Old Dominion University

ODU Digital Commons

Psychology Theses & Dissertations Psychology

1992

The Evaluation of Company-Sponsored Test-
Preparation Courses: Training Different Aged
Employees on General Test-Taking Skills and Basic
Cognitive Skills

Kerrie D. Quinn
Old Dominion University

Follow this and additional works at: https://digitalcommons.odu.edu/psychology etds

0 Part of the Cognition and Perception Commons, and the Industrial and Organizational
Psychology Commons

Recommended Citation

Quinn, Kerrie D.. "The Evaluation of Company-Sponsored Test-Preparation Courses: Training Different Aged Employees on General
Test-Taking Skills and Basic Cognitive Skills" (1992). Doctor of Philosophy (PhD), dissertation, Psychology, Old Dominion
University, DOI: 10.25777 /xrqr-cf71

https://digitalcommons.odu.edu/psychology_etds/300

This Dissertation is brought to you for free and open access by the Psychology at ODU Digital Commons. It has been accepted for inclusion in
Psychology Theses & Dissertations by an authorized administrator of ODU Digital Commons. For more information, please contact

digitalcommons@odu.edu.

www.manharaa.com


https://digitalcommons.odu.edu/?utm_source=digitalcommons.odu.edu%2Fpsychology_etds%2F300&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/psychology_etds?utm_source=digitalcommons.odu.edu%2Fpsychology_etds%2F300&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/psychology?utm_source=digitalcommons.odu.edu%2Fpsychology_etds%2F300&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/psychology_etds?utm_source=digitalcommons.odu.edu%2Fpsychology_etds%2F300&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/407?utm_source=digitalcommons.odu.edu%2Fpsychology_etds%2F300&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/412?utm_source=digitalcommons.odu.edu%2Fpsychology_etds%2F300&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/412?utm_source=digitalcommons.odu.edu%2Fpsychology_etds%2F300&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/psychology_etds/300?utm_source=digitalcommons.odu.edu%2Fpsychology_etds%2F300&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@odu.edu

The Evaluation of Company-Sponsored
Test-Preparation Courses: Training Different
Aged Employees on General Test-Taking Skills and

Basic Cognitive Skills

by
Kerrie D. Quinn

B.S. May 1987, The Pennsylvania State University
M.S. May 1989, 0ld Dominion University

A Dissertation Submitted to the Faculty of
0ld Dominion University in Partial Fulfillment of the
Requirements for the Degree of

DOCTOR OF PHILOSOPHY

PSYCHOLOGY

OLD DOMINION UNIVERSITY

Approved by:

Terry/éﬁ Dickinson (Director)

Robggt M. McIntyre

A1ynd D. Coates

Nancy @. Tippins

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ABSTRACT
THE EVALUATION OF COMPANY-SPONSORED TEST~-PREPARATION
COURSES: TRAINING DIFFERENT AGED EMPLOYEES ON
GENERAL TEST-TAKING SKILLS AND BASIC COGNITIVE SKILLS
Kerrie D. Quinn
01d Dominion University, 1992
Director: Dr. Terry L. Dickinson
Test performance in general has been found to decline
with increasing age. However, this decline has not been
accompanied consistently by lower job performance.
Subsequently, factors external to the test are being more
closely examined for their effects oﬁ test performance. Two
such factors, a lack of general test-taking skills and a
reduced level of basic cognitive skills, are thought to
contribute most to the test performance of older adults.
These factors occur because of the lower level of education
and greater length of time since formal schooling for older
adults. Accordingly, organizations have been offering test-
preparation training to all employees to enhance such
skills. The present research was designed to examine
components of one such training program.
Three hundred thirty-six employees from a large

telecommunications company received training on general
test-taking skills, cognitive skills, both skills, or no

training. Before and after training, participants completed

a standardized set of tests as well as questionnaires
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measuring their attitudinal dispositions toward test taking.
A 2 (Pre-Test) by 2 (Training) analysis of variance design
was utilized to examine the effects of testing at time 1 on
test scores at time 2. A 4 (Experimental Training Groups)
by 2 (Age Categories) by 2 (Time) repeated measures analysis
of variance design was then employed to evaluate the effects
of different types of training on fluid and crystal ability
test score composites. Next, another variable (Prepost) was
included in the design to examine test-taking dispositions
before and after the tests.

Results showed pre-test and training effects; each
positively influenced fluid test score composites at time 2.
Findings also indicated that basic cognitive skills training
positively affected crystal test score composites at time 2.
Differences in fluid test scores between participants under
age 40 and age 40 and over were found across time. There
were no age differences for the crystal test scores.
Finally, exposure to the tests and training influenced test
dispositions.

This research investigation offers support for the
effectiveness of training programs designed to assist adults
in their test-preparation. In addition, it provides insight
into test-taker dispositions, and their relationship to test
scores. Possible explanations for differences in test
scores and dispositions due to training and age are

provided.
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The Evaluation of Company-Sponsored
Test-Preparation Courses: Training Different
Aged Employees on General Test-Taking Skills and
Basic Cognitive Skills
I. INTRODUCTION
Aging of The Workforce

The American population is aging steadily. Factors
causing the shift in mean age include: 1longer and healthier
life spans, a slowing birth rate, and baby boomers reaching
their middle years. The average age of our population has
risen from 23 years to over 29 years since 1900, and it is
projected to climb to 38 years by the year 2035 (Sheppard &
Fisher, 1982).. These demographic factors indicate an
emergence of an older workforce. The average age of the
workforce is projected to jump from 32 to approximately 40
by the turn of the century (American Association of Retired
Persons, 1990).

At the same time the workforce is aging, our economy
has experienced major problems due to federal budget
deficits and heightened foreign competition in world
markets. One of the major consequences of these economic
problems is the restructuring of parts of the economy. The
restructuring is causing widespread plant closings,

particularly in the manufacturing industries. While the
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2
manufacturing sector has increased its productivity via the
use of new technology in the last few years, it has done so
without hiring additional workers (Hansen, 1988). As a
result, there are substantial numbers of senior workers who
are being displaced. The Bureau of Labor Statistics defines
displaced workers as people who have lost their jobs due to
plant closings, lack of work, or abolished positions, and
who had significant attachment to their former positions
with employment tenure of at least three years (Hansen,
1988). The displacement of many of these workers is
perpetuating unemployment. Subsequently, many workers are
actively searching for new jobs.

While the economy is generating new jobs for these
individuals, most of the jobs are in service industries.
Data from the Joint Economic Committee of Congress
(Seaberry, 1986) suggest that almost 50% of the displaced
blue-collar workers who lost jobs recently in the
manufacturing sector will not be reemployed in their former
industries. According to Hansen (1988), most of them can
expect to find only lower paying jobs in the service sector.
Effects on Human Resource Practices

The older workforce and reduced economic conditions are
issues that will take on increasing importance for human
resources management in upcoming years (McLaughlin, 1989).
For instance, many employers expect the shift in age

composition of the workforce to exacerbate promotional
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bottlenecks at the upper levels of organizations.
Bottlenecks will develop particularly in occupations
affected by the 1986 removal of mandatory retirement
(Howard, 1988). In response, many organizations have
confronted bottlenecks and economic conditions by offering
early retirement packages.

The increasing number of older workers, combined with a
shrinking supply of qualified younger workers, has caused
labor shortages at the entry level to increase. Lower level
positions have traditionally been held by younger
generations. Subsequently, new policies and managerial
practices are required that are aimed at a more effective
utilization of the talents of older workers. With the
smaller supply of qualified younger workers, employers may
be forced to look to older persons to fill traditional
entry-level jobs in the future. Thus, it is necessary for
them to revise their policies and practices to ensure that
they facilitate the recruitment, selection, motivation, and
retention of older workers.

Effects on Employees'! Careers

In order for employers to revise policies and
practices, it is first important to examine how aging
affects individual careers. People ranging in age from 40
to 65 are in the maintenance stage of their careers (Super &
Bohn, 1970). Super and Bohn stated that individuals

entering this stage have already become established in a
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particular field and are near the limit of advancement.
Under conditions of organizational stability, they continue
to hold their own in their field in a career plateau. Yet
in times such as the present, many of these same people are
receiving early retirement offers because there is an
abundance of people in this stage and organizations are
trimming upper level positions or lower level manufacturing
jobs for financial reasons. While some are choosing to
retire early, there are many who either do not wish to
retire or cannot financially afford to retire. Instead,
they may consider a career change. As a result, for some
people this becomes a time for embarking on a new career,
rather than maintaining the old one (Hall, 1976).

There are also those people opting for a career change,
not because their organization is "trimming the fat," but
because they simply want to change their environment.
Drucker (1980) noted that people remain in the same job
until they become bored. They may want to switch jobs to
meet different challenges or relieve responsibilities. Such
individuals may accept a lateral transfer or even a demotion
in return for a decreased level of pressure and constraint.

Regardless of the reason for change, a transition from
one job to another for mid-career employees may be even more
stressful than the move from school into a first job by
younger employees (Hall, 1976). Increased stress during

this period of change may result from the loss of vested
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5
benefits, seniority, and status accumulated throughout years
of service. At the same time, stress is also caused by a
lack of current skills. With the increased administrative
demands in mid-career, there is often little opportunity for
these employees to remain current in all of the required
skills. Mid-career employees may not have learned much of
today's technology in their field, and perhaps even have
forgotten a great deal of what was learned. So during the
maintenance stage when people often make complete breaks
with their old careers, much of their skill repertoire is no
longer fully developed and up-to-date. Consequently, mid-
career employees may be unable to perform a particular motor
or cognitive task that is required for placement into a new
job, causing them to feel less mobile and less attractive in
the job market (Hall, 1976).

Employers' Response

Educational programs can be developed to lessen the
stress associated with a career transition. According to
Ansello and Hayslip (1979) and Wood (1978), education
greatly facilitates continued cognitive and affective growth
throughout middle and late adulthood. Organizations have
therefore increased efforts to offer such programs to their
employees, in order to prepare them for other positions
within the organization and to minimize difficulties during
the midlife period.

Most workers realize the importance of updating their
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skills, and they are willing to become more educated in
order to move on in their careers. Accordingly, a
significant amount of learning time and effort by adults is
spent in self-improvement for practical reasons (Hiemstra,
1982). More people in our society are participating in
counseling programs, degree programs, conferences,
retraining, and basic skill programs to develop their skill
repertoire fully and to cope with changing job skill
requirements. In fact, Aslanian and Brickell (1980) found
that 83% of the adults participating in educational programs
were doing so because of some life change (e.g., job loss).
The large volume of literature produced in the last two
decades related to adult learning and education in the
workplace is evidence of its increasing importance.
"Workplace training and development is now roughly
equivalent in size to the entire elementary, secondary, and
higher education systems" (Carnevale, 1986, p. 18).
Corporate training has grown into a $30 billion industry.
Each year, employers provide over 17.6 million formal
courses to almost 15 million trainees. These figures
indicate that roughly 13% of working Americans participate
in at least one formal training course (Carnevale, 1986).
Further, approximately two-thirds of the courses include
instruction to enhance intelligence and are taught in-house.
Despite its widespread use, the amount of research

devoted to workplace practices in training and development
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does not equal that devoted to formal education. However,
economic and technological changes are now fueling a larger
interest in training and development research to ensure
employees have the necessary knowledge, skills, and
abilities to perform their jobs. As employers compete for a
smaller qualified workforce, they are realizing they must
maintain or increase their share of a shrinking economy by
augmenting investments in training to attract and retain
employees. Consequently, research that leads to the
enhancement of training effectiveness is of growing
importance.

Offering training to midlife career employees can play
an important role in their successful work experience
(Morgan, Patton, & Baker, 1985). More specifically, Hansen
(1984) stated that employees will experience significantly
lower rates of unemployment, have less income loss, and
suffer fewer social pathologies (e.g., drug abuse, spouse
abuse). In return, the employer retains good performers,
and benefits from the employees' additional potential and
value. To the extent that training is cost effective in
promoting such qualities, it will be utilized in industry as
a strategic tool.

Lawmakers' Response

Although organizations are opening pathways for their

employees by providing training and education, problems

remain. As the average age of our workforce rises, an

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



increasing number of age discrimination cases are being
filed (Rosen, 1988; Sparrow & Davies, 1988). For example,
Gribbin, Schaie, and Parham (1980) reported a 76 percent
increase in age discrimination cases filed between 1977 and
1982. Recently, about 25% of all cases filed with the Equal
Employment Opportunity Commission have been related to age
discrimination (Morse, 1990).

A legal statute of particular relevance to these cases
is the Age Discrimination in Employment Act. This Act was
enacted in 1967 and amended in 1978. The purpose of the Act
is threefold: 1) prohibit arbitrary age discrimination in
employment, 2) help employers and workers find ways of
solving problems arising from the impact of age on
employment, and 3) promote employment of older persons based
on ability rather than age. This statute pertains to every
aspect of human resources management (e.g., recruitment,
selection, training, compensation, and performance
assessment) .

Age and Test Performance

Although there has been a dramatic rise in the number
of reported age discrimination cases in the United States,
there are few empirical investigations that focus on the
older worker. Of those that do exist, the majority focus on
termination cases (Morse, 1990). Research is relatively
scarce relating to human resource practices that take place

at the start of or transition in an older worker's career
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(i.e., selection and testing). Subsequently, the
interpretation of differences on selection instruments and
practices between older and younger individuals remains
problematic (LaRue & D'Elia, 1985).

Differences on test performance for some younger and
older workers have been reported by a few researchers. 1In
one investigation, analyses were conducted on scores from a
cognitive ability test used for the selection of non-
managerial positions. The test was administered to
individuals of various ages. The sample of older workers,
however, was restricted in size. Their results showed a
general and gradual decline in test scores with increasing
age (Howland, Quinn, & Schneider, 1990).

In another investigation, Avolio and Waldman (1987)
administered a battery of personnel aptitude tests to people
working at a surface coal-mining operation. Test scores
were then correlated with age. Their findings showed that a
negative correlation between cognitive test performance and
age was more pronounced for unskilled workers. This finding
would be expected, since more intelligent older workers were
more likely promoted into higher level, skilled jobs.
However, Avolio and Waldman (1987) found that the
correlations between age and test performance were not
significantly reduced when the effect of education was held
constant for skilled and unskilled workers. In contrast,

Lefever, Van Boven, and Banarer (1946) found that holding
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educational level constant resulted in an almost-zero
correlation between age and test performance on aptitudes
necessary for clerical and mechanical positions.

Despite the weak correlations found between age and
cognitive test scores, research shows that certain mental
abilities decline with age. For example, Craik (1977)
reported that the memory system declines with age. Such a
decline is thought to be due to a failure in ability to
utilize more abstract codes as an individual grows older and
the use of more shallow, inefficient processing modes.

Cohen (1979) reported deficits in reading comprehension and
language processing. Such deficits have been attributed to
the failure of ability to organize information
inferentially. At the most general level, therefore,
decreases in mental processes of older individuals have been
attributed to a disintegration of the kinds of higher-order
operations that permit the integration and transfer of
information (Craik, 1977; Horn & Donaldson, 1980). The
breakdown of such operations may negatively affect test
performance.

There is an abundant accumulation of evidence (e.g.,
Salthouse, 1985) which suggests that declines in mental
speed also adversely affect test performance. As a result
of this decline, faster presentation rates of test items
have been found to heighten anxiety, create overarousal,

undermine self-confidence, and reinforce a tendency toward
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cautiousness (Botwinick, 1978; Falk & Kline, 1978). Such
circumstances tend to lead to errors of omission (Birkhill &
Schaie, 1975).

Based on this evidence, Stankov (1988) argued that if
one cannot think quickly, one cannot think well. Findings
and arguments like these have raised concern about testing
conducted in industry. A question frequently asked is, "Is
it fair to expect older workers to compete on paper and
pencil tests with those considerably younger in years?"
(Lefever et al., 1946, p. 351). People of various ages may
possess different levels of test-taking skills that
contribute to the maintenance or decline of cognitive
functions pertinent to test performance. The examination of
such skills may more effectively determine how individuals
have developed to their current levels of test-taking.
Before discussing test-taking skills in more depth, however,
the effects of age on test performance will be examined.

When an individual performs poorly on a job information
test, different explanations are given for that performance,
depending on the age of the individual. One explanation
normally given for the low performance of a younger worker
on these tests is the possession of less information about
the job (i.e., lack of job experience). Explanations for a
low test score for an older worker, however, Are more
complex. Lefever et al. (1946) pointed to a few.

Lefever and his colleagues administered a number of job
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information tests and aptitude tests to a group of male and
female mechanics of various ages. The correlations between
age and job information test scores indicated that age is
not a serious handicap to the adult worker when taking job
information tests. Similarly, there was no decline in
performance with age on learning ability tests developed by
the Air Technical Service Command. However, results of a
clerical aptitude test pointed to a steady decline in typing
and perceptual speed test scores with advancing age.
Likewise, when workers were given the Otis and Wonderlic
intelligence tests, the older age group (50 years and over)
scored lower on these tests (Lefever et al., 1946). Lefever
and his colleagues thought that since some of the younger
workers graduated from a high school where the Otis test was
administered, it was possible that the Otis scores were
higher for the younger age group because of a practice
effect. In contrast, older individuals who did not have
previous experience with this test generally scored lower.

Lefever et al. (1946) also discovered that many of the
older individuals whose scores fell below the mean of the
total population had less education. This finding coincides
with Sheppard and Fisher's (1982) and Avolio and Waldman's
(1987) findings that the greater an individual's age, the
less formal education received by the person. According to
Cijfer (1966), age-related differences in education level

make the assessment of learning difficult, since an
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individual's education may influence test performance.
Lefever et al. (1946) concluded that the age handicap of
taking paper and pencil tests was apparently in part the
effect of fewer years of formal schooling and a consequent
lack of experience in test taking for the older workers. 1In
addition to less schooling, older workers were removed from
the formal schooling environment for a greater length of
time than younger workers. Younger workers, in contrast,
had more recently been involved in formal educational
programs.

Granick and Friedman (1973) arrived at similar
conclusions using a range of tests including cognitive
ability. According to Blum and Jarvik (1974), such findings
illustrated that for older workers, who have been removed
from educational experiences longer, the content of the test
may be unfamiliar. As a result of their unfamiliarity with
the learning tasks and assessment procedures, older workers
may be confused or undermotivated, and thus not perform at
their highest ability levels. Hayslip and Kennelly (1982)
suggested that when the effects of noncognitive factors such
as education level or time away from school are controlled,
age deficits in performance are lessened.

Another factor to consider when evaluating age
differences in test performance is the similarity between
the type of skills used daily on the job and those required

for the test. Thumin (1979) reported that different job
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experiences can affect the relationship between age and test
performance. For example, secretarial experience was found
to off-set rates of decline on tests involving perceptual
speed, finger dexterity, and eye-hand coordination. Green
(1969) stated that daily activity patterns of workers were
significantly related to performance on intelligence tests.
Thus, it appears that the similarity between skills used
frequently and those tested may moderate the relationship
between age and test performance. Because of the paucity of
research on this issue, however, no firm conclusions can be
made.

Age and Job Performance

The relationship between a worker's age and job
performance has been examined more recently. In three
investigations (Avolio, Waldman, & McDaniel, 1990; Giniger,
Dispenzieri, & Eisenberg, 1983; Jacobs, Hofmann, & Kriska,
1990), length of job experience, rather than age, was found
to be the best predictor of job performance across
occupations (i.e., the more experience on the job, the
better the performance). Results of two meta-analyses
(McEvoy & Cascio, 1989; Waldman & Avolio, 1986) confirmed
these results. However, when job level was taken into
account, there was some tendency for lower performance among
older workers in specific lower level jobs. For jobs with
higher levels of complexity or mastery, experience appeared

to interact with age to predict performance.
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Problem for Present Research

In general, research findings (e.g., Blum & Jarvik,
1974; lLefever et al., 1946) suggested that poor test
performance is due in part to low levels of education,
greater elapses of time since formal schooling, and less
experience with recent test taking. Potential for
successful job performance is therefore underpredicted by a
selection test that is administered to those who have lower
levels of education, greater lapses of time since formal
schooling, and less experience with recent test taking.

The selection literature assumes that individuals who
pass a valid cognitive test are more likely to be successful
on the job. Yet, if low scores on valid tests for older
workers are not substantiated by poor job performance, then
it is suspected that factors external to the test itself
(e.g., lack of test-taking preparation) are responsible.
Such factors may be contributing to the inaccurate
measurement of the competency levels of older adults. That
is, even though older adults have the skills and abilities
necessary for successful job performance, they cannot
demonstrate their competency in a testing situation.
Subsequently, the chances of these individuals passing a
selection test may be reduced. Passing a test may be
especially difficult for middle-aged and older adults who,
in comparison to their younger counterparts, are lacking the

background and skills necessary for taking tests.
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In order to obtain a better estimate of true
capabilities, strategies have been adopted that minimize the
negative effects of extraneous factors in the testing
situation. Educational efforts have recently included test-
preparation training for employees. This training
concentrates on general test-taking skills and cognitive
skills. The primary purpose of providing training in these
areas is not to increase the employees' chances of passing a
test or to inflate their test scores, but to obtain accurate
measurement of the basic ability reflected by the test
(Bookman & Iwanicki, 1983). By doing so, selection tests
can predict job performance with a higher level of accuracy.
Accordingly, the present research was designed to examine
components of a test-preparation program.

General Test-Taking Skills

General test-taking skills are noncognitive or ability
extraneous skills (Furry & Baltes, 1973). A person who has
a number of these skills is often considered to be test-
wise. In a broad sense, test-taking skills are distinct
from the examinee's knowledge of the test content (Diamond &
Evans, 1972). Some examples of test-taking skills are:
appropriate time-using strategies, careful attention to
directions, careful checking of answers, appropriate
confidence levels, effective guessing and deductive
reasoning strategies, and appropriate levels of test anxiety

(Frierson, 1986).
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Because inferences about job performance are made on
the basis of test performance, it is quite possible that
test~taking skills may counteract or conceal the basic
abilities reflected by the test and jeopardize subsequent
employment (i.e., an individual may not do well on a test,
giving the impression that he or she is not competent to
perform a job). Several authors (e.g., Diamond & Evans,
1972; Ebel, 1965) have considered test-taking skills an
additional source of variance in test scores, beyond that
due to item content or random error. However, the specific
amount of variance contributed by test-~taking skills to test
scores is unknown. Nevertheless, because test-wiseness has
been shown not to be highly related to cognitive ability,
these authors have argued that its effect should be removed
from test scores. When individual differences in test-
taking skills are removed or controlled, observed test
performance differences should reflect genuine differences
in basic test-related ability (Furry & Baltes, 1973).
Individual differences in test-taking skills can be
controlled, and consequently test validities improved, by
training those who are lacking in test-taking skills.

Several researchers (e.g., Ford, 1973; Sarnacki, 1979)
have investigated how to train test-taking skills, in order
to eliminate a possible detriment for individuals who are
not test-wise. The research evidence regarding the long-

term effectiveness of various training programs has been
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quite positive. For example, Oakland (1972) conducted a
training program in test-taking skills with Head Start
classes over a six-week period. Significant differences
were found on the Metropolitan Readiness Test between the
experimental group and the control group on the post-test
given immediately after training. However, on a second
post-test given four months later, group differences were
not significant. Callenbach (1973) conducted eight training
sessions on test-taking skills over a four-week period with
second-grade students. Experimental and control groups were
tested on the Stanford Reading Test after training and again
four months later. The experimental group achieved
significantly higher test scores on both tests.

Samson (1985) conducted a meta-analysis of 24 studies
on the effectiveness of test~taking training programs on
achievement test scores. Findings indicated that training
on test-taking skills produced significant improvements in
students' scores on achievement tests (Tr=.33, p<.05). No
significant differences were found among any of the
additional treatments (e.g., test anxiety reduction
procedures, motivational techniques). These findings
supported Sarnacki's (1979) suggestion that training on
test-taking skills decreases some of the measurement errors
resulting from the influence of test-wiseness on test
scores.

In a longitudinal study, Crehan, Koehler, and Slakter
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(1974) utilized four test-taking strategies for choosing a
response option to multiple~choice items: 1) select option
that resembles aspect of stem, 2) eliminate options that are
known to be incorrect and choose from among the remaining
options, 3) eliminate similar options, and 4) eliminate
those options that include specific determiners (e.g.,
always or never). The first and last test-taking strategies
are cue-using techniques. The second and third strategies
are examples of deductive reasoning techniques (Millman,
Bishop, & Ebel, 1965). Crehan et al. showed that test-
wiseness was a stable characteristic across several grade
levels. Specifically, they concluded that: 1) the
stability of test-wiseness adds to the stability of aptitude
or achievement tests; 2) students low in test-wiseness tend
to be penalized every time they take a test; and 3) since
there seems to be little possibility of removing the effect
of test-wiseness completely from standardized tests, more
thought should be given to its teaching.

Wilson (1986a) conducted research with low-achieving
and under-achieving sixth-grade students. Four sessions
were designed to teach general test-taking skills. In the
first session, the purpose of tests and test-taking habits
and attitudes were reviewed. Second, students were given a
checklist of study and test-taking habits for self-
monitoring. In the third session, their adherence to the

checklist items was reviewed. Finally, students and their
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instructors discussed any problems they encountered when
taking tests, and their solutions. This study showed that
students who had participated in the project attained
significantly higher test score averages than did students
in the control group. Thus, Wilson concluded that study
skills instruction can have positive effects on the academic
performance of low-achieving and under-achieving
individuals.

In a similar study, Frierson (1986) conducted an
intervention program to teach test-taking skills to low-
achieving nursing students who were preparing to take
licensing exams. Findings from this research revealed that
test-taking instruction in a group setting led to improved
licensing exam scores. This effect of test-taking skills
instruction on standardized test performance has significant
implications for enhancing student performance, particularly
for those who are generally expected to score below the mean
on standardized achievement tests.

A number of techniques used in other efforts to help
individuals to improve basic test-taking skills appear to be
producing positive results. In a recent review (Wilson,
1986b), successful treatment programs included leader-
structured approaches, group counseling, and counseling with
study skills instruction. Wilson (1986a) pointed out,
however, that although classroom guidance programs focusing

on study skills and habits are now appearing in the
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literature (e.g., Beale, 1981; Castagna & Codd, 1984), the
impact of these programs on performance is unclear since
only a portion of the programs have been experimentally
evaluated.

Of those that have been evaluated, the majority have
been designed to teach test-wiseness to those in childhood
and young adulthood. Few comparable research projects have
addressed the middle and older adult population (Willis,
Blieszner, & Baltes, 1981), and none have focused on middle~
age and older workers who, in light of today's économic and
workforce changes, will again be required to take tests.

Test Dispositions

Other factors that may affect test performance are
dispositions toward test taking. Of the various
dispositions toward test taking (e.g., motivation, anxiety,
ease, difficulty level), test anxiety seems to have the most
effect on test performance. It is widely accepted that high
levels of anxiety more often impair, rather than facilitate,
performance on most cognitive tasks (Eysenck, 1982). For
example, Wark and Bennett (1981) demonstrated that adults
with high levels of test anxiety perform much more poorly on
a reading comprehension task than those with low levels of
anxiety. Subsequently, many test-taking educational
programs are including efforts to reduce anxiety.

In a typical college population, it is estimated that

twenty percent of the students suffer from debilitating test
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anxiety (Spielberger, 1971). Oberleder (1967) has
maintained that anxiety factors increase with age. 1In
general, test anxiety has been depicted as: a possible
cause of cautiousness in test situations (Botwinick, 1978);
a basis for avoiding assessment entirely (Whitbourne, 1976);
and a contributing factor to older persons' lower scores on
tests of learning and memory (Woodruff & Walsh, 1975).

Anxiety can be described as a set of responses to a
class of stimuli that have been associated in the
individual's testing experiences (Sieber, 1980). An anxious
person, according to Sarason (1980), is one who sees him or
herself as ineffective in handling a task that is viewed as
difficult, challenging, or threatening. As a result, the
person expects and anticipates failure. In this context,
test anxiety is defined as inefficient coping with a test
situation (Vlek & Pruyn, 1984).

The anxiety a person experiences in a testing situation
is of two types: the trait anxiety brought to the test; and
the state anxiety evoked by details of the testing
situation. According to Schwarzer (1984), state and trait
test anxiety are each comprised of two components: worry
and emotionality. Worry is a situation-specific personality
trait with a cognitive component. Characteristics of worry
include negative expectations of success, anticipation of
failure, and thoughts about failure that interfere with

performance by diverting the individual's attention from the
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task at hand. On the other hand, emotionality is an
affective, arousal-related component. Emotionality is
characterized by unpleasant feelings, tensions, an
anticipated loss of control over a threatening situation,
and subsequent public failure. Of these two components,
worry is the predominant source of test-taking interference.
It takes the form of self-derogatory, self-evaluative
thinking that hinders performance. Performance will improve
only when the test-anxious person attends to task-relevant
cognitions during the test administration (Wine, 1980).

The relationship between test anxiety and performance
is frequently assumed to be monotonically negative; that is,
as anxiety increases, performance decreases. Yet, some
laboratory studies (e.g., Mandler & Sarason, 1952) have
reported an inverted U relationship. In such a
relationship, there is an optimum level of anxiety for
effective performance. At this optimum level, students
experience feelings of stress before a test that prompt them
to study the material thoroughly. When this occurs, test
anxiety may have facilitating effects on achievement.

Covington (1985) argued that the relationship between
test anxiety and performance changes as an individual
progresses through the achievement cycle. The achievement
cycle is composed of four phases (Weiner, 1979). Initially,
in the test-anticipation or evaluation stage, students

assess their probability of either succeeding or failing an
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upcoming test. While doing so, they make judgments about
the quality and quantity of their available resources. 1In
the second phase, test-preparation, students prepare for the
upcoming test while harboring various feelings,
expectancies, and cognitions regarding the appropriateness
and efficiency of their study habits. The third phase,
test-taking, is the stage in which anxious students
experience sources of disruption like emotional tension,
distractive worry or cognitions, and physical upset. Becker
(1984) proposed that emotionality during this phase may
impact differently on performance, depending on the amount
of an individual's test preparation. 1In the last stage,
test-reaction, students' worries, hopes, and fears are
confirmed or disconfirmed depending on the quality of their
test performance. As people cycle through these four phases
of the achievement cycle, they may experience a number of
anxious feelings to varying degrees.

The level of anxiety experienced is dependent upon a
number of factors. Such factors include: the intensity of
preparation, the familiarity of the test items, the
estimated difficulty of the exam, the personal importance of
the exam, and the confidence level in one's ability to
succeed. With regard to preparation, Culler and Holahan
(1980) proposed that some students are anxious simply
because they are not well-prepared to take a test. In this

case, anxiety is interpreted as a skill deficiency, and may
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play no significant causal role in the achievement process
apart from being correlated with variations in study habits.
In effect, anxiety resulting from a sense of inadequate
preparation after test failure eventually comes to interfere
with the preparation for subsequent tests. Consequently, a
closed, self-defeating loop is created (Culler & Holahan,
1980).

Depending on the familiarity and difficulty level of
test items, anxiety can instill different levels of arousal.
Less familiar and more difficult tests evoke more anxiety,
because they are naturally failed more often. In reference
to the self-defeating loop described above, excessive
affective arousal may disrupt test preparation for future
examinations. Inferior test performance may result,
especially in difficult test situations (Sarason & Palola,
1960) .

Cornelius (1984) conducted research in relation to the
familiarity and difficulty level of test items. His
research was based on Denney's (1982) proposal that
abilities which are relevant to adults' experiences and are
used often may remain relatively constant in adulthood.
Unused abilities, in contrast, may decline as a function of
disuse and lack of practice. To explain his theory,
Cornelius gave reference to age-irrelevant and age-relevant
tests. Age-~irrelevant tests are defined as ability tests

that show small increments or constancy with age, since they
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involve more familiar content or skills. On the other hand,
age~relevant tests are defined as ability tests that exhibit
decrements with increasing age. Cornelius hypothesized that
if age-irrelevant tests measure skills that are used in
adulthood, but are not used in age-relevant tests, then
ratings of the familiarity and difficulty by younger and
older age groups should differ only for the age-relevant
tests.

Analyses of the age group ratings confirmed his
hypotheses. Overall, items on the age-irrelevant tests were
rated as significantly more familiar than those on the age-
relevant tests. When comparing age groups, older adults
rated age-relevant tests as less familiar than did the
younger adults. Older adults also rated age-relevant tests
as being more difficult, and requiring more time and higher
levels of effort to complete.

Results of this study indicated that adults' ratings of
age—-irrelevant versus age-relevant types of ability tests
differed systematically on characteristics of familiarity,
difficulty, and effort required. Age-irrelevant tests had
comparable familiarity and difficulty levels and required
equivalent effort for adults of different ages. For the
age-relevant tests, however, it appeared that different
patterns of intellectual aging were a function of
differences in familiarity and test difficulty. 1In other

words, age differences in age-sensitive tests reflected
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generation differences (i.e., the type of skills necessary
for test performance were demanded more often of younger
individuals than of older individuals). If test familiarity
and difficulty account for the classic pattern of aging as
shown by Cornelius (1984), the implications are that
practice or retesting conditions should facilitate
performance on age-relevant tests, particularly for older
adults.

Another factor affecting the level of anxiety
experienced is the importance of a test. The arousal
experienced in this case is thought to be a function of
either the value of the task (Atkinson & Raynor, 1977) or
the circumstances of failure. According to Deffenbacher
(1978), anxiety is often task-focused and experienced as
worry. The amount of anxiety can be raised or lowered
accordingly, depending on whether or not personal
responsibility is taken for performance results (Covington &
Omelich, 1981).

Discussing the importance of a test can have motivating
qualities for students. 1In a study by Omvig (1971), an
experimental group was given information on why tests were
given and the importance of performing well. Results showed
that this group performed significantly better than a group
who received no information. In a study with three groups
of college students, Morris and Fulmer (1976) found that

students performed better on tests when they were aware of
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how performance would affect their grades. Similarly, Petty
and Harrell (1977) found students who participated in a
motivational and informational testing program exhibited
higher standardized scores than students who did not
participate.

An additional factor influencing a person's anxiety
level is the amount of confidence he or she has in
succeeding. The attribution of failure, primarily due to a
lack of confidence in one's ability to succeed, has been
implicated in the lowered performance of some older persons
(Prohaska, Parham, & Teitelman, 1984). When a situation is
of sufficient importance to the individual with regard to
its expected positive and negative consequences, the level
of confidence in controlling the situation becomes a crucial
question. Because highly anxious individuals are likely to
face higher demands from the total situation, they invest
more effort into the task in an attempt to compensate for
any detrimental effects on tasklperformance (Eysenck, 1979).
For these people, perceived control over task performance
might be more important than the quality of task
performance. Analogous to the way in which the repeated
performance of a task may become familiar, gradually
automatic and thereby more easily controllable, they may
gradually adapt to contextual factors and gain control of
the situation, thereby reducing stress.

In the event a problem arises, however, and the person
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loses the sense of control over the situation, performance
deficits will occur. Lavelle, Metalsky, and Coyne (1979)
argued that in cases of stress and anxiety, attentional
deficits may cause helplessness and depression, thereby
affecting a person's capacity to perform. This is what
occurs to individuals with test anxiety. Because of
feelings of anxiety, depression, and helplessness, attention
is shifted from the test to internal worries. Such a
diversion of attention could account for a wide range of
deficits in cognitive abilities seen in the adult learner
(Hartley, Harker, & Walsh, 1980).

Related to this issue is Wilson's (1973) "dynamic
theory of conservatism," which posits that certain genetic
and environmental factors lead to feelings of anxiety,
insecurity and low self-esteem. To test this theory, Wilson
focused on age and rigidity, a genetic and an environmental
factor, respectively. When structural path coefficients
were computed, age and rigidity were found to have an impact
on anxiety and motivation. 014 age and high degrees of
rigidity coincided with high degrees of anxiety and low
degrees of motivation. It appeared that individuals who
score high on rigidity measures attempt to solve tasks by
using traditional strategies. In many cases, the preferred
strategies do not work for new and unusual tasks, and
individuals who score high on rigidity have difficulty in

trying new problem-solving strategies. This inflexibility
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causes them to experience failure more often, leading to a
decrease in self-esteem. As a result, they become uncertain
as to whether a situation can be controlled, and therefore
become anxious. Consequently, rigid people try to avoid the
demands of novel or unfamiliar achievement situations.

According to Wilson's theory, as people age, they tend
to fall back on their own experiences. Moreover, they have
acquired a certain routine of solving problems, even if the
situation demands different ways of approaching a problem.
So as rigidity increases with age, it is accompanied by
increased feelings of anxiety and decreased achievement
motivation. As a result, those with more rigid routines in
midlife tend to experience more decline in psychological
competence with advancing age (Schaie, 1983). Hence, from
this perspective, anxiety arises from the realization that
one's abilities are insufficient for the task at hand.
Consequently, failure is inevitable, and feelings of
inadequacy and incompetency result.

Feelings such as these were experienced by older
workers in Merriam's (1987) investigation. Middle-aged and
dislocated workers reported that they were fearful and that
they would not be able to successfully complete a retraining
course. The participants, particularly those with no
college education, agreed that their age was a source of
fear for returning to school. Once the course was

completed, the middle-aged group rated the coursework as
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being very difficult. Middle-aged women, in particular,
felt that learning the material was not easy. These
findings suggested that middle-aged workers returning to
school have anxieties, fears, and insecurities about their
ability to perform basic skills. Therefore, Merriam (1987)
suggested that practitioners who teach middle-aged learners
should incorporate confidence building activities and study
skills into their lessons to deal with the anxiety of
relearning.

Other findings in the literature are less clear as to
the extent of anxiety experienced by younger, middle-aged,
and older adults. Participants in Himmelfarb and Murrell's
(1984) research reported age-related increases for trait
anxiety. These effects were small and nonlinear. For
performance anxiety, older individuals were found to be more
anxious (Whitbourne, 1976) or as anxious (Ross, 1968) as
younger people.

There are equally ambiguous conclusions regarding the
impact of anxiety on cognitive performance for different
aged adults. Cohen, Eisdorfer, Vitaliano, and Bloom (1980)
found that the performance of older people was most
adversely affected by high anxiety. In contrast, Costa,
Fozard, McCrae, and Bosse (1976) reported no age
differences. Woodruff and Walsh (1975) also did not find
any performance differences among people of different ages

when time pressure was minimized and they were exposed to
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the testing process and the task at hand. Under these
conditions, Woodruff and Walsh concluded that tests of
reasoning could be given to older adults without inducing
anxiety high enough to invalidate cognitive assessment.

Cognitive Skills

In addition to a lack of general test-taking skills,
poor test performance may be a result of reduced levels of
basic cognitive skills (i.e., mental power to answer
intricate mathematical, spatial, or figural questions).
Numerous employees have suggested that their level of
cognitive ability decreases over time, due to a lack of use
(J. Pavlakis, personal communication, October 15, 1990).
That is, they are required to use few mathematical, spatial,
or figural skills after their formal schooling.

Based on this explanation, test-preparation programs
have recently included practice exercises with test content
that requires the use of cognitive skills. Practice in this
context is defined as working on problems similar in nature
to those contained in the test (Bookman & Iwanicki, 1983).
Practice familiarizes students with the types of problems
that they should expect to encounter. This familiarity with
types of test problems should increase actual performance as
well as student confidence that they will perform
successfully on the test.

Bookman and Iwanicki (1983) conducted an investigation

in this area with school-aged children. They found that
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test preparation significantly affected performance on a
mathematical achievement test. The group who worked on
practice problems performed significantly better than those
who received a lecture on test importance and those who did
not receive any type of preparation.

A few researchers have examined the influence of
providing practice problems on test anxiety and fluid
intelligence (i.e., intellectual abilities used to identify
complex relations among stimuli and draw subsequent
inferences). Labouvie-Vief and Gonda (1976) provided test-
preparation training to four groups of older adults.
Results indicated that the training group given items to
practice showed the strongest positive effects on anxiety
and fluid abilities. This type of training was superior to
the other training conditions (i.e., how to perform
intellectual tasks, how to cope with anxiety and failure,
and no training).

Paniccuci (1974) provided training on fluid
intelligence tasks to two groups. Participants in the first
group practiced the tasks, without being provided specific
instructions on how to solve the tasks. The second group
was specifically trained in the solution of fluid
intelligence tasks. Results showed that the first group
significantly outperformed the second group. Similar
results have been obtained by Plemons, Willis, and Baltes

(1978), and Willis et al. (1981). Paniccuci's explanation
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for these results was that simple exposure to problems
allowed them to become familiar with upcoming cognitive
tasks. As they practiced the tasks, they may have rehearsed
strategies that helped them perform efficiently, with higher
levels of motivation and lower levels of anxiety. Such
exposure thereby resulted in a decrease in participants'
anxiety levels. This explanation was confirmed by research
conducted by Hofland, Willis, and Baltes (1981) who observed
decreases in anxiety for those given an opportunity to
practice tasks requiring fluid intelligence.

Fluid and Crystallized intelligence

The use of practice problems that require a particular
conmponent of intelligence (i.e., fluid or crystallized
intelligence) for their solution has been investigated by
few researchers. One reason for the small number of efforts
in this area may be due to the long-time disagreement among
researchers regarding the components of intelligence.

Four theoretical positions presented throughout this
debate have influenced empirical research on intelligence.
Spearman's work, initially conducted around the year 1904,
suggested the existence of a general dimension of
intelligence. This "g factor" was thought to underlie all
purposeful intellectual products. Any remaining
intelligence was thought to be task or item specific. This
theory was embodied in Simon and Binet's family of

assessment devices. Another theory of intelligence was
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developed by Thorndike and Woodworth (1901). According to
Thorndike and Woodworth, there were different dimensions of
intelligence. Wechsler's work exemplified this approach by
specifying 11 distinct scales that were later combined into
two broad dimensions (i.e., verbal and mathematical).
Thurstone (1938) developed a third theory in which he stated
intelligence was composed of factorially simpler dimensions.
These dimensions, called primary mental abilities, were
included on assessment instruments developed by the
Educational Testing Service. Finally, a fourth theory was
developed from second-order factor analyses of the primary
mental abilities conducted by Cattell (1963) and Horn
(1982). These analyses have resulted in the specification
of higher-order dimensions, such as fluid and crystallized
intelligence.

The theory of fluid (Gf) and crystallized (Gc)
intelligence is perhaps the most popular theory of
individual differences in human cognition (Stankov & Chen,
1988). Both crystal and fluid intelligence involve
processes such as reasoning, concept formation and
attainment, problem solving, and the eduction of relations
and correlates. 1In short, they both require processes
typical of intelligence tests. Yet, the two components are
believed to be distinct from one another. The distinction
between the components is supported by neurological studies

showing differential effects for brain damage and cerebral
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lateralization (Stankov, 1983). Also, research on genetics
shows that Gf and Gc have independent elements that are
inherited. Finally, developmental evidence has indicated
that Gf and Gc follow different patterns of change over
one's lifespan.

Previously, the distinction between these two types of
intelligence was based on the nature versus nurture
argument. Cattell (1971) postulated that Gf was mostly
genetically determined, whereas Gc reflected the investment
of genetic potential in events emphasized by our culture.

On this basis, it was assumed fluid intelligence was less
amenable to changes based on learning than was crystallized
intelligence. However, it is now believed that the most
important feature distinguishing fluid from crystallized
intelligence is the nature of, not the sheer presence of,
learning that contributes to the formation of these two
abilities.

According to the literature, fluid intelligence
reflects largely idiosyncratic and casual learning that
occurs outside organizéd educational systems via experience.
Such learning is most often displayed in novel situations
through abilities that are readily accepted as indicative of
intelligence (e.g., problem-solving abilities). The basic
processes of fluid intelligence involve identifying complex
relations among stimulus patterns and drawing inferences on

the basis of those relationships. Such processes are
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measured on cognitive tasks, wherein performance is not
greatly aided by an individual's breadth of knowledge (Horn,
1982). A few examples of the type of tasks that require
fluid intelligence to solve are: letter series, paper
folding, visual recognition, and matrices.

In contrast, crystallized intelligence reflects lessons
organized in culture. It pertains primarily to factual
knowledge (e.g., spelling, vocabulary, analogies,
computations, mathematical word problems) that is learned
via formal education. A person's level of crystallized
intelligence is manifested by breadth of knowledge,
sophistication, comprehension of communication, judgment,
quantitative thinking, understanding of conventional
interpretations, and general wisdom (Horn, 1982). All of
these manifestations are influenced by an individual's
motivational system of reward and punishment.

While evidence exists for Gf and Gc abilities, many
researchers are speculative about the stability of these
abilities over an individual's life span. Several
investigators describe intellectual functioning from a
normative perspective. For example, Blieszner, Willis, and
Baltes (1981) postulated that intellectual functioning, in
general, peaks at a young age, remains relatively stable
through middle age, and then declines through old age.
Bayley (1955) believed that general intelligence continues

to rise to at least age 50. Similarly, Green (1969)
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demonstrated that intelligence, as measured by the Wechsler
Adult Intelligence Scale, continues to rise until about age
65. In contrast, some researchers (e.g., Jones, 1959;
Wechsler, 1958) suggested that general intelligence declines
between ages 25 and 65. Yet others, like Horn (1986) and
Stankov (1988), argued that performance on both types of
intelligence (Gf and Gc) increases only until about age 20.
After age 20, Gc abilities remain either at the same level
or improve slightly, but Gf abilities decline.

The decreases in fluid abilities, as Horn (1986) and
Stankov (1988) suggest, have been detected primarily in the
short-term memory and performance speed of older adults.
Such declines are believed to be a result of losses in a
person's capacity to maintain spontaneous alertness,
intensively focus and concentrate, and be aware of
organizational patterns. More limited attentional processes
may also lead to declines in fluid abilities (Stankov,
1988). Such decreases in capacity are similar to behavioral
changes that accompany sensory and neurophysiological
changes in the body. Thus, some researchers (e.g., Horn,
1985) believe it is the loss of these capacities that lead
to a decline in fluid abilities during the middle and later
years of adulthood.

Other researchers, however, have investigated factors
unrelated to biological deficits that may be responsible for

the general decline in abilities of older adults. These
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factors included: the complexity and familiarity of a
situation, and the generation in which the individual was
born. To examine the first factor, a longitudinal study was
conducted by Schaie (1983) and Schaie and Hertzog (1986).
They assessed a large number of individuals using measures
of fluid and crystal abilities. On average, intelligence
was found to rise into the individuals' late 30s or early
40s, then stabilize until their mid-50s or early 60s.
Average decrements from age 53 to 60 were small, and they
were only found for number and word fluency abilities.
Beyond age 60, greater declines were reported. However,
many individual differences existed (i.e., very few people
showed a decline across all abilities). In fact, no
individuals in their sample showed a universal decline on
abilities until approximately age 80.

The results of Schaie's research showed that the level
of an older individual's cognitive skills may depend on the
selective maintenance of specific abilities. Abilities that
are regularly utilized remain fairly constant; however,
those that are not routinely utilized tend to decline,
particularly in a highly challenging, complex, or stressful
situation (Kliegl & Baltes, 1987). As a result, an
individual's most competent behavior occurs under familiar
circumstances. Thus, it appears that environmental, rather
than biological, factors (e.g., stress, structure) are more

responsible for decreased competence.
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Schaie (1979) also examined the relationship between an
individual's level of cognitive skills and the generation
during which he or she was born. In his research,
generation differences indicated that for many abilities,
earlier generations functioned at lower levels than later
generations at the same chronological age. Similarly, Flynn
(1984) and Willis (1985) reported differences in levels of
mental abilities across generations. These generation
differences may indicate educational and environmental
deficits, rather than biological declines in ability or
potential.

Thus, it seems that deficits resulting from external
influences (i.e., education and environment) may provide an
explanation for the lower performance of older individuals.
Higher levels of performance for younger individuals who had
increased educational opportunities and improved life-styles
indicate an advantage for later generations (Fries & Crapo,
1981). Subsequently, it appears that a biological decrement
model of intelligence has been overemphasized, and
intelligence is more modifiable than traditionally believed
(Jarvik & Cohen, 1973). It is therefore reasonable to
assume that many of the generation-related disadvantages can
be compensated with suitable educational interventions
(Schaie, 1990).

Currently, the literature consists of a few

experimental field studies designed to examine educational
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interventions in relation to intellectual abilities. One
such piece of research was conducted by Caruso, Taylor, and
Detterman (1985). They reviewed investigations that
reported training effects on crystallized intelligence.
Participants in these investigations were primarily
preschoolers; however, some primary school, mentally
retarded children, and adults were also included. Caruso et
al. (1985) focused on a global measure of crystallized
intelligence and found that 40-60% of the investigations
reported negative findings for training. Those that
reported positive results showed an increase only of a few
points on the intelligence score.

A limited number of studies examine educational
interventions related to intelligence for the adult
population. Almost all of these studies focus on
interventions designed to enhance fluid intelligence, since
it is believed by many researchers to decline through
adulthood. In one such investigation (Willis et al., 1981),
participants were given extensive training on creative
problem solving over a three-year period. Results showed
training effectively improved older adults' performance on
tasks that required the use of two fluid abilities (i.e.,
inductive reasoning and figural relations). These effects
were maintained for three post-~test occasions over a six-
month period.

Research by other individuals (e.g., Denney & Heidrich,
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1990; Labouvie-Vief, 1976; Willis & Schaie, 1986) also
suggests that the relatively poor performance of older
adults on some aspects of fluid intelligence can be enhanced
with training. Denney and Heidrich (1990) investigated
training effects on fluid intelligence, as measured by the
Raven's Progressive Matrices. They found that performance
on these matrices decreased with increasing age; however,
training significantly improved performance. Further,
training effects did not differ as a function of age. 1In
sum, through training, performance on the Raven Matrices has
been significantly improved.

Blieszner et al. (1981) administered a battery of tests
adopted from the Adult Development and Enrichment Project
(ADEPT) to older adults to investigate the effects of
cognitive training on the performance of induction tasks.
They found the largest training effects for fluid
intelligence on tests administered one week and one month
after training. Large practice effects, indicative of
ability-extraneous factors like test-wiseness, were also
found for the training and control groups. Blieszner et al.
(1981) concluded that intellectual performance can be
modified through short-term cognitive interventions, and
that such modification is possible across the entire life
span. Plemons et al. (1978) arrived at the same
conclusions. These findings contribute to the view that

middle and older adults continue to have the capacity to
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benefit from training efforts (Baltes & Willis, 1982),
particularly those related to fluid intelligence. However,
specific types of training programs (e.g., general test-
taking, cognitive skill test-preparation) have not been
fully explored to identify which are most effective for
these individuals on tasks requiring fluid or crystallized
intelligence.
Present Research Hypotheses

Differences in test performance between younger and
older adults were found by some investigators. Three
explanations for the poorer test performance of older adults
were: 1) a deficit in the biological make-up of older
adults caused their cognitive abilities to decrease; 2)
their generally high anxiety levels, low motivation levels,
and high levels of helplessness led to reduced test scores;
and 3) their reduced levels of education and greater elapse
of time since formal schooling led to a general deficit in
test-taking skills and a reduced use of cognitive skills
(i.e., lack of test preparation). The final explanation was
explored in the present research.

This explanation was investigated in an effort to
minimize test score differences related to the lack of test
preparation. Test-preparation training focused on general-
test taking skills and test content. A number of strategies
were included to develop general test-~taking skills. These

strategies included time-management techniques, deductive
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reasoning strategies, and anxiety reduction methods.
Exposure to test content was accomplished by practicing with
problems that required fluid and crystallized intelligence
to solve. Such exposure and practice was believed to
increase the use of cognitive skills. These types of test-
preparation materials were adopted to minimize the negative
effects of external factors (i.e., lack of test preparation)
that may inaccurately indicate an individual's loss in basic
test-related abilities.

More specifically, the present research compared the
effects of test-preparation training interventions (i.e.,
general test-taking skills and test-related content skills)
on fluid and crystal ability test score composites. A set
of experimental tests was administered to participants
before (time 1) and after (time 2) the training intervention
to measure differential increases across the training
interventions and age categories (i.e., under 40, 40 and
over). While a variety of age subgroups exist in the
literature, under 40 and 40 and over age categories were
chosen because of pragmatics, and the recent enactment of
the Age Discrimination Law that protects those age 40 and
over against discrimination in the employment setting.

Based on the research findings on test-preparation and
intellectual functioning, test-preparation training was
expected to influence participants' test scores and their

motivational and attitudinal dispositions toward test
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taking. It was expected that with training, their test
dispositions would become more favorable (e.g., increased
motivation, decreased anxiety) and test performance would
increase. Also, participants' test dispositions were
expected to be related to their test performance. For
example, a decline in anxiety and an increase in motivation
would be related to improved test performance.

Four hypotheses were tested in the present research.
The hypotheses and their rationale are as follows:

Hypothesis 1:

Larger increases in test scores from time 1 to time 2
are expected with test-preparation training than with no
training.

Corollary: The largest increase in test scores
over time is expected for those who receive both types of
training (i.e., general test-taking and test-related content
skills). The order of the remaining training groups is as
follows: test-related content skills, general test-taking
skills, and no training.

Larger increases in time 2 test scores are expected
after test-preparation training, because the negative
effects of external factors that operate in a testing
situation should be minimized. Regression analyses will
help to demonstrate that individuals' skills will be updated
and refreshed, causing them to be more prepared for the

test. Consequently, a better estimate of test-related
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ability will be obtained.

Training on general test-taking and cognitive skills,
rather than on just one of these skills, should lead to
larger increases in test scores because each type of
training contains different information. Training on
general test-taking skills focused on skills that are
extraneous to the test content. These skills can be
employed in many testing situations. Training on cognitive
skills, on the other hand, focused on the review and
practice of skills required to solve items on a particular
type of test. Thus, those receiving both parts of the
training are expected to be the most prepared for subsequent
tests.

Of those receiving instruction either on general test-
taking skills or cognitive skills, training on the cognitive
skills should lead to larger increases in test scores at
time 2. This portion of the course is more relevant to the
content of the test; therefore, the transfer of learning
should be greater from the cognitive skills training to test
performance. Thus, those individuals who reviewed and
practiced test-related problems exercises are expected to be
the most prepared for test-taking.

Hypothesis 2:

While test scores for individuals in both age
categories are expected to increase from time 1 to time 2,

larger increases in fluid and crystal test scores are
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expected for those age 40 and over who receive training.
Therefore, test score differences between individuals in the
age categories will be reduced over time.

The literature showed that older adults in general have
received a lesser amount of education than younger adults.
Coupled with a reduced level of education is the greater
lapse of time since older adults have been in a formal
school environment. As a result, older adults have not had
any recent testing experiences. Therefore, the testing
situation and test problems are less familiar to those in
the 40 and over age category than those in the under age 40
category. The lack of preparation by older adults is likely
to cause low levels of motivation and high levels of
anxiety, leading to poor test performance.

Test-preparation training is expected to eliminate
factors in the testing situation that are unrelated to the
older adults' true abilities. Thus, while both younger and
older adults are expected to benefit from the test-
preparation training, a differential increase in test
scores, favoring the older adults, is anticipated. The
elimination of extraneous factors that have put older
individuals at a disadvantage should lead to test
performance at time 2 that is more comparable to that of
younger individuals.

Hypothesis 3:

Of those receiving training on cognitive skills,
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greater increases in test scores are expected on the fluid
composite than the crystal composite.

Research has shown that fluid intelligence can be
improved to a greater extent than crystallized intelligence
through training interventions. Because fluid abilities are
learned through idiosyncratic experience and experimentation
with novel situations, whereas crystal abilities are
accumulated throughout formal schooling, tests measuring
fluid intelligence are expected to be most influenced by
short-term training.

Hypothesis 4:

Test-preparation training is expected to lead to more
positive changes in test dispositions (e.g., decreases in
test anxiety) for those who received training than those who
did not.

Because test anxiety has been found to affect
performance negatively, methods to reduce anxiety and
increase motivation constitute a large portion of training
on general-test taking skills. By training individuals to
be properly prepared for the testing situation and test
content, they will develop more confidence in their ability
to succeed than those who receive no training.

Consequently, the anxiety and motivation levels for those
receiving training are expected to have larger decreases and
increases, respectively, than those who did not receive such

instruction.
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However, the largest changes in test dispositions are
expected to occur in those individuals who receive training
on both skill areas. They are expected to be the least
anxious and most motivated before taking the second set of
tests because they also refreshed their cognitive skills and

practiced exercises that were relevant to the test content.
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ITI. METHOD
Participants

Participants were 393 non-management employees of a
large telecommunications company, located in five
metropolitan regions along the East coast. Three hundred
thirty-six participants (86 males and 250 females) completed
the project, and their data were used in analyses. The
ethnic origin of these participants was mixed (i.e., 119
Caucasians, 203 African Americans, 3 Asians, 1 Native
American, 8 Hispanics, and 2 unidentified). At the
beginning of this research, 193 of the participants were
under the age of 40 and 142 of the participants were at
least 40 years of age. One person did not disclose age
information.

Twenty-six percent (N=88) of the participants reported
graduating from high school, 55% (N=185) of the participants
reported receiving some college education, and the remaining
19% (N=63) reported either graduating from college or
receiving some advanced college education.

At the telecommunications company, the participants
held positions from eleven different job families. These
job families are: 1) Brief Non-Sales Interaction; 2)
Customer Services, Sales, and Collection; 3) Technical

Support; 4) Technical Administration; 5) Maintenance
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Administration; 6) Clerical and Administrative Support; 7)
Warehouse, Transportation, and Coin Collection; 8) Repair
Service; 9) Construction Support; 10) Mechanical; and 11)
Marketing. The participants had held their job titles for a
mean of 6.5 years, and worked for the company for a mean of
13.5 years. Fifty-six percent of the participants (N=187)
held job titles in either the second or sixth job families.

Participants were assured that the information obtained
during the investigation would be reported only in aggregate
form, thereby maintaining their anonymity. Individual test
scores also remained confidential, unless after receiving
test feedback, they chose to send their scores to the
employment office.
Design

The research employed two designs that were formed from
the six treatment groups shown in Table 1. The first, a
Solomon (1949) Four-Group Design, was used to examine the
influence of testing at time 1. For this design, a two
(Pre-test) by two (Training) analysis of variance of post-
test scores was conducted. Pre-test and Training were
between-subject factors. The Pre-test factor represented
whether participants took the tests at time 1. The Training
factor represented whether participants received test-
preparation training.

The Solomon Four-Group Design included only Groups 3-6.

The groups differed in two respects: whether a pre-test was
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administered before training, and the type of training
intervention provided. In Group 3 (TBT), the pre-test was
administered at time 1, participants received training for
both the general test-taking and cognitive skills, and then
a second set of tests was administered. 1In Group 4 (TXT), a
control group, the pre-test wasbadministered, participants
received no formal course training, and then a second set of
tests was administered. As a manipulation check for
practice effects, the pre-test was not administered to Group
5 (XBT), participants did receive training for both the
general test-taking and cognitive skills, and then the
second set of tests was administered. Finally, in Group 6
(XXT), another control group, participants did not receive
the pre-test or training, but the second set of tests was
administered.

Tests were administered twice to the XXT group for
company-related purposes. However, for this research
investigation, only the test and questionnaire information
obtained during time 1 was used. This information was
treated as if it were time 2 information in the data
analyses for the XXT group.

The second design in this research was a 4
(Experimental Training Groups) by 2 (Age) by 2 (Time) by 2
(Prepost Measurement) repeated measures design employed to
examine the effects of different types of training.

Experimental Training Groups and Age were between-subject
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Treatment Groups

53

TREATMENT FIRST TRAINING INTERVENTION SECOND
GROUP SET OF SET OF
‘ TESTS TESTS
1 Yes Instruction on General Yes
Test-Taking Skills Only
(TGT)
2 Yes Instruction on Basic Yes
Cognitive Skills Only
(TCT)
3 Yes Instruction on Both General Yes
Test-Taking And Basic
Cognitive Skills
(TBT)
4 Yes No Class Instruction Yes
(TXT)
5 No Instruction on Both General Yes
Test-Taking And Basic
Cognitive Skills
(XBT)
6 No No Class Instruction Yes

(XXT)

factors. Time and Prepost Measurement were within-subject

factors. Each of these factors are defined as follows.

Unlike the first design, this design included Groups

1-4. In Group 1 (TGT), the pre-test was administered,

participants received training on general test-taking

skills, and then the second set of tests was administered.
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In Group 2 (TCT), the pre-test was administered,
participants received training on basic cognitive skills,
and then the second set of tests was administered. Groups 3
(TBT) and 4 (TXT) were described previously. Also, refer to
Table 1.

Information provided on a questionnaire was used to
place participants into one of two age categories: under
age 40, or 40 years of age and over.

A within-subject factor, Time, was defined as the
occasion during which participants completed questionnaires
and tests. Specifically, time 1 represented the tests and
questionnaires that were administered before training. Time
2 represented the tests and questionnaires that were
administered after training.

Another within-subject factor, Prepost, was not
included in the design when test score composites were
examined. The Prepost factor was, however, included in the
design when test dispositions were assessed. The Prepost
factor refers to the questionnaires completed before and
after test administrations at time 1 and time 2.
Specifically, pre-measurement represented participants’
questionnaire responses before the tests; whereas, post-
measurement represented gquestionnaire responses after
completing the tests.

Each treatment group contained 56 employees.

Participants were randomly assigned to the treatment groups.
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Three different classes in varied geographical regions were
formed for each treatment group. Each class consisted of
people from different age categories (i.e., under age 40,
and age 40 and over). Also, each class contained people
from different job families. An example of a schedule for
two treatment groups that met all of the above requirements
is given in Table 2.
Questionnaires

Participants were asked to complete several
questionnaires throughout the research investigation.

Before the first set of experimental tests, they were given
a Background Information Sheet that requested them to
provide their name, sex, race, age, education level, work
site location, and current job title. It also contained
questions pertaining to previous occasions on which they may
have taken ability tests. See Appendix A for a copy of this
questionnaire.

A questionnaire was developed to assess participants!
dispositions before and after taking the tests. Before both
administrations of the experimental tests, participants were
given a Pre-Test Questionnaire (see Appendix B). They were
asked to respond to 41 items that measured their
motivational and attitudinal dispositions to tests. All of
these items were adapted from Arvey, Strickland, Drauden,
and Martin's (1990) Test Attitude Survey (TAS). The items

were rated on a 5-point agree-disagree response scale, with
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Table 2

Schedule for First Class Receiving Training Intervention

TREATMENT TRAINING METROPOLITAN
GROUP INTERVENTION REGION

1 General Test-
Taking Skills Only Region 1
(TGT)

1 General Test-
Taking Skills Only Region 2
(TGT)

1 General Test-
Taking Skills Only Region 3
(TGT)

2 Basic Cognitive
Skills Only Region 4
(TCT)

2 Basic Cognitive
Skills Only Region 5
(TCT)

2 Basic Cognitive
Skills Only Region 1
(TCT)

1 anchored as strongly disagree and 5 as strongly agree.

The items measure nine factors: Motivation, Lack of
Concentration, Belief in Tests, Comparative Anxiety, Test
Ease, External Attribution, General Need Achievement, Future
Effects, and Preparation. According to the test-preparation
and anxiety literature, each of these factors contributes to
an individual's overall disposition towards test taking,

which in turn may influence test performance. Arvey et al.
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found the internal consistency reliabilities of these nine
factors to be relatively high (i.e., ranging from .56 to
.85). In addition to its reliability, this instrument has
been found to be sensitive to different variations of
employment tests.

Slight modifications were made to the items as they
appear on the TAS. The items' verb tense was changed from
past to future, since this instrument was completed before
each test. Also, items from each factor were interspersed
throughout the instrument, instead of listing all of the
items from a particular factor in a group. One additional
item, developed to gather information on the familiarity of
the type of test problems used in the present research, was
listed last on the questionnaire. Participants took
approximately 25 minutes to complete both the Background
Information Sheet and the Pre-Test Questionnaire.

After both administrations of the experimental tests,
participants were given a Post-Test Questionnaire (see
Appendix C). The items on this instrument are similar in
content to those on the Pre-Test Questionnaire, with the
exception of one item. This item was added to measure
participants' beliefs in tests. All items on the Post-Test
Questionnaire were worded in the past tense, like those on
the TAS, since they were answered after each administration
of the experimental tests. Participants needed

approximately 15 minutes to complete this instrument.
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The present research also utilized questionnaires that
related to past and present educational courses, as well as
other types of test-taking preparation. The first
questionnaire, the Pre-Course Questionhaire, was distributed
to everyone who received a training course intervention
(i.e., TGT, TCT, TBT, and XBT). See Appendix D for a copy
of this instrument. This questionnaire was distributed to
TGT, TCT, and TBT participants after the first experimental
tests and Post-Test Questionnaire were completed.
Participants in the XBT group, who did not receive the first
set of experimental tests, completed this questionnaire
during the first session after the Background Information
Sheet.

The Pre-Course Questionnaire consisted of 6 items
designed to gather information from these participants about
continuing education courses that they had taken in the
past, both within and outside of the company. Five minutes
were needed for completion of this questionnaire.

The equivalent to this instrument for those who did not
receive a training course intervention (i.e., TXT and XXT)
was the Test-Taking and Preparation Background
Questionnaire. See Appendix E for a copy of this
instrument. Like the Pre-Course Questionnaire, this
instrument was completed after the first tests and Post-Test
Questionnaire. It consisted of 5 items designed to gather

information from these participants about continuing
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education courses that they had taken in the past, both
within and outside of the company. Five minutes were needed
for completion of this questionnaire.

After everyone completed the second set of experimental
tests and Post-Test Questionnaire, those participants who
received some type of formal course instruction completed
the Post-Course Questionnaire (see Appendix F). This
instrument was designed ﬁo obtain feedback regarding the
course content and delivery. On this instrument,
participants were asked to rate 25 statements, using a 5-
point agree-disagree scale with 1 anchored as strongly
disagree and 5 as strongly agree. There was also a question
asking participants to report the number of hours they spent
outside of class on test-related preparation. At the end of
the instrument, space was provided for any additional
comments. This questionnaire took approximately 15 minutes
to complete.

Finally, those participants who received no course
instruction (i.e., TXT and XXT) completed the Review
Questionnaire (see Appendix G). This instrument was
completed after they had finished the second set of
experimental tests and Post-Test Questionnaire. It
consisted of two items, and was designed to obtain
information about the amount and type of test-preparation
that participants had undertaken on their own since taking

the first set of experimental tests. This questionnaire was
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completed in approximately 5 minutes.
Experimental Tests

Seven standardized paper and pencil tests in multiple-
choice format were used in this research investigation.
These tests were extracted from a non-management test
battery and an entry-level management test battery designed
to reflect cognitive ability factors required for the
performance of a variety of jobs within the company.

Non-Management Test Battervy

Three of the tests used in this research were selected
from a non-management selection test battery composed of 16
tests. The three tests were chosen on the basis of their
shared importance to the performance of numerous jobs (i.e.,
the three tests are included in a number of non-management
test batteries for craft, clerical, and customer contact
jobs), and the company's subsequent interest in providing
education to its employees that is related to these
particular tests.

Each test was relatively short, in terms of the number
of items and amount of time required for its administration.
Two parallel forms of each test, developed by Kehoe (1983),
were used in the present research. Participants received
one form of the tests during time 1 and the second form of
the tests during time 2.

The content of each test was similar to the content of

exercises included in the training on basic problem-solving.
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The three tests in the non-management test battery are
described next.

Test 1-Detail Perception. This test was composed of 56
problems, requiring 6 minutes to complete. The problems
were separated into six timed sections, and measured the
ability of perceptual/clerical speed. In this test, the
examinees were required to make very rapid perceptual
discriminations among a series of four pairs of names,
addresses, telephone numbers, dollars and cents, letters,
combinations of letters and numbers, or geometric symbols
arranged in adjacent rows. They were to identify which pair
contained a difference or discrepancy in corresponding
elements. The other three of the four pairs had no errors
or mistakes. This activity resembled tasks such as
proofreading or inspecting objects on an assembly line.

Test 2-Computational Facility. This 10-minute test
contained 20 problems. The problems were designed to
measure an examinee's ability to carry out numerical
computations, involving addition, subtraction,
multiplication and division with fractions, decimals and
percentages. The problems were expressed frequently in time
or monetary units.

Test 3-Number Groups. The purpose of this 10-minute
test was to measure inductive reasoning skills. Twenty
three- or four-digit number sets were presented to the

examinee. The number set that was different from the other
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three sets in terms of an inferred principle had to be
identified. |

Kehoe (1984) assembled summary statistics for each of
the tests from a number of past reliability and validation
studies. Because of the populations' degree of
heterogeneity, the reliabilities for the tests were adjusted
accordingly. This was accomplished by computing a
"standard" reliability for each test-sample combination
(Lord & Novick, 1968). The "standard" reliability values
were then averaged across samples to yield a single
"standard" index of reliability for each test (Kehoe, 1984).
The following are the average "standard" reliabilities,
corrected for range restriction, for each of the tests
described above: Detail Perception (.92), Computational
Facility (.80), and Number Groups (.83). Average observed
internal consistency reliabilities (i.e., alpha
coefficients) were reported as follows: Detail Perception
(.72), Computational Facility (.77), and Number Groups
(.80).

Entry-ILevel Management Test Battery

The remaining four tests used in the present research
comprise one of the selection batteries that candidates must
successfully complete for the company's entry-level
managerial positions. Prior to the present research
investigation, non-managéﬁent employees had to be nominated

by their supervisors to take this test battery with the
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prospect of a possible promotion into the management ranks.
Soon before this research investigation began, the company
policy changed, allowing non-management employees to
nominate themselves to take this test battery. Consequently,
the company quickly identified the growing need for a test-
preparation course that would help employees refresh their
basic cognitive skills necessary for this test battery.

Similar to the tests selected from the non-management
test battery, these tests were relatively short, in terms of
the number of items and amount of time required for their
administration. Two parallel forms of each test, developed
through studies conduéted by Adams (1983), were used in the
present research. Participants received one form of the
tests during the first meeting, and received another form of
the tests during the last meeting of the investigation.

The content of each entry-level management test was
similar to the content of exercises included in the training
on basic problem—solviﬂg. The four tests in the entry-level
management test battery are described next.

Test 1-Quantitative. This 20-minute test measured the
ability to solve mathematical computations. Individuals
were given 50 problems that contained two quantitative
statements. They were requested to determine if one
statement was larger than the other, if the two statements
were equal, or if not enough information was given to

determine the quantitative relationship.
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Test 2-Writing Fluency. Individuals were given 10
ninutes to complete 20 problems. In this test, the
examinee's ability to recognize correct spelling and
appropriate grammatical structure was measured. A sentence
with three underlined parts was presented. Individuals were
asked to indicate which if any of the three underlined parts
was in error.

Test 3-Reading Accuracy. This test contained 20
problems, and required 10 minutes to complete. The purpose
of this test was to measure an individual's ability to read
and comprehend verbal statements. Individuals were
presented with a sentence containing an underlined word.

The meaning of the word had to be derived from the content
of the rest of the sentence in which it was embedded. The
individual then had £0~se1ect the definition of the
underlined word from four alternatives.

Test 4-Following Directions.. This 10-minute test
contained 24 problems designed to measure the ability to
follow directions as well as resistance to interference.
Individuals were presented with 14 written directions that
asked them to locate a number in a matrix. While completing
the written problems, a series of 10 recorded spoken
directions periodically interrupted the examinees, asking
previous answers to be changed.

According to Adams (1982), the internal consistency

reliabilities (i.e., alpha coefficients) for each of the
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tests are as follows: Quantitative (.91), Writing Fluency
(.61), Reading Accuracy (.71), and Following Directions
(.85).

Classification of tests

Each test was classified according to whether the
problems in that test required more of a participant's fluid
or crystal abilities to solve. Seven people served as
raters. Each rater was a company employee in the department
responsible for the development and administration of
selection test Batteries; therefore, all raters were very
familiar with the tests.

The following procedure was used to classify each test.
First, raters were provided with detailed definitions of
fluid and crystal abilities (Horn, 1982). They were also
given examples of exercises and tests that have been used in
the past to measure each type of ability (Horn, Donaldson, &
Engstrom, 1981). Second, each rater was given a sample of
items from 16 perceptual and cognitive tests in the Basic
Skills Tests battery for Business, Industry, and Government
(Psychological Services, Inc., 1985). Raters were given
time to review the definitions and sample items. They then
independently formulated ratings for each sample test. Each
rating was based on three choices: the test measured fluid
abilities, the test measured crystal abilities, or the test
could not be categorized becauselthe rater was undecided as

to what ability was being measured. Each item was then

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



66
discussed as to whether it required fluid or crystal ability
to solve using a consensus meeting format. That is, ratings
were presented one rater at a time, rationales were
presented when any discrepancies occurred, and ratings were
discussed until a consensus rating for each item was reached
by the raters.

Next, raters were presented with a description, as well
as a sample item, from each test used in the present
investigation. Based on definitions and examples given
earlier, they were asked to rate each test as to whether it
required fluid or crystal ability to solve using the same
consensus meeting format.

As a result of this process, the following inter-rater
reliabilities for each test were computed using individual
ratings: Detail Perception (.86), Computational Facility
(1.00), Number Groups (1.00), Quantitative (1.00), Writing
Fluency (1.00), Reading Accuracy (1.00), and Following
Directions (.71). Consensus ratings were then used to
classify each test, producing the following results. For
purposes of this research, three tests, Detail Perception,
Number Groups, and Following Directions, were classified as
requiring more of an individual's fluid intelligence to
solve. The test scores on these three tests were combined
to form a fluid ability test score composite. The remaining
four tests, Computational Facility, Quantitative, Writing

Fluency, and Reading Accuracy were classified as requiring
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more of an individual's crystal intelligence to solve. The
test scores on these four tests were combined to form a
crystal ability test score composite. These composites were
used for data analyses.

Administration of Tests and Questionnaires

Seven individuals administered the questionnaires and
experimental tests during this investigation. Five of these
individuals were employed at the company's headquarters in
the department responsible for the development and
administration of selection tests. The remaining two
individuals were company employees in human resources
departments located in metropolitan areas. All
administrators were familiar with the test materials and
testing procedures.

For the test administrators, a one and one-half hour
training session was conducted. During training, their
function was reviewed and a 25-page training manual was
distributed. The training manual included: an outline of
necessary supplies (e.g., pencils, tests, answer sheets,
questionnaires, stop watch), a list of general testing
guidelines (e.g., arrive at the test site early, seat test-
takers diagonally from one another), verbatim instructions
for administering the questionnaires and tests, time limits
for each section, and anticipated questions and answers.
Appendix H contains the training material for the first

testing session that occurred before participants received

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



68
training. Appendix I contains the training material for the
second testing séssion that occurred after participants
received training. Because most of the administrators had
previously given the tests used in the present research,
much of the time in training was spent reviewing directions
for administering the questionnaires, and discussing
anticipated questions and answers.

Test administrators were randomly assigned to each
testing session. Each administrator gave tests throughout
the entire project across several metropolitan regions.
Test-Preparation Course

The test-preparation course examined in this research
was developed for the telecommunication company as part of a
larger company-sponsoredvcontinuing education program. This
particular test-preparation course was designed to help
employees prepare for a company employment test by
familiarizing them with test-taking procedures, conditions,
content, and materials. The focus of the course was on
improving general test-taking skills, refreshing cognitive
abilities, and developing cognitive speed through specially
designed exercises.

All non-managemént employees had the opportunity to
enroll in the test-preparation course free of charge. The
course was scheduled to meet for three hours per session.
Like other continuing education courses offered by the

company, the course was taught by professional instructors
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after work hours at convenient company ;ocations within the
most populated metropolitan regions. The number of regional
locations for the course was determined by employee demand.

Enrollment in company-sponsored continuing education
courses was entirely voluntary. A course could be taken at
any point in an employee's career, as often as desired, and
for whatever reason (e.g., to qualify for a different or
higher rated job, to apply skills to personal life, to keep
abreast of technological and other changes). The majority
of participants in the continuing education program enrolled
to improve job-related skills or knowledge, develop
professionally, or qualify for different or higher rated
jobs (Kugle, 1991). Yet, the number of people taking an
employment test before and after course completion was
relatively small (J. Schneider, personal communication,
1991).

Three different versions of a test-preparation course
were examined in this research. As Suggested by Lykins
(1989), this arrangement allowed a more thorough examination
of course content, so as to determine the specific types and
content of instruction that are effective or ineffective,
and why. One version of the course consisted of instruction
designed to improve general test-taking skills. A second
version consisted of instruction designed to refresh basic
cognitive skills and provide practice on related exercises.

The third version consisted of both types of instruction.
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Each course was highly structured. The designs of the
courses are described next. |

General Test-Taking Course

The first version of the test-preparation course lasted
six hours (i.e., two 3-hoﬁr sessions) and included
instruction only on general test-taking skills. See
Appendix J for an outline of the general test-taking
material and specific information provided to the
instructors; however, proprietary handouts are not included.
This material contained general test-taking information and
techniques that are considered important by previous
researchers for their effects on test dispositions and
performance (e.g., Alford, 1979; Sherman & Wildman, 1982).

As discussed previously, successful test taking is much
more than knowledge of material; it involves special skills
that people must develop and integrate into their test-
taking strategies. The first version of the course was
designed to teach such test-taking skills and techniques,
and to develop awareness of the advantage of using these
strategies to enhance test results (Training and Education
Department, 1989).

Several general test-taking skills and techniques were
taught throughout the course via discussion, handouts, and
exercises designed for skill application. During the first
session, participants were provided with general test-~taking

information. For example, participants were introduced to
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the various uses of tests so that they would understand the
prevalence of testing. A handout reviewed how tests are
used in educational, industrial, counseling, and research
settings. Next, various types of tests and the fact that
employment tests are primarily objective, rather than
subjective, were discussed. This discussion was included to
reduce any perceptioﬁs of test bias or a lack of fairness in
the employment setting. Also, an employment test's
relationship to the job was reviewed to ensure participants
understood the necessity and importance of taking a test.

By discussing this information, as educational researchers
like Covington and Omelich (1981) and Morris and Fulmer
(1976) suggested, individuals' anxiety levels could decrease
and motivation levels could increase in a test-taking
situation.

The first session also included course material that
focused on the concept of "test-wiseness" and specific types
of test-taking skills (Alford, 1979). The purpose of the
course was presented to provide an overview of how the
course could assist participants. This presentation was
then followed by a discussion of participants' own
expectations of the course to focus their energy and effort
toward accomplishing desired course objectives.

Next, the positive effects of test-preparation in terms
of building confidence and reducing test anxiety were

presented. For stress management in a testing situation,
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participants were instructed on how to manage stress through
various physical and mental activities, and numerous timed
exercises. For example, physical activities for relaxation
before and during a testing situation were discussed and
demonstrated. Mental activities for managing test anxieties
and pressures, related to Eysenck's (1979) concept of
perceived control over task performance, were then reviewed.

Then, the instructor reviewed basic principles
important to every test, such as managing time and
completing answer sheets (Sherman & Wildman, 1982). For the
time management instruction, a handout pertaining to methods
of improving speed and accuracy was distributed. These
methods were applied through timed exercises.

The next section of the course involved an in-depth
examination of multiple-choice tests, since those types of
tests are common to employment settings. During this
section, instructors reviewed: the structure of multiple-
choice items, different types of directions, general
strategies (e.g., spotting key words or phrases, selecting
the best alternative), and specific deductive reasoning and
cue—-using strategies (e.g., identifying similar and
conflicting options, grammatical cues) discussed by Sherman
and Wildman (1982) and Woodley (1978). Based on the general
findings in the educational and testing literature, the
teaching of each of these strategies was designed to

encourage participants to feel unintimidated by an

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



73
unfamiliar problem, and to build their confidence for
answering a difficult problem. Throughout this section of
the course, handouts were distributed and exercises were
administered in order for participants to understand and
apply the mechanics involved in taking multiple-choice
tests. For example, during the instruction on following
directions, participants were given exercises that required
them to interpret and apply both written and oral
directions.

During the second half of the general test-taking
skills course, instructors taught the participants tips to
remember information (Hook, 1967). Material was designed to
increase their awareness of specific memory skills in order
to enhance time management and classification techniques.
After reviewing these materials, participants completed
exercises that required the application of such skills as
association and arrangement. Other tips given to the
participants in the form of handouts pertained to: scanning
the test and item types; general guidance for comparing
numbers, names, and addresses; and effective technigues to
make quesses, check responses, and change answers.

During the last portion of the general test-taking
course, instructors attempted to promote student awareness
of the test-taking skills and techniques that had been
acquired. Throughout this section, all phases of general

test-taking techniques were summarized. In addition,
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several practice tests were administered to emphasize
certain learning points.

The second version of the test-preparation course
lasted 30 hours (i.e., ten 3-hour sessions) and included a
review and practice of basic cognitive skills. See Appendix
K for a detailed outline of each session. In this course,
basic cognitive skills were refreshed and practiced to
prepare individuals for the tests in the selection test
batteries. The instructional methods in this course
included inventories, drills, mini-lessons, individual
learning labs, and homework exercises that were developed by
the company's Education Services Department (1989, 1991).

During the first and second sessions, participants
completed mathematical and writing inventories designed to
assess individual skill levels. Based on the results of
these inventories, the instructor distributed two
mathematical workbooks and two writing workbooks that were
appropriate for each person's skill level. These workbooks
were to be completed individually, at his or her own pace
throughout the course, to supplement class instruction. Two
additional books, containing general mathematical and
vocabulary information, were also distributed to the
participants.

During the third session of the course, the instructor

gave a brief overview of the material that would be covered
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during the session, and then administered a drill to review
a specific cognitive skill (e.g., a mathematical drill
consisted of problems using whole numbers and fractions).
After everyone completed the drill, any errors or
difficulties were discussed. The next hour was utilized as
a learning lab. During the learning lab, participants could
receive additional assistance on the class exercises or
complete drills in their workbooks. Also, previous homework
assignments were reviewed and new homework exercises were
assigned. During the last hour of a session, the instructor
provided a mini-lesson to introduce new material (e.g., a
mathematical mini-lesson involved information about
fractions and decimals). One or two mini-lessons were often
introduced per session, depending upon the difficulty of the
material for a particular class. For the mini-lesson,
exercises were given, problems answered incorrectly were
reworked, and then instructors answered any remaining
questions.

The following sessions were similarly formatted to
provide instruction related to each of the basic cognitive
skills (e.g., mathematical, grammar, vocabulary, perceptual
speed and accuracy, and inductive reasoning skills),
corresponding with the tests utilized in this research.

During the fifth and last sessions of the course,
participants completed cumulative mathematical and writing

inventories, similar in format to those taken at the
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beginning of the course. These inventories were scored by
each individual, and errors were discussed. These
inventories were administered to allow an individual to
monitor his or her own progress on relearning basic
cognitive skills. After the final inventory was completed,
any time remaining in the session was used to summarize the
course material.

General Test-Taking and Cognitive Skills Course

The third version of the course lasted 36 hours (i.e.,
twelve 3-hour sessions) and included instruction on general
test-taking and basic cognitive skills. For a detailed
outline of each session, see Appendix L. This course used
the same materials and followed the same instructional
format as the other two courses, but it was a combination of
the two shorter versions. That is, the first, second, and
third sessions consisted of most of the general test-taking
instruction, as well as some cognitive skills instruction.
The next eight sessions consisted only of cognitive skill
instruction. The twelfth and final session consisted of the
remaining general test-taking skill instruction. The
general test-taking instruction was divided among the first
three sessions and the last session to ensure that all
participants, even those who missed one of the beginning
classes, would receive the general test-taking skills
instruction. In addition, this sequence allowed for a quick

review of both types of instruction during the last session.
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Across all three versions of the test-preparation
course, a number of commonalities existed. First,
participants were introduced and an orientation was given to
the course and its contents during the first session. An
attendance sheet was then distributed for each person to
initial; attendance was monitored at each session. Second,
the study guide was reviewed that was mailed to participants
prior to the start of the research. Because company
procedure dictates that a study guide should be given to
everyone who takes the entry-level management test under
normal testing conditions, the same procedure was followed
for this investigation. This practice also ensured that
everyone had equal amounts of exposure to this test, before
it was administered.

Another commonality across all versions of the test~
preparation course concerned the answer sheets. All
instruction with respect to the completion of answer sheets
pertained to the use of optically scanned answer sheets.
Subsequently, sample tests and exercises included in the
course were answered on optically scanned answer sheets.
These answer sheets were also utilized during the test
administration, since they are regularly utilized by the
company in test-taking situations outside of this research.
Thus, practice with the answer sheets in the test-
preparation course could generalize to the company's other

test-taking situations.
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Standardization of Test-Preparation Course

A number of steps were taken to ensure standardization
of each course's content and delivery. First, the same
instructional materials (i.e., workbooks, drills, handouts)
were used in all metropolitan regions. Second, each
instructor received training on the content and delivery of
the course for which he or she was responsible.

These steps were accomplished with a seven-hour
training session that was held at a company location for all
instructors. Instructors were randomly assigned to teach a
version of the test-preparation course that was offered in
the region in which he or she normally worked. Each
instructor had experience teaching company-sponsored
continuing education courses and was familiar with company
procedures (e.g., obtaining course materials, gaining access
to the buildings). However, because the course materials
and format were new, detailed training was given.

During training, the goals and objectives of a test-
preparation course were reviewed, and a 100-page training
manual was distributed. The training manual contained the
following information: notes to the instructors (see
Appendix M), detailed outlines of each course, several
writing and mathematical inventories, homework assignments,
and timed exercises and drills for each cognitive area.
Appendix N contains an example of an exercise or drill for

each cognitive area; however, specific instructional
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material developed by the company's Education Services
Department (1989, 1991) is proprietary. For each inventory,
exercise, and drill, appropriate time limits and answer keys
were supplied. The instructor's copy of the study guide and
a sample of each text book and workbook were also
distributed during training.

All of the information in the manual was reviewed
during the training session. Instructors were told that
their function throughout the course was primarily to:
ensure participants could understand and apply the material;
guide participants through the exercises; and provide
examples of the material when necessary. It was suggested
that instructors relate the material covered throughout the
course to problems encountered in the participants' personal
lives. This practice, as discussed in the educational
literature, enables the material to be presented in a manner
that can be perceived as being more relevant, familiar, and
meaningful to the participants (Covington & Omelich, 1981;
Morris & Fulmer, 1976). Finally, instructors were told to
give each student approximately the same amount of
assistance, unless someone was having extreme difficulty
with the material. Thus, every participant in this
research, regardless of the location at which it was taught,
received the same type and amount of test-taking
information.

Before the first session of every course, each
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instructor was contacted to ensure all course materials and
rosters were received. After every course started, the
instructors were again contacted periodically to discuss the
progress of the class. Finally, the researcher joined a
class for at least one session to ensure a smooth and
standard delivery of each course.

Procedure

A recruitment advertisement was published in the
company's weekly newsletter addressed to those employees who
were interested in moving into entry-level management
positions. The advertisement asked for volunteers to enroll
in a course designed to refresh their test-taking skills,
before taking the test battery that had to be completed
successfully in order to enter a management development
program. In addition to the newsletter, a similar
advertisement was circulated as a bulletin.

Over 2,500 employees who wished to volunteer for the
test-preparation course mailed their name, work address, and
work phone number to the researcher. Volunteers were
randomly contacted and scheduled for a course or test class
near their work location on a first-come, first-served
basis, until all course and test classes were filled.
Classes within a particular treatment group were scheduled
according to the specifications described in Tables 1 and 2.

Classes receiving course instruction were scheduled to

meet in the evening for three hours, twice a week. For
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example, classes in the TGT group were scheduled for four
sessions within a two-week period‘(i.e., the first set of
experimental tests and questionnaires was completed during
the first session, the training intervention was delivered
during the second and third sessions, and the second set of
questionnaires and experimental tests was completed during
the fourth session). The schedules for classes for the
remaining three groups that received training followed the
same pattern (i.e., all necessary questionnaires and tests
were completed during the first session; training was
provided during the intermediate sessions; and all necessary
questionnaires and tests were completed during the last
session). The first session for all course classes began on
the same evening.

The classes for those treatment groups that did not
receive course training (i.e., XXT and TXT) were scheduled
to meet in the evening for two 3-hour sessions, seven weeks
apart, to complete the questionnaires and tests. These
classes started one week after the course training began.

Everyone scheduled for the research received a
confirmation letter and a study guide. When participants
arrived at their designated location, they were given a
brief overview of the investigation by a test administrator.
After the administrator answered any questions, participants
completed an Informed Consent Form (see Appendix O for an

example) and the Background Information Sheet.
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Next, those groups that were administered the
experimental tests twice during the research (i.e., TGT,
TCT, TBT, TXT) completed the Pre-Test Questionnaire. Then,
the first set of experimental tests was administered.
Following the completion of the tests, these participants
responded to statements on the Post-Test Questionnaire. The
remaining two groups (i.e., XBT and XXT) did not complete
the questionnaires since they took the tests only once at
the end of the investigation.

At the conclusion of the first testing session, those
groups receiving some type of course instruction (i.e., TGT,
TCT, TBT, XBT) completed the Pre-Course Questionnaire. The
remaining two groups (i.e., XXT and TXT) completed the Test-
Taking and Preparation Background sheet.

During the second session, the TGT, TCT, TBT, and XBT
groups received a version of the test-preparation course
(i.e., general test-taking skills, basic cognitive skills,
or general test-taking and cognitive skills). Those groups
that did not receive training (i.e., XXT and TXT) were
instructed to return seven weeks later, when they, like the
others who received the longest version of the course, were
administered a set of experimental tests. Refer to Table 1
for each group's assignment.

At the session immediately following the conclusion of
the training course, each group again completed the Pre-Test

Questionnaire, a second set of experimental tests, and the
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Post-Test Questionnaire. Finally, those groups that had
received training completed the Post-Course Questionnaire.
Those groups that did not receive training completed the
Review Questionnaire.

Individuals were considered test-qualified for the
company's entry-level management positions if the following
conditions were satisfied: they met the selection standard
on the tests that comprised the entry-level management test
battery; and the selection standard was attained on at least
one administration of the experimental tests (i.e., time 1
or time 2).

Participants were not told if they passed or failed
either set of the experimental tests until after the
completion of their participation (i.e., for many, after the
completion of the second set of tests). According to
company procedures, an individual was required to wait a
minimum of six months after failing to meet the selection
standard, before taking the tests a second time. However
during this research, the company's standard retest period
was waived for those who volunteered their services and were
required to take the tests twice. To receive this waiver,
volunteers were required to attend 80% of the course
sessions and take all of the required tests.

Individual feedback on the tests that comprised the
entry-level management test battery (i.e., Quantitative,

Writing Fluency, Reading Accuracy, and Following Directions
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tests) was mailed to each participant. The qualification
status on the test battery and relative strengths and
weaknesses on eéch test were indicated.

Analyses

Separate composites for fluid and crystal abilities
were formed by aggregating tests that corresponded to the
ability. These composites were transformed to z-scores.
The z-scores were computed for the collection of scores
across time, experimental training groups, and age groups.
The data were analyzed by means of multiple univariate
analyses of variance, because the research questions
pertained to individual outcome variables (Huberty & Morris,
1989). For example, one quesfion was: With respect to the
fluid and crystal ability test scores, do the training
groups differ?

First, a 2 (Pre-Test) by 2 (Training Intervention)
analysis of variance (ANOVA) design was used to examine the
effects of the pre-test on the tests completed at time 2.
These analyses were conducted with treatment groups
3-6. The sources and their error terms are presented in
Table 3.

Second, a 4 (Experimental Training Groups) by 2 (Age)
by 2 (Time) repeated measures ANOVA design was used to
evaluate the effects of training on fluid and crystal
ability test scores. These analyses were conducted with

treatment groups 1-4. The sources and their error terms are
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Table 3
Summary Table and Error Terms for the Fluid and Crystal
Ability Test Score Composites: Testing Effects

Source Error Term
Pre-Test (P) S/P XTI
Training Intervention (I) s/PX1I

PX1I S/P XTI

Subjects/P X I (S/P X I)

presented in Table 4.

The effects of primary concern in this design were
those involving Time. The Time effect indicated whether
there were differences between the first and second test
scores for fluid and crystal abilities. The Time x Age
Categories interaction indicated whether there were
differences between the first and second test scores across
age categories for fluid and crystal abilities. The Time x
Experimental Training Group interaction indicated if there
were differences across the training groups on the first and
second test scores. The three-way interaction (Time x Age
Categories x Experimental Training Group) indicated if there
were differences between training groups and age categories
on the first and second test scores. Post-hoc analyses were

performed on significant results using Tukey's honestly
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Table 4
Summary Table and Error Terms for the Fluid and Crystal
Ability Test Score Composites: Training Evaluation

Source Error Term

Between Subjects

Age (A) S/A x G
Experimental Training Group (G) S/A x G
AXG S/A x G

Subjects/A x G (S/A x G)

Within Subjects

Time (T) Tx S/A X G
T x A T x S/Ax G
Tx G T x S/A x G
TxAXG T x S/A x G
T x S/A x G

significant difference (HSD) procedure or the Dunn-
Bonferroni procedure.

Next, similar analyses were employed to measure several
potential moderétor variables for their effects on fluid and
crystal ability test scores. These moderator variables
concerned previous participation in testing and
training, and various types of preparation: 1) prior

experience of the tests administered in this research;
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2) prior experience of any type of ability test (e.g., GRE,
SAT, GMAT); 3) previous participation in any of the company-
sponsored continuing education programs; 4) previous
enrollment in the "Test-Taking and Thinking Skills" course;
5) previous enrollment in courses outside of the company
designed to improve general knowledge and skills;
6) enrollment in college courses; and 7) individual
preparation (e.g., practicing mathematical problems, reading
passages) before the first set of experimental tests was
administered.

Analysis of variance was also employed to investigate
the effects of the experimental factors on the test
dispositions measured by the Pre- and Post-Test
Questionnaires. First, a 2 (Pre-Test) by 2 (Training
Intervention) repeated measures ANOVA design was used to
examine the effects of the pre-test on participants' test
dispositions before and after taking the tests at time 2.
These analyses were conducted with treatment groups 3-6.

The next analyses employed a 4 (Experimental Training
Group) by 2 (Age) by 2 (Time) by 2 (Prepost) repeated
measures design to examine training effects on test
dispositions. Added to this design were the responses from
questionnaires given before and after each set of tests
(Pre-post). The sources and their error terms for this
design are presented in Table 5.

The effects of primary concern in this design were
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Table 5

Summary Table and Error Terms for Test-Taking Dispositions

Source Error Term

Between Subjects

Age (A) S/A x G
Experimental Training Group (G) S/A x G
AXG S/A %X G

Subjects/A x G (S/A x G)

Within Subjects

Time (T) T x S/A X G

T x A T x S/A X G

T x G T X S/A XG
TxXAXG T x S/A X G

T x S/A x G

Prepost (P) PxS/AxG
PxA Px S/AXG
PxG PxS/AxG
PxAxXxG PxS/AxG
PxS/A xG

PxT PxTxS/AxG
PxTxA PxTxS/AxG
PxTxG PxTxS/AxG
PxTxAXG PxTxS/AxG
PxTxS/AxXxG
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those involving the Prepost and Time effects. The Prepost
effect indicated whether there were differences in
participants' test-taking attitudes and dispositions before
and after taking a set of tests. The Prepost x Age
Categories interaction indicated whether there were
differences in attitudes before and after a test across age
categories. The Prepost x Experimental Training Group
interaction determined if there were differences in
attitudes across the training groups before and after a set
of tests. The Prepost x Time interaction indicated whether
there were differences in attitudes before and after each
set of tests administered during the investigation. The
Prepost x Age Categories x Experimental Training Group
interaction indicated if there were differences in attitudes
between training groups and age categories before and after
a set of tests. The Prepost x Time x Age Categories
interaction measured any differences in attitudes between
age categories before and after the tests administered
during the investigation. The Prepost x Time x Experimental
Training Group interaction indicated if there were
differences in attitudes between training groups before and
after the tests administered during the investigation.
Finally, the four-way interaction (Prepost x Time x Age
Category x Experimental Training Group) assessed whether
there were any differences in test-taking attitudes across

age categories and experimental training groups before and
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after the tests administered here. Post-hoc analyses were
performed on significant results using Tukey's HSD procedure
for mean differences or the Dunn-Bonferroni procedure.

Correlation analyses were performed to examine the
relationship between test dispositions and fluid and crystal
ability test score composites. Stepwise regression analyses
were also conducted to determine whether participants' test
dispositions before each set of tests contributed to the
variation in test scores.

Last, a 4 (Experimental Training Group) by 2 (Age)
ANOVA design was employed to investigate the effects of
these factors on participants' reactions toward training.
Responses were analyzed for those individuals who received
training to obtain information regarding course content and

delivery.
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III. RESULTS

Overview

The first section of the results examines whether
testing at time 1 influenced testing at time 2 (i.e.,
whether practice effects existed). This section also
examines the effects of the independent variables (i.e.,
Age, Experimental Training Group, Time) on fluid and crystal
ability test score composites. The second section of the
results reports the analyses conducted on potential
moderator variables, such as preparatory classes taken
inside and outside of the company, on fluid and crystal
ability test score composites. The third section examines
participants' dispositions toward test taking, as measured
by the Pre- and Post-Test Questionnaires. The fourth
section examines the relationship between participants:
dispositions toward test taking and fluid and crystal
ability test score composites. The final section presents
participants' responses to the course intervention, as
measured by the Post-Course Questionnaire.
Test Score Composite Analyses

The design of this research paralleled the Solomon
(1949) Four~Group Design, except that two additional
experimental groups were added. The Solomon Four-Group

Design was represented by Groups 3-6 (i.e., TBT, TXT, XBT,
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and XXT). The main effects of testing, training, and the
interaction of testing with training were determined by
comparing these four groups. Thus, analyses were conducted
for these groups to discover whether the first set of tests
(i.e., pre-test) had an impact on the second set of test
scores (i.e., post-test), and to what extent the testing
interacted with the experimental training intervention.

In addition, comparisons related to the hypotheses were
made by examining Groups 1-4 (i.e., TGT, TCT, TBT, and TXT).
Analyses were conducted with these groups to determine
whether training on both of the skills differed from
training only on general test-taking or cognitive skills.
Also, differential effects of training across age categories
(i.e., under age 40, age 40 and over) were examined.

Testing Effects

For Groups 3-6, the effects of testing at time 1 were
examined with a two (Pre-test) by two (Training) analysis of
variance of post-test scores (Solomon, 1949). The purpose
of this analysis was to determine whether the experimental
tests given at time 1 sensitized participants to training
and whether practice effects were present. The dependent
measures were the z-scores of the fluid and crystal ability
test score composites at time 2. Variance components
(Vaughan & Corballis, 1969) and intraclass correlation
coefficients were computed to compare the amounts of rating

variance accounted for by the sources of variation.
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Fluid Ability Test Scores. The results of the analysis
of variance are presented in Table 6. A significant effect
for Pre-test was found. This effect accounted for 11% of
the composite score variance. Those participants who
completed the set of experimental tests at time 1 obtained
significantly greater test scores at time 2 (M=0.249) than
those who did not (M=-0.249).

A significant effect was also found for Training. This
effect accounted for 3% of the composite score variance.
Tukey's HSD indicated that participants who did receive
training scored significahtly greater on the experimental
tests at time 2 (M=0.132) than those who did not receive
training (M=-0.132).

These results indicate that training has a positive
effect on test scores, regardless of whether a pre-test is
given. Similarly, a pre-test has a positive effect on test
scores, regardless of whether training is received. The
interaction between Pre-Test and Training was not
significant.

Crystal Ability Test Scores. The results of the two
(Pre-test) by two (Training) analysis of variance are
presented in Table 7. No significant effects or
interactions were found. Exposure to training or the pre-
test did not lead to greater crystal ability composites at

time 2.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



94
Table 6
Summary of the Analysis of Variance for the Testing Effects
Analyses Using Fluid Ability Post-Test Scores

Source df MS F~Ratio vC ICC
Pre-Test (PT) 1 13.91 15.00%*% .1159 .1079
Training

Intervention (I) - 1 3.89 4,20% .0273 .0254
PT X I 1 1.10 1.19 .0031 .0029
Subjects/PT X I 220 0.93 .9277

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p< .05. %% p < .0l.

Evaluation of Training Intervention Effects
Experimental Groups 1-4 (i.e., TGT, TCT, TBT, TXT) were

used in these analyses to examine the effects of different

types of training. The dependent measures are the z-scores

of the fluid and crystal ability test score composites.
Fluid Ability Test Scores. A summary of the analysis

of variance is presented in Table 8. The results indicated
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Table 7

Summary of the Analysis of Variance for the Testing Effects

Analvses Using Crystal Ability Post-Test Scores

Source af MS F-Ratio vec IcC
Pre-Test (PT) 1 0.14 0.14 -.0077 .0000
Training

Intervention (I) 1 0.90 0.90 -.0009 .0000
PT X I 1 1.59 1.59 .0105 .0105
Subjects/PT X I 220 1.00 1.0017

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,

Variance Component; ICC, Intraclass correlation coefficient.

a significant effect for Age, showing that participants
under age 40 scored dgreater (M=0.731) on the fluid ability
composite than those age 40 and over (M=-1.012). This
effect accounted for 19% of the composite score variance.
Time was also significant, indicating that fluid
ability composites after the training intervention (M=0.418)
were significantly greater than the composites before the

training intervention (M=-0.418). This effect accounted for
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Table 8
Summary of the Analysis of Variance for the Training

Evaluation Analyses Using Fluid Ability Test Scores

Source df MS F-Ratio vC ICcC

Between Subjects

Age (A) 1 77.13 48.61%% .3373 .1941
Experimental Training

Group (G) 3 4.05 2.55 .0220 .0127
AXG 3 2.20 1.38 .0109 .0063
Subjects/A X G 216 1.59 .7934

(S/A X G)

Within Subijects

Time (T) 1 73.08 295.24%%  .3252 ,1871
T X A 1 0.08 0.32 -.0015 .0000
T X G 3 0.54 2.19 .0053 .0030
TXAXG 3 0.19 0.77 -.0020 .0000
T X S/A X G 216 0.25 .2475

Note. Negative variance components were assigned an
intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

** p < .01,
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19% of the composite score variance.

Crystal Ability Test Scores. A summary of the analysis
of variance is shown in Table 9. The results indicated a
significant effect for Experimental Training Group,
accounting for 4% of the composite score variance. Tukey's
HSD showed that the mean score of the crystal composite for
TXT (i.e., the group that took the tests before and after
training, but did not receive a version of the test-
preparation course) was significantly greater than those for
the other three groups. See Table 10 for the specific mean
values.

The Time effect was also significant, and it accounted
for 1% of the composite variance. Those taking the tests
after training scored greater (M=0.084) on the crystal
ability composite than those taking the tests before
training (M=-0.084).

The interaction between Time and the Experimental
Training Group was significant. The mean composite scores
shown in Table 11 were examined within an experimental
training group across time (e.g., time 1 for TGT vs. time 2
for TGT). Tukey's HSD showed that for the groups TCT and
TBT, the time 2 test score was significantly greater than
the time 1 test score. These findings indicate that the
experimental training groups that received instruction on
cognitive skills did increase their crystal ability test

scores. On the other hand, the TGT group, which did not
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Table 9
Summary of the Analysis of Variance for the Training
Evaluation Analyses Using Crystal Ability Test Scores

Source af MS F-Ratio vC ICC

Between Subjects

Age (A) 1 1.50 0.79 -.0018 .0000
Experimental Training

Group (G) 3 7.59 3.99% .0507 .0389
AXG 3 5.80 3.04 .0695 .0533
Subjects/A X G 216 1.90 .9521

(S/A X G)

Within Subjects

Time (T) 1l 3.43 16.25%% .0144 .0111
TXA 1l 0.50 2.36 .0026 .0020
TXG 3 0.80 3.77% .0105 .0081
TXAXG 3 0.04 0.17 -.0063 .0000
T X S/A X G 216 0.21 .2114

Note. Negative variance components were assigned an
intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05. ** p < .01.
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Table 10
Means of Crystal Ability Test Composites for Each
Experimental Training Group

TGT TCT TBT TXT
~0.191 =0.067 -0.374 0.633
(56) (56) (56) (56)

Note. Sample sizes are in parentheses. Any pairwise

difference greater than .610 was statistically significant

(p<.05) using Tukey's HSD procedure.

Table 11

Means of Crystal Ability Test Composites for Each
Experimental Training Group by Time

TGT TCT TBT TXT
Time 1 -0.171 -0.181 -0.334 0.350
(56) (56) (56) (56)
Time 2 -0.021 0.114 -0.040 0.283
(586) (56) (56) (56)

Note. Sample sizes are in parentheses. Any pairwise
difference greater than .256 was statistically significant

(p<.05) using Tukey's HSD procedure.
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receive training related to cognitive skills, did not
significantly improve their test scores from time 1 to time
2. Further, a significant Time difference was not found for
TXT, the group that did not receive any training. This
latter finding suggested the lack of a practice effect for
crystallized intelligence.

Moderator Variable Analyses

Several variables were investigated as potential
moderators to the fluid and crystal test score composites.
The variables concerned previous participation in testing
and training, and various types of preparation: 1) prior
experience with the experimental tests administered in this
research; 2) prior experience of any type of ability test
(e.g., GRE, SAT, GMAT); 3) previous participation in any of
the company-sponsored continuing education programs; 4)
previous enrollment in the "Test-Taking and Thinking Skills"
course; 5) previous enrollment in courses outside of the
company designed to improve general knowledge and skills; 6)
enrollment in college courses; and 7) individual preparation
(e.g., practicing math problems, reading passages) before
the first set of tests was administered.

Testing Effects

For Groups 3-6, the effects of testing at time 1 were
examined with a two (Pre-test) by two (Training) by two
(Moderator Variable) analysis of variance of post-test

scores (Solomon, 1949).
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Fluid Ability Test Scores. The only variable that
produced significant results (p<.05), and therefore
moderated the fluid ability test scores, was previous
enrollment in college courses. This effect accounted for 2%
of the composite score variance, and it indicated that those
who did enroll in college courses scored significantly
greater (M=0.226) on the fluid ability composite than those
who did not enroll (M=-0.087). See Table 12 for a summary
of the analysis of variance.

Crystal Ability Test Scores. Several moderator
variables were found to yield significant effects. One of
the moderator variables referred to whether participants had
previously participated in any of the company-sponsored
continuing education programs. A summary of the results of
the analysis of variance is shown in Table 13. The results
indicated a significant interaction (p<.05) between the Pre-
Test factor and previous participation in continuing
education programs. This interaction accounted for 6% of
the composite score variance.

Tukey's HSD procedure uncovered no significant
differences; therefore, Dunn-Bonferroni comparisons were
used to examine the interaction of means. See Table 14 for
the specific means. Contrasts were formed between the means
for those who did participate in previous programs and those

who did not. The comparisons indicated a significant
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Table 12
Summary of the Analysis of Variance for the Testing Effects
Analyses Using Fluid Ability Post-Test Scores: Enrollment
in College Courses

Source af MS F-Ratio ve Icc
Pre-Test (PT) 1 7.10 7.78%% .0552 .0532
Training

Intervention (I) 1 3.18 3.49 .0202 .0195
College Courses (C) 1 3.70 4.06% .0249 .0240
PT X I 1 0.02 0.03 -.0158 .0000
C X PT 1 1.53 1.68 .0111 .0107
cCXTI 1 0.24 0.26 -.0120 .0000
CXPTXTI 1 2.09 2.29 .0420 .0405
Subjects/ 216 0.91 .9119

CXPT XTI

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05. *% p < .0l.
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Table 13

Summary of the Analysis of Variance for the Testing Effects

Analyses Using Crystal Ability Post-Test Scores:

Participation in Continuing Education Programs

Source af MS F-Ratio vec ICC
Pre-Test (PT) 1 0.85 0.87 -.0011 .0000
Training

Intervention (I) 1 1.48 1.51 .0045 .0041
Continuing Educ. 1 0.35 0.35 -.0056 .0000
Programs (C)

PT X I 1 0.76 0.77 -.0040 .0000
C X PT 1 4.60 4.60% .0646 .0592
CXI 1l 0.94 0.96 -.0007 .0000
CXPrXrt:I 3 2.50 2.55 .0543 .0497
Subjects/ 216 0.98 .9795
CXPrXxXxiI

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05.
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Table 14

Means of Crystal Ability Test Composites for Whether

Participants Enrolled in Company-Sponsored Continuing
Education Programs by Pre-Test

Did Take Did Not Take
The Pre-Test The Pre-Test
Did Participate -0.032 0.123
in Continuing (76) (69)
Education Programs
Did Not 0.145 ~0.262
Participate in (36) (43)
Continuing Education
Programs

Note. Sample sizes are in parentheses. The contrast

effect equalled .562. The confidence interval for the
contrast did not include zero, and therefore was
statistically significant at the .0125 level using

Dunn-Bonferroni comparisons.

disordinal interaction. For those who were involved in
previous programs, participants who did not take the pre-
test obtained significantly greater crystal ability
composites than those who took the pre-test. The opposite
was found for those who were not involved in previous
programs; those participants who took the pre~test scored
significantly greater on the crystal ability composite than
those who did not take the pre-test.

Analyses for whether participants had taken the
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company~-sponsored "Test-Taking and Thinking Skills" course
in the last two years showed that taking this course
significantly influenced crystal ability test scores (see
Table 15). This effect accounted for 4% of the composite
score variance, and indicated that those who had not taken
this course scored significantly greater (M=0.069) on
crystal ability tests than those who had taken the course
(M=-0.316) .

A significant two-way interaction (Company-Sponsored
"Test-Taking and Thinking Skills" Course by Pre-Test) was
also found that accounted for 10% of the composite score
variance. Tukey's HSD indicated that there was a difference
between groups that completed the first set of experimental
tests. Of those who took the first set of experimental
tests, participants who did not enroll in the company-
sponsored "Test-Taking and Thinking Skills" course scored
significantly greater on the crystal ability composite than
those who did enroll in the course. Refer to Table 16 for
specific means.

Evaluation of Training Intervention Effects

Treatment Groups 1-4 (i.e., TGT, TCT, TBT, TXT) were
used in these analyses to examine the effects of different
types of training.

Crystal Ability Test Scores. None of the moderator
variables significantly influenced fluid ability test

scores. However, one variable did significantly affect
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Table 15
Summary of the Anal&éis of Variance for the Testing Effects
Analyses Using Crystal Ability Post-Test Scores:

Participation in "Test-Taking and Thinking Skills" Course

Source af MS F-Ratio vc Icc
Pre-Test (PT) 1 2.65 2.77 .0151 .0134
Training

Intervention (I) 1 2.48 2.60 .0136 .0120
Participation in 1 5.76 6.04% .0429 .0379
Course (C)

PT X I 1 0.25 0.26 -.0126 .0000
CcC X PT 1 7.12 7.47% .1102 .0975
cCXI1I 1 1.76 1.84 .0143 .0126
CXPrXxitI 1 0.76 0.80 -.0069 .0000
Subjects/ 216 0.95 .9541
CXPTrXiItI

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05.
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Table 16
Means of Crystal Ability Test Composites for Whether
Participants Had Taken the "Test-Taking and Thinking Skills"

Course by Pre-Test

Did Take Did Not Take
The Pre-Test The Pre-Test
pid Take "Test- -0.723 -0.014
Taking and Thinking (17) (23)
Skills" Course
Did Not Take 0.159 -0.027
"Test-Taking and (95) (89)
Thinking Skills"
Course

Note. Sample sizes are in parentheses. Any pairwise
difference greater than .702 was statistically significant

(p<.05) using Tukey's HSD procedure.

crystal ability test scores. As shown in Table 17, a main
effect was obtained for participation in the course. Those
participants who did not take the course scored
significantly greater on the crystal ability composite
(M=0.137) than those who did take the course (M=-0.888).

Results also showed two significant interactions of
experimental training groups with the moderator of whether
participants had previously taken the company-sponsored
"Test-Taking and Thinking Skills" course. The nature of
these interactions are described below. However, the

statistical reliability of these interactions must be
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Table 17
Summary of the Analysis of Variance for the Training
Evaluation Analyses Using Crystal Ability Test Scores:

Participation in "Test-Taking and Thinking Skills" Course

Source af MS F-Ratio ve ICC

Between_Subijects

Age (A) 1 0.03 0.02 -.0071 .0000
Experimental Training

Group (G) 3 2.76 1.69 .0101 .0072
Participation in 1 48.31 29.66%% .2084 .148s8
Course (C)

AXG 3 3.09 1.89 .0260 .0186
AXC 1 0.55 0.34 -.0096 .0000
GXC 3 1.77 1.09 .0025 .0018
AXGXC 3 4.66 2.86% .1081 .0772
Subjects/ 208 1.63 .8143
AXGXZC

(S/A X G X C)

Within Subjects

Time (T) 1 1.08 5.40% .0039 .0028
TX A 1 0.30 1.50 .0009 .0006
T X G 3 0.05 0.28 -.0026 .0000
TXC 1 0.07 0.33 -.0012 .0000
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Table 17 (concluded)

Source daf MS F-Ratio vec Icc
TXAXG 3 0.40 1.99 .0070 .0050
TXAXC 1 0.00 0.01 -.0035 .0000
TXGXC 3 0.64 3.20% .0156 .0111
TXAXGXC 3 0.60 3.01%* .0286 .0204
TXS/AXGXZC 208 0.20 .1989

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05. *% p < ,0l.

questioned due to the sample sizes for some of the treatment
cells (e.g., only 5 participants in the TCT group took the
course) .

The first interaction, Company-Sponsored "Test-Taking
and Thinking Skills" Course by Experimental Training Groups
by Time, accounted for 1% of the composite score variance.
Tukey's HSD comparisons across Time holding the Course and
Experimental Training Groups constant revealed no
significant differences. When comparisons were made across

the Experimental Training Groups holding the Course and Time
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constant, nine significant differences were found. For
those who did take the course previously, time 1 crystal
ability composites were significantly greater for
participants in the TGT, TBT, and TXT groups than
participants in the TCT group. At time 2, participants in
the TXT group obtained significantly greater crystal ability
composites than participants in the TGT, TCT, and TBT
groups. For those who did not take the course previously,
time 1 crystal ability test score composites were
significantly greater for those in the TXT group than those
in the TGT, TCT, and TBT groups. At time 2, no significant
differences were found. Interestingly, all comparisons
across Course holding Experimental Training Groups and Tine
constant were significantly different. Each pairwise
comparison showed that participants who had not taken the
course obtained significantly greater crystal test score
composites than those who had taken the course. Refer to
Table 18 for the specific means.

The analysis also showed a significant four-way
interaction (Company-Sponsored "Test-Taking and Thinking
Skills" Course by Experimental Training Groups by Time by
Age) that accounted for 2% of the composite score variance.
Tukey's HSD showed that there were no significant
differences for participants age 40 and over in all
experimental training groups from time 1 to time 2. 1In

addition, no significant differences were found for
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Table 18
Means of Crystal Ability Test Composites for Whether
Participants Took the "Test-Taking and Thinking Skills"
Course by Experimental Training Group and Time

Did Take "Test-Taking and Thinking Skills" Course Previously

TGT TCT TBT TXT

~0.994 -1.434 -0.691 -0.820

Time 1 (8) (5) (8) (9)
~-0.898 ~1.243 -0.954 ~0.466

Time 2 (8) (5) (8) (9)

Did Not Take "Test-Taking and Thinking Skills" Course

Previously
TGT TCT TBT TXT
-0.034 -0.058 -0.275 0.574
Time 1 (48) (51) (48) (47)
0.126 0.247 0.112 0.426
Time 2 (48) (51) (48) (47)

Note. Sample sizes are in parentheses. Any pairwise

difference greater than .409 was statistically significant

(p<.05) using Tukey's HSD procedure.
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participants under age 40 who had not taken the course
previously in all experimental training groups from time 1
to time 2. For those who had taken the "Test-Taking and
Thinking Skills" course and were under age 40, participants
in the TBT group obtained significantly lower test scores at
time 2. In contrast, participants in the TXT group obtained
significantly higher test scores at time 2. For those who
had taken the "Test-Taking and Thinking Skills" course and
were in the TGT group, participants age 40 and over obtained
significantly greater crystal test score composites than
those under the age of 40 at time 1 and time 2. Yet, for
those who had taken the course but were in the TXT group,
participants under the age of 40 obtained significantly
greater crystal test score composites than those age 40 and
over at time 2. Finally, for those who had not taken the
course and were in the TBT group, participants under the age
of 40 obtained significantly greater crystal composites than
those age 40 and over at time 1 and time 2. See Table 19
for the specific means.

Analyses Involving Test Disposition Factors

The first portion of this section will review the
factor analyses conducted to identify test-related
attitudinal factors on the Pre- and Post-Test
Questionnaires. Then, the results of analyses of variance
for four independent variables (i.e., Age, Experimental

Training Group, Time, Prepost) on the test-related
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Table 19
Means of Crystal Ability Test Composites for Whether
Participants Took the "Test-Taking and Thinking Skilis"

Course by Experimental Training Group, Time and Age

Under Age 40:
Did Take "Test-Taking and Thinking Skills" Course Previously

TGT TCT TBT TXT

-1.294 -1.313 -0.668 -0.579

Time 1 (5) (2) (5) (5)
-1.511 -1.313 -1.909 0.174

Time 2 (5) (2) (5) (5)

Under Age 40:
Did Not Take "Test-Taking and Thinking Skills" Course

Previously
TGT TCT TBT TXT
-0.035 -0.071 0.040 0.508
Time 1 (27) (26) (33) (27)
0.059 0.197 0.402 0.239
Time 2 (27) (26) (33) (27)
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Table 19 (concluded)

Age 40 and Over:
Did Take "Test-Taking and Thinking Skills" Course Previously

TGT TCT TBT TXT

-0.494 -1.515 -0.728 =-1.122

Time 1 (3) (3) (3) (4)
0.123 -1.196 ~0.728 -1.265

Time 2 (3) (3) (3) (4)

Age 40 and Over:
Did Not Take "Test-~Taking and Thinking Skills" Course

Previously
TGT TCT TBT TXT
-0.032 -0.045 -0.966 0.662
Time 1 (21) (25) (15) (20)
0.211 0.299 -0.524 0.678
Time 2 (21) (25) (15) (20)

Note. Sample sizes are in parentheses. Any pairwise

difference greater than .632 was statistically significant

(p<.05) using Tukey's HSD procedure.

attitudinal factors will be discussed.

Factor Analyses to Identify Factors

Four factor analyses were conducted for the items on
the Questionnaires administered before and after (Prepost)
the first and second set of tests (Time). Analyses included

the TGT, TCT, TBT, and TXT groups because the experimental
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tests were administered to them twice, resulting in four
sets of questionnaire responses. A principal factor
analysis was conducted by means of a SAS promax rotation
method which produces an oblique and varimax rotation.
Comparisons of the oblique and varimax rotations indicated
more interpretable factor structures with the oblique
rotation method. Based on the eigenvalues and scree plot,
six factors were identified. For this investigation, itens
with a factor loading at least equal to .40 were retained to
define factors. Refer to the Pre~Test Questionnaire in
Appendix B for the question corresponding to the item number
in each factor.

Even though there was considerable overlap across the
four factor patterns, the patterns did not correspond
exactly. One factor, Future Effects, had items that
consistently defined that factor across the four analyses.
The Future Effects factor related to future employment
decisions based on participants' test scores. Three items
defined the Future Effects factor: 7, 21, and 36.

The second factor, Preparation, also had items that
consistently defined that factor across the four analyses.
The Preparation factor related to participants' preparation
for taking the tests. Two items defined the Preparation
factor: 27 and 40.

The remaining four factors did not have similar items

defining them across the analyses. The item loadings across
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each analysis were examined to develop an item composite for
these factors. Those items that loaded mostly on the same
factor across the analyses were used to define that factor.

The Test Ease factor pertained to participants?
perceived ease or difficulty of the tests' questions. Three
items defined the Test Ease factor: 10, 16 and 38.

Motivation, the next factor, related to participants'
motivation level to perform well on the tests. Ten items
defined this factor: 2, 4, 5, 8, 11, 18, 23, 25, 28, and
35. Across the four analyses, this factor accounted for the
most variance.

Comparative Anxiety pertained to participants' general
feelings and anxiety toward test taking. Seven items
defined this factor: 3, 6, 9, 12, 13, 15, and 37.

The sixth factor, Test Focus, related to participants'
concentration while taking the tests and attributions
related to test performance. Three items defined this
factor: 19, 26, and 34.

Testing Effects for Test Disposition Factors

The analyses conducted for the test disposition factors
are similar to those conducted for the test score
composites. That is, Groups 3-6 were first examined to
identify the effects of testing at time 1 with a two (Pre-
test) by two (Training) repeated measures analysis of
variance of dispositions at time 2 (i.e., before and after

the tests completed at time 2). The dependent measures were
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the attitudinal composites identifiea from the above factor
analyses. The scores for a factor were computed by summing
the scores of the items that defined that factor.

Comparative Anxiety. Table 20 presents the analysis of
variance for the Comparative Anxiety factor. A significant
interaction was found for Training and the Prepost measure,
accounting for 1% of the response variance. Tukey's HSD
comparisons showed that after taking the tests at time 2,
participants who received training réported being
significantly more anxious than those who did not receive
training. See Table 21 for the specific mean values.

Test Focus. The analysis of variance summary for the
Test Focus factor is presented in Table 22. A significant
effect was found for Training, accounting for 3% of the
response variance. Participants who received training
reported having significantly more difficulty focusing on
the test content (M=2.506) than those who did not receive
training (M=2.277).

A significant interaction was also found for Training
and the Prepost measure, accounting for 1% of the response
variance. Tukey's HSD comparisons showed that after taking
the tests at time 2, participants who received training
reported having significantly more difficulty focusing on
the test content than those who did not receive training.

The specific mean values are presented in Table 23.
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Table 20
Summary of the Analysis of Variance for the Testing Effects
Analyses Using Disposition Factors: Comparative Anxiety

Source af MS F-Ratio veC Icc

Between Subjects

Pre-Test (PT) 1 0.04 0.00 -.2008 .0000
Training

Intervention (I) 1 45.01 1.00 -.0001 .0000
PT X I 1 70.72 1.57 .2294 .0085
Subjects/PT X I 220 - 45.03 22.5150

(S/PT X I)

Within Subjects

Prepost (P) 1 4.72 1.16 .0029 .0001
P X PT 1 0.08 0.02 -.0357 .0000
PXI 1l 18.89 4.63% .1322 .0049
PXPT XTI 1l 0.14 0.03 -.0704 .0000
PXS/PT X I 220 4.08 4.0825

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



119
Table 21

Means for Comparative Anxiety Before and After Taking the

Tests at Time 2 by Training

Before Taking After Taking

The Tests The Tests

At Time 2 At Time 2
Did Receive 3.008 3.037
Training: - - (112) (112)
Did Not 2,976 2.888
Receive Training (112) (112)

Note. Sample sizes are in parentheses. Any pairwise

difference greater than .099 was statistically significant

(p<.05) using Tukey's HSD procedure.

Evaluation of Training Intervention Effects
Treatment Groups 1-4 (i.e., TGT, TCT, TBT, TXT) were

used to examine the effects of different types of training
on test dispositions. A four (Experimental Training Group)
by two (Age) by two (Time) by two (Prepost) repeated
measures analysis of variance was used.

Future Effects. The results for the Future Effects
factor are presented in Table 24. A significant effect was
found for Prepost, accounting for 1% of the response
variance. Participants perceived that their test scores had
significantly more future effects before taking the tests
(M=3.432) than after (M=3.310) taking the tests.

A significant interaction between Prepost and Age was
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Table 22
Summary of the Analysis of Variance for the Testing Effects

Analyses Using the Test Disposition Factors: Test Focus

Source af MS F-Ratio Ve ICC

Between Subjects

Pre-Test (PT) 1 6.04 0.64 -.0149 .0000
Training

Intervention (I) 1 52.94 5.64% .1945 .0288
PT X I 1 0.00 0.00 -.0837 .0000
Subjects/PT X I 220 9.38 4.6897

(S/PT X I)

Within Subjects

Prepost (P) 1 1.51 0.85 -.0012 .0000
P X PT 1 0.00 0.00 -.0158 .0000
PXI 1 10.94 6.18% .0819 .0121
PXPrxiI 1 2.29 1.29 .0092 .0014
PXS/PT X I 220 1.77 1.7694

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05.
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Table 23
Means for Test Focus Before and After Taking the Tests at
Time 2 by Training

Before Taking After Taking

The Tests The Tests

At Time 2 At Time 2
Did Receive 2.473 2.539
Training (112) (112)
Did Not 2.348 2.205
Receive Training (112) (112)

Note. Sample sizes are in parentheses. Any pairwise
difference greater than .152 was statistically significant

(p<.05) using Tukey's HSD procedure.

found, accounting for 1% of the response variance. TuKkey's
(HSD) comparisons showed that participants age 40 and over
perceived their test scores to have significantly more
future effects before taking the tests than after taking the
tests. In contrast, participants under age 40 perceived
their test scores to have similar future effects before and
after taking the tests. Table 25 presents the specific mean
values.

Preparation. Table 26 presents the analysis of
variance for the Preparation factor. A significant effect
was found for Experimental Training Group, accounting for 4%

of the response variance. Tukey's HSD indicated that TBT
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Table 24
Summary of the Analysis of Variance for the Training

Evaluation Analyses Using the Test Disposition Factors:
Future Effects

Source af MS F-Ratio ve ICC

Between Subjects

Age (A) 1 82.17 3.24 .1268 .0119
Experimental Training

Group (G) 3 46.55 1.83 .0945 .0088
AXG 3 26.74 1.05 .0122 .0011
Subjects/A X G 214 25.38 6.3446

(S/A X G)

Within Subjects

Time (T) 1 5.26 1.68 .0048 .0004
T XA 1 0.26 0.08 -.0128 .0000
T X G 3 2.18 0.70 -.0085 .0000
TXAXG 3 4.13 1.32 .0179 .0017
T X S/AXG 214 - 3.13 1.5655

Prepost (P) ’ 1 35.64 21.54%% 0759 .0071
PXA 1 10.19 6.16% .0381 .0036
PXG 3 2.49 1.50 .0074 .0007
PXAXG 3 1.53 0.92 -.0023 .0000
PXS/AXG 214 1.65 .8274
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Table 24 (concluded)

Source aft MS F~-Ratio Ve Icc
T X P 1 0.08 0.05 -.0071 .0000
TXPXA 1 0.11 0.06 -.0139 .0000
TXPXG 3 2.79 1.68 .0202 .0019
TXPXAXG 3 0.75 0.45 -.0327 .0000
TXPXS/AXG 214 1.66 1.6604

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05. ** p < ,01.

and TCT participants felt they were significantly more
prepared for the tests than did TGT and TXT participants.
Refer to Table 27 for specific means.

A significant effect was found for Time. This effect
accounted for 20% of the response variance. Participants
perceived themselves as being significantly more prepared
for the second set of tests (M=3.489), than they did for the
first set of tests (M=2.591).

Also, a significant effect for Prepost was found,

accounting for less than 1% of the response variance.
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Table 25

Means for Future Effects Before and After Taking the Tests

by Age
Before Taking After Taking
the Tests the Tests
Under Age 40 3.474 3.426
(258) (258)
Age 40 and Over 3.374 3.151
(188) (188)

Note. Sample sizes are in parentheses. Any pairwise

difference greater than .095 was statistically significant

(p<.05) using Tukey's HSD procedure.

Participants perceived themselves as being significantly
more prepared before taking the tests (M=3.103) than they
did after taking the tests (M=2.979).

The interaction between Time and Experimental Training
Group was significant, accounting for 19% of the response
variance. Tukey's HSD comparisons showed that participants
who received training (i.e., TGT, TCT, TBT) perceived
themselves as significantly more prepared at time 2 than at
time 1, while participants who did not receive training
(i.e., TXT) perceived no difference in preparation from time
1 to time 2. See Table 28 for the specific means.

Finally, the interaction between Time and Prepost was

significant, accounting for less than 1% of the response
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Table 26

Summary of the Analysis of Variance for the Training

Evaluation Analyses Using the Test Disposition Factors:

Preparation

125

Source af MS F-Ratio vc ICcC
Between Subjects

Age (A) 1 14.38 1.82 .0145 .0019
Experimental Training

Group (G) 3 75.71 9.59%% .3027 .0399
AXG 3 5.67 0.72 -.0199 .000O0
Subjects/A X G 214 7.89 1.9735

(S/A X G)

Within Subjects

Time (T) 1 681.32 225.94%*% 1.5141 .1994
T XA 1l 0.18 0.06 -.0127 .0000
T XG 3 164.41 54,52%% 1.4415 .1898
TXAXG 3 3.13 1.04 .0021 .,.0003
T XS/AXG 214 3.02 1.5078
Prepost (P) 1 12.41 23,72%% .0265 .0035
PXA 1 0.11 0.20 -.0019 .0000
PXG 3 0.57 1.0° .0004 .0001
PXAXG 3 0.26 0.51 -.0046 .0000
PXS/AXG 214 0.52 .2616
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Table 26 (concluded)

Source daf MS F-Ratio ve Icc
TXP 1 7.36 12.96%* .0303 .0040
TXPXA 1 0.07 0.12 -.0044 .0000
TXPXG 3 0.24 0.43 -.0058 .0000
TXPXAXG 3 0.53 0.93 -.0014 .0000
TXPXS/AXG 214 0.57 .5676

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05. %% p < .01.

variance. Tukey's HSD comparisons showed that at time 1,
participants perceived themselves as being significantly
more prepared before the tests than after the tests. At
time 2, no significant differences were found across pre-and
post-measures. Table 29 presents specific mean values.

Test Ease. The results for the Test Ease factor are
presented in Table 30. The overall mean of Test Ease
responses (M=1.700) suggested that all experimental groups
agreed that the tests were not easy. A significant effect

was found for Experimental Training Group, accounting for 2%
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Table 27

Means for Preparation by Experimental Training Group

TGT TCT TBT TXT
2.848 3.326 3.262 2.728
(224) (224) (224) (224)

Note. Sample sizes are in parentheses. Any pairwise

difference greater than .311 was statistically significant

(p<.05) using Tukey's HSD procedure.

Table 28

Means for Preparation by Experimental Training Group and

Time
TGT TCT TBT TXT
Time 1 2.577 2.477 2.482 2.826
(112) (112) (112) (112)
Time 2 3.116 4,174 4.036 2.630
(112) (112) (112) (112)

Note. Sample sizes are in parentheses. Any pairwise

difference greater than .342 was statistically significant

(p<.05) using Tukey's HSD procedure.

of the response variance. Tukey's HSD indicated that TBT
and TXT participants felt the tests were significantly
easier than did TCT participants. No significant

differences were found for TGT participants. See Table 31
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Table 29

Means for Preparation Before and After Taking The Tests by

Time
Before Taking After Taking
the Tests the Tests
Time 1 2.702 2.480
(223) (223)
Time 2 3.502 3.475
(224) (224)

Note. Sample sizes are in parentheses. Any pairwise
difference greater than .083 was statistically significant

(p<.05) using Tukey's HSD procedure.

for the specific mean values.

A significant interaction was found between Time and
Age. This interaction accounted for 1% of the composite
variance. Tukey's HSD procedure uncovered no significant
differences; therefore, Dunn-Bonferroni comparisons were
used to examine the interaction of means. See Table 32
for the specific means. Contrasts were formed between the
means for participants who were under age 40 and
participants who were age 40 and over. The comparisons did
not find a significant disordinal interaction indicating
that the interaction was of an ordinal nature. That is, the
lines deviated from parallelism but did not cross

(Marascuilo & Levin, 1983). Participants under age 40
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Table 30
Summary of the Analysis of Variance for the Training
Evaluation Analyses Using Test Disposition Factors: Test

Ease

Source at MS F-Ratio vC ICC

Between Subijects

Age (A) 1 8.19 1.35 .0048 ,0011
Experimental Training

Group (G) 3 29.95 4.95% .1067 .0242
AXG 3 1.90 0.31 -.0371 .0000
Subjects/A X G 215 6.05 1.5126

(S/A X G)

Within Subjects

Time (T) 1 2.00 0.99 -.0001 .0000
T X A 1 8.52 4.20% .0290 .0066
T X G 3 2.79 1.37 .0068 .0015
TXAXG 3 2.51 1.24 .0086 .0019
T X S/A X G 215 2.03 1.0197

Prepost (P) 1 1.54 1.21 .0006 .0001
PXA 1 1.38 1.08 .0004 .0001
PXG 3 3.08 2.41 .0161 .0036
PXAXG 3 1.94 1.52 .0119 .0027
PXS/AXG 215 1.28 .6389
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Table 30 (concluded)

Source af Ms F-Ratio vC ICC
T X P 1l 0.04 0.03 -.0048 .0000
TXPXA 1 0.05 0.05 -.0095 .0000
TXPXG 3 1.40 1.26 .0051 .0012
TXPXAXG 3 0.96 0.87 -.0053 .0000
TXPXS/AXG 215 1.12 1.1188

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05.

perceived the tests to become more difficult from time 1 to
time 2. However, participants age 40 and over did not
perceive a difference in the tests' difficulty from time 1
to time 2. .

Motivation. Table 33 presents the analysis of variance
for the Motivation factor. A significant effect found was
for Age, and it accounted for 4% of the response variance.
Those under the age of 40 had a significantly greater levels

of motivation (M=4.541) to perform well on the tests, than

those age 40 and over (M=4.424).
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Table 31

Means for Test Ease by Experimental Training Group

TGT TCT TBT TXT
1.702 1.535 1.852 1.738
(224) (224) (224) (224)

Note. Sample sizes are in parentheses. Any pairwise

difference greater than .181 was statistically significant

(p<.05) using Tukey's HSD procedure.

Table 32

Means for Test Ease by Age and Time

Under Age 40 Age 40 and Over
Time 1 1.742 1.748
(258) (260)
Time 2 1.642 1.741
(189) (188)

Note. Sample sizes are in parentheses. The contrast

effect equalled .093. The confidence interval for the
contrast did include zero, indicating a non-significant
disordinal interaction at the .05 level using Dunn-~-

Bonferroni comparisons.
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A significant effect was found for Experimental
Training Group, and it accounted for 3% of the response
variance. TuKey's HSD showed that TCT participants were
significantly more motivated to do well on the tests than
TGT and TXT participants. No significant differences were
found for TBT participants. Means are given in Table 34.

Time was found to be significant, accounting for less
than 1% of the response variance. Participants were more
motivated to perform well on the first set of tests
(M=4.520), than they were on the second set of tests
(M=4.464).

Prepost was found to be significant and accounted for
3% of the response variance. Participants had a greater
level of motivation to perform well on the tests before
actually taking the tests (M=4.557), than they did after
taking the tests (M=4.426).

The interaction between Prepost and Age was
significant, accounting for less than 1% of the response
variance. Tukey's HSD procedure uncovered no significant
differences; therefore, Dunn-Bonferroni comparisons were
used to examine the interaction of means. See Table 35 for
the specific means. Contrasts were formed between the means
for participants before and after taking the tests. The
comparisons did not find a significant disordinal
interaction indicating that the interaction was of an

ordinal nature. Those age 40 and over had significantly
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Table 33

Summary of the Analysis of Variance for the Training

Evaluation Analyses Using Test Disposition Factors:

133

Motivation

Source ar MS F-Ratio vC ICC
Between Subjects

Age (A) 1 479.17 9.21% .9534 .0357
Experimental Training

Group (G) 3 256.46 4.93% .9126 .0342
A X G 3 42.20 0.81 -.0879 .0000
Subjects/A X G 215 52.04 13.0102

(S/A X G)

Within Subjects

Time (T) 1 59.50 6.11% .1111 .0042
T XA 1 2.83 0.29 -.0308 .0000
T X G 3 9.21 0.95 -.0047 .0000
TXAXG 3 1.64 0.17 -.1447 . 0000
T XS/AXG 215 9.74 4.8718
Prepost (P) 1 373.04 76.29%% .8218 .0308
P XA 1 19.83 4.06% .0667 .0025
P XG 3 4,48 0.92 -.0036 .0000
PXAXG 3 8.21 1.68 .0593 .0022
PXS/AXG 215 4.89 2.4447
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Table 33 (concluded)

Source af MS F-Ratio ve Icc
TXP 1 16.68 4.91% .0593 .0022
TXPXA 1 0.02 0.01 -.0301 .0000
TXPXG 3 11.58 3.41%* .1462 .0055
TXPXAXG 3 7.16 2.11 .1346 .0050
TXPXS/AXG 215 3.34 3.3436

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05. *% p < .0l.

greater decreases in motivation after taking the tests than
did those under age 40.

The interaction between Time and Prepost was also
significant. This interaction accounted for less than 1% of
the response variance. Tukey's HSD comparisons showed that
participants were significantly more motivated before taking
the tests at time 1 than they were before taking the tests
at time 2. No differences in motivation levels were found
across time after taking the tests. See Table 36 for the

specific means.
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Table 34

Means for Motivation by Experimental Training Group

TGT TCT TBT TXT
4.404 4.636 4.483 4.444
(224) (224) (224) (224)

Note. Sample sizes are in parentheses. Any pairwise

difference greater than .160 was statistically significant

(p<.05) using Tukey's HSD procedure.

Table 35

Means for Motivation Before and After Taking The Tests by

Age
Before Taking After Taking
the Tests the Tests
Under Age 40 4.593 4.488
(259) (259)
Age 40 and Over 4.508 4,340
(189) (188)

Note. Sample sizes are in parentheses. The contrast

effect equalled .063. The confidence interval for the
contrast did include zero, indicating a non-significant
disordinal interaction at the .05 level using Dunn-

Bonferroni comparisons.
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The last significant finding for the Motivation factor
was a 3-way interaction involving Time, Prepost, and
Experimental Training Group. At time 1, Tukey's HSD
indicated that participants in all groups showed a
significant decline in motivation after taking the tests.
In contrast, at time 2, only participants in the TCT group
showed a significant decline in motivation after taking the
tests. The participants in the remaining groups at time 2
maintained their motivation across time. The specific means
are given in Table 37.

Comparative Anxiety. The analysis of variance summary
for the Comparative Anxiety factor is presented in Table 38.
Time was significant, accounting for less than 1% of the
response variance. Participants had significantly greater
anxiety levels at time 1 (M=3.027) than at time 2 (M=2.952).

A significant interaction was found between Time and
Prepost, accounting for less than 1% of the response
variance. Tukey's HSD comparisons showed that before taking
the tests, there were no differences in anxiety at time 1
and time 2. When comparisons were made after taking the
tests, participants were significantly more anxious at time
1 than at time 2. An additional significant difference
across Time and Prepost indicated that participants were
more anxious before taking the tests at time 1 than after
taking the tests at time 2. Means are presented in Table

39.
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Table 36

Means for Motivation Before and After Taking The Tests by

Time
Before Taking After Taking
the Tests the Tests
Time 1 4.600 4.439
(224) (223)
Time 2 4.515 . 4.413
(224) (223)

Note. Sample sizes are in parentheses. Any pairwise
difference greater than .041 was statistically significant

(p<.05) using Tukey's HSD procedure.

Test Focus. The results of the Test Focus factor are
shown in Table 40. Several significant interactions were
found. The first interaction between Time and Experimental
Training Group accounted for 1% of the response variance.
Tukey's HSD comparisons showed no significant differences
between experimental training groups at time 1. At time 2,
participants in the TBT group had significantly more
difficulty focusing on the test content than did those in
the TGT, TCT, and TXT groups. Specific means are presented
in Table 41.

The second interaction between Prepost and Experimental
Training Group accounted for 1% of the response variance.

Tukey's HSD comparisons showed no significant differences
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Table 37
Means for Motivation Before and After The Tests by
Experimental Training Group and Time

Time 1

TGT TCT TBT TXT
Before 4.543 4.704 4.588 4.564
The Tests (56) (55) (56) (56)
After 4,321 4.580 4.425 4,432
The Tests (56) (56) (56) (56)
Time 2

TGT TCT TBT TXT
Before 4.416 4.723 4.491 4.430
The Tests (56) (56) (56) (56)
After 4.337 4.536 4.429 4.350
The Tests (56) (56) (56) (56)

Note. Sample sizes are in parentheses. Any pairwise
difference greater than .118 was statistically significant

(p<.05) using Tukey's HSD procedure.
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Table 38

Summary of the Analysis of Variance for the Training

Evaluation Analyses Using Test Disposition Factors:

Comparative Anxiety

139

Source daf Ms F-Ratio Ve Icc
Between Subjects

Age (A) 1 349.03 3.79 .5733 .0202
Experimental Training

Group (G) 3 77.21 0.84 -.0669 .0000
AXG 3 23.18 0.25 -.6162 .0000
Subjects/A X G 212 92.20 23.0500

(S/A X G)

Within Subjects

Time (T) 1 65.39 9.97% .1313 .0046
T XA 1 1.37 0.21 -.0231 .0000
T XG 3 15.77 2.41 .0823 .0029
TXAXG 3 4.96 0.76 -.0285 .0000
T XS/AXG 212 6.56 3.2780
Prepost (P) 1 3.96 1.06 .0053 .0002
P XA 1 8.10 2.18 .0196 .0007
PXG 3 5.01 1.35 .0116 .0004
PXAXG 3 7.48 2.01 .0671 .0024
PXS/AXG 212 3.72 1.8592
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Table 38 (concluded)

Source at MS F-Ratio veC Icc
TXP 1 18.18 4.96% .0648 .0023
TXPXA 1 2.00 0.55 -.0149 .0000
TXPXG 3 1.01 0.28 -.0474 .0000
TXPXAXG 3 3.61 0.99 -.0019 .0000
TXPXS/AXG 212 3.66 3.6648

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05.

between experimental training groups before taking the
tests. However, after taking the tests, participants in the
TBT group reported greater difficulty focusing on the test
content than did participants in the TGT, TCT, and TXT
groups. Table 42 shows the mean values.

The third interaction between Prepost, Experimental
Training Groups, and Age accounted for 2% of the response
variance. Tukey's HSD showed no significant differences
between experimental training groups for participants under

age 40 before and after the tests. Further, no significant
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Table 39
Means for Comparative Anxiety Before and After Taking The
Tests by Time

Before Taking After Taking
the Tests the Tests
Time 1 3.015 3.038
(222) (222)
Time 2 2,978 2.925
(224) (223)

Note. Sample sizes are in parentheses. Any pairwise

difference greater than .060 was statistically significant

(p<.05) using Tukey's HSD procedure.

differences were found between experimental training groups
for participants age 40 and over before taking the tests.
However, participants age 40 and over in the TBT group
reported having significantly more difficulty focusing after
taking the tests than participants in the remaining
experimental groups. Refer to Table 43 for the means.

Regression Analyses between Test Dispositions and Scores

This section will review the stepwise regression
analyses conducted to examine the relationship between
participants' test dispositions and fluid and crystal
ability test score composites. Separate analyses were
performed for participants' dispositions before taking the

tests at time 1 and time 2. These dispositions were
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Table 40

Summary of the Analysis of Variance for the Training

142

Evaluation Analyses Using Test Disposition Factors: Test
Focus

Source at MS F-Ratio ve ICcC
Between Subjects

Age (A) 1 23.76 1.43 .0159 .0019
Experimental Training

Group (G) 3 22.40 1.35 .0257 .0030
AXG 3 8.74 0.53 -.0706 .0000
Subjects/A X G 215 16.65 4.1617

(S/A X G)

Within Subjects

Time (T) 1 0.91 0.36 -.0037 .0000
T XA 1 0.38 0.15 -.0097 .0000
TXG 3 11.17 4.37% .0769 .0090
TXAXG 3 1.84 0.72 -.0128 .0000
TXS/AXG 215 2.56 1.2784
Prepost (P) 1 0.41 0.16 -.0048 .0000
PXA 1 0.39 0.15 -.0097 .0000
PXG 3 8.43 3.30% .0524 ,0061
PXAXG 3 12.53 4.90% .1781 .0208
PXS/AXG 215 2.56 1.2777
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Table 40 (concluded)

Source af MS F-Ratio ve Icc
TXP 1 4.13 2.80 .0119 .0014
TXPXA 1 0.36 0.24 -.0100 .0000
TXPXG 3 2.35 1.59 .0156 .0018
TXPXAXG 3 0.51 0.34 -.0346 .0000
TXPXS/AXG 215 1.48 1.4757

Note. Negative variance components were assigned an

intraclass correlation of zero. However, negative variance
components were included in the denominator (i.e., sum of
all variance components) to compute intraclass correlation
coefficients for the nonnegative variance components. VC,
Variance Component; ICC, Intraclass correlation coefficient.

* p < .05.

regressed on the test score composites for participants in
Groups 1-4 (i.e., TGT, TCT, TBT, TXT) by age and
experimental training group. A p-value of .05 was used as
the criterion for entry into the regression equation.

Analyses at Time 1

When the test dispositional factors at time 1 were
regressed on the fluid ability composite, only the
Comparative Anxiety factor was found to be a predictor of
fluid test scores. This factor accounted for 9% of the

fluid composite score variance. The negative beta
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Table 41

Means for Test Focus by Experimental Training Group and Time

TGT TCT TBT TXT
Time 1 2.354 2.318 2.396 2.357
(112) (111) (112) (112)

Time 2 2.167 2.274 2.545 2.315
(112) (112) (112) (112)

Note. Sample sizes are in parentheses. Any pairwise

difference greater than .210 was statistically significant

(p<.05) using Tukey's HSD procedure.

Table 42

Means for Test Focus by Experimental Training Group Before

and After Taking The Tests

TGT TCT TBT TXT
Before 2.298 2.315 2.396 2.360
The Tests (112) (112) (112) (112)
After 2.223 2.276 2.545 2.313
The Tests (112) (111) (112) (112)

Note. Sample sizes are in parentheses. Any pairwise

difference greater than .210 was statistically significant

(p<.05) using Tukey's HSD procedure.
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Table 43

Means Test Focus Before and After Taking The Tests by

Experimental Training Group and Age

Under the Age of 40

TGT TCT TBT TXT
Before 2.255 2.137 2.369 2.441
The Tests (64) (56) (74) (65)
After 2.224 2.274 2.410 2.318
The Tests (64) (56) (74) (65)

Age 40 and Over

TGT TCT TBT TXT
Before 2.354 2.494 2.447 2.248
The Tests (48) (56) (38) (47)
After 2.222 2.279 2.807 2.305
The Tests (48) (55) (38) (47)

Note. Sample sizes are in parentheses. Any pairwise
difference greater than .342 was statistically significant

(p<.05) using Tukey's HSD procedure.

coefficient reported in Table 44 indicates that as
participants' anxiety levels increased, their fluid ability
test score composites decreased.

Equations were computed for each of the age categories
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for participants at time 1. Comparative Anxiety was forced
to enter the equations as the first predictor and other
dispositions were allowed to enter if they met the stepwise
criterion. For participants under the age of 40,
Comparative Anxiety accounted for 4% of the fluid composite
score variance. No other dispositions entered the equation.
Again, the negative beta coefficient for Comparative Anxiety
suggested that as participants' anxiety levels increased,
their fluid score composite decreased. For participants age
40 and over, Comparative Anxiety accounted for 12% of the
composite score variance. No other dispositional factors
entered the equation. Like those under the age of 40,
participants age 40 and over who were more anxious tended to
score lower on the fluid ability composite. See Table 45
for a summary of these regression analyses.

Next, Comparative Anxiety at time 1 was regressed on
the fluid ability composite by Experimental Training Group.
For the TGT group, Comparative Anxiety accounted for 13% of
the composite variance. For the TCT group, Comparative
Anxiety accounted for 7% of the composite variance.
Additional factors that explained the variance beyond
Comparative Anxiety in the fluid composite score were Test
Ease and Motivation, accounting for 4% and 6% of the
composite variance, respectively. While Comparative Anxiety
had a negative beta coefficient, Test Ease and Motivation

both had positive beta coefficients; therefore, participants
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Table 44

Stepwise Regressions: Test Dispositions with Fluid

Composite at Time 1

Factor r R R? R? change Beta

CA -.3051%% .2988%%* .0893 .0893%%* ~.4544%%

Note. CA, Comparative anxiety factor.

** p < .01.

Table 45

Stepwise Regressions: Test Dispositions with Fluid
Composite at Time 1 by Age

Factor r R R? R? Change Beta

Under Age 40
CA -.2158% «2100%* .0441 .0441% ~.2903*
Age 40 and Over

cA -.3459% «3421%* .1170 .1170% ~.4343%

Note. CA, Comparative anxiety factor.

* p < .05.

who were expecting the tests to be easy or were motivated to
perform well, tended to score greater on the fluid ability
composite. While Comparative Anxiety did not account for

significant variance in the fluid composite for the TBT
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group, this factor did enter into the equation for the TXT
group and accounted for 11% of the composite variance (see
Table 46).

When the test dispositional factors at time 1 were
regressed on the crystal ability composite, two factors
entered into the equation. As shown in Table 47,
Comparative Anxiety was the strongest predictor of crystal
test scores. This factor accounted for 7% of the crystal
composite score variance. Test Focus accounted for 4% of
the composite score variance.

Equations were computed for each of the age categories
for participants' Comparative Anxiety and Test Focus
dispositions at time 1 on the crystal ability composite.
Other dispositions were allowed to enter if they accounted
for a significant amount of variance beyond that accounted
for by the Comparative Anxiety and Test Focus dispositions.
For participants under the age of 40, Comparative Anxiety
and Test Focus accounted for 4% and 2% of the composite
score variance, respectively. The proportion of variance
contributed by the Test Focus factor was not significant.
In addition, Test Ease accounted for 3% of the crystal
composite score variance (see Table 48). The positive beta
coefficient for the Test Ease factor suggests that those
participants who perceived the tests as being easy tended to

score greater on the crystal score composite.
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Table 46
Stepwise Regressions: Test Dispositions with Fluid
Composite at Time 1 by Experimental Training Group

Factor r R R? R? Change Beta
TGT Group

CA -.3653%* .3654% .1335 .1335% -.5439%
TCT Group

CA -.2671 .2672% .0714 .0714%* -.1998

TE .2843% .3407% .1161 .0447% .6957%
MO .1235 .4146% .1719 .0558% .8838%*
TBT Group

CA -,2239 .1817 .0330 .0330 -.2842

TXT Group

Ca -.3287% .3288% .1081 .1081%* -.4436%

Note. CA, Comparative anxiety factor; TE, Test ease

factor; MO, Motivation factor.

* p < .05.

In contrast, for participants age 40 and over,
Comparative Anxiety accounted for 12% of the composite
variance. Test Focus, Motivation, and Preparation accounted
for an additional 8%, 3%, and 3% of the composite variance,
respectively (see Table 48). The negative beta coefficient
for Comparative Anxiety suggests that as participants in the

age 40 and over category became more anxious, they tended to
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Table 47

Stepwise Regressions: Test Dispositions with Crystal

Composite at Time 1

Factor r R R? R? Change Beta
CA -.2713% .2648% .0701 .0701%* -.6203%*
TF -.0521 .3245% .1053 .0351* .3409%

Note. CA, Comparative anxiety factor; TF, Test focus

factor.

* p < .05.

score lower on the crystal ability composite. On the other
hand, the positive beta coefficient for Test Focus and its
negative correlation with the crystal composite (i.e., =-.07)
suggests that the Test Focus factor served as a suppressor
variable in this analysis.

Next, the Comparative Anxiety and Test Focus factors at
time 1 were regressed on the crystal ability composite by
Experimental Training Group. Comparative Anxiety
contributed a significant amount of variance for the TGT
(19%) and TXT (13%) groups. This factor d4id not contribute
a significant amount of variance to the crystal composite
for the TCT and TBT groups. Test Focus contributed a
significant amount of variance for the TBT (4%) and TXT (6%)
groups, but did not do so for the TGT and TCT groups. The

only factor that accounted for a significant amount of
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Table 48
Stepwise Regressions: Test Dispositions with Crystal
Composite at Time 1 by Age

Factor r R R? R? Change Beta

Under Age 40

CA -.1928% .1954% .0382 .0382%* ~.3054

TF -.0299 2326 .0541 .0159 .1943
TE «2213%* .2825% .0798 .0257%* .3288

Age 40 and Over

CA -.3542% .3403% .1158 .1158%* ~.9341%*
TF ~-.0704%* «4423% .1956 .0798%* .5643%
MO .1414 .4756% .2262 .0306%* .5460%
PR -.1467 .5053%* .2553 .0291%* -.2013

Note. CA, Comparative anxiety factor; TF, Test focus

factor; TE, Test ease factor; MO, Motivation factor:; PR,
Preparation factor.

* p < .05.

variance beyond those mentioned above was the Test Ease
factor. For the TXT group, Test Ease accounted for 5% of
the crystal composite variance. Table 49 presents a summary
of the regression analyses.

Analyses at Time 2

Across all participants, the Comparative Anxiety factor

was found to be a strong predictor of fluid test scores.
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This result is similar to that found at time 1. The factor
accounted for 6% of the fluid composite variance at time 2,
as shown in Table 50.

Equations were computed for each of the age categories.
For both age categories, the Comparative Anxiety factor
accounted for the same amount (i.e., 4%) of variance (see
Table 51). Further, the negative beta coefficients showed
that as participants' anxiety levels increased, their fluid
score composite decreased.

Next, the test dispositional factors at time 2 were
regressed on the fluid ability composite by Experimental
Training Group. Comparative Anxiety contributed a
significant amount of variance only for the TBT (9%) group.
This factor did not contribute a significant amount of
variance to the fluid composite for the remaining groups.
Beyond the variance accounted for by the Comparative Anxiety
factor, Test Focus contributed a significant amount of
variance for the TCT (11%) and TXT (5%) groups, but not for
the TGT and TBT groups. Another factor that accounted for a
significant amount of variance beyond those mentioned above
was the Future Effects factor. For both the TCT and TBT
groups, Future Effects accounted for 4% of the crystal
composite variance. Additional factors that entered into
the equation for specific treatment groups and their
variance were: Test Ease for the TBT group (5%); and

Preparation for the TXT group (5%). See Table 52 for a
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Table 49

Stepwise Regressions: Test Dispositions with Crystal

Composite at Time 1 by Experimental Training Group

Factor r R R? R? Change Beta
TGT Group

CA -.4307%* «4307% .1855 .1855% -.8011%*
TF -.2365 .4461 1990 .0135 .2307

TCT Group

CA -.1168 .1166 .0136 .0136 -.3203

TF .0328 .1895 .0359 .0223 .2062

TBT Group

CA -.1915 .1700 .0289 .0289 -.4711

TF .0297 «2704% .0731 .0448%* .3038

TXT Group

CA -.3641%* «3641* .1326 .1326%* -.6111%*
TF -.0794 .4440 .1971 '.0645* .3685

TE .3651%* «4967% .2467 .0496%* .5210

Note. CA, Comparative anxiety factor; TF, Test focus

factor; TE, Test ease factor.

* p_ < .05.
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Table 50
Stepwise Regressions: Test Dispositions with Fluid
Composite at Time 2

Factor r R R? R? change Beta

CA ~.2456% .2433% .0592 .0592%* ~.3233%

Note. CA, Comparative anxiety factor.

* p < .05,

Table 51

Stepwise Redgressions: Test Dispositions with Fluid
Composite at Time 2 by Age

Factor r R R? R? change Beta

Under Age 40
CA -.1870% .1962% .0385 .0385%* -.2396%
Age 40 and Over

CA -.2244% «2117% .0448 .0448% -.2617%*

Note. CA, Comparative anxiety factor.

* p < .05.

summary of the regression analyses.
When the test dispositional factors at time 2 were
regressed on the crystal ability composite, one factor

entered into the equation. Like the findings at time 1, the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



155
Comparative Anxiety factor was found to be a strong
predictor of crystal test scores. This factor accounted for
11% of the crystal composite score variance. See Table 53
for a summary of the regression analyses.

Equations were computed for each of the age categories
for participants' dispositions towards the tests at time 2
on the crystal ability composite. For participants under
the age of 40, Comparative Anxiety accounted for 5% of the
composite score variance. In contrast, for participants age
40 and over, Comparative Anxiety accounted for 23% of the
composite score variance (see Table 54). With the Fisher 2
transformation for two independent groups, the difference in
the proportion of variance accounted for by this factor
across age was significant (z=2.70, p<.05). Two additional
factors accounted for a significant amount of variance
beyond that accounted for by the Comparative Anxiety
disposition for participants age 40 and over. Test Focus
and Motivation accounted for 5% and 4% of the composite
score variance, respectively.

Next, the eguations at time 2 were computed for the
crystal ability composite by Experimental Training Group.
Comparative Anxiety contributed a significant amount of
variance for the TGT (8%), TBT (9%), and TXT (25%) groups.
This factor did not contribute a significant amount of
variance to the fluid composite for the TCT group. Beyond

the variance accounted for by the Comparative Anxiety
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Table 52
Stepwise Regressions: Test Dispositions with Fluid
Composite at Time 2 by Experimental Training Group

Factor r R R? R? change Beta
TGT Group

CA -.1698 «2335 .0545 .0545 -.3305

TCT Group

CA -.2384 .1386 .0192 .0192 -.4341%*
TF . 0152 .3552% .1262 .1070%* .3813%*
FE .0938 .4116%* .1694 .0432% .4032

TBT Group

cAa -.2802% .2960%* .0876 f0876* -.5697%*
TE .1647 .3666% .1344 .0468%* -.4210

FE .1039 .4130% .1706 .0362% .5648

TXT Group

CA ~.2446 .2468 .0609 .0609 ~.6684%*
TF -.1905 .3403% .1158 .0549% .3976

PR -.0928 .4034% .1627 .0469%* -.2413

Note. CA, Comparative anxiety factor; TF, Test focus

factor; TE, Test ease factor; FE, Future Effects factor:; PR,
Preparation factor.

* p < .05.
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Table 53
Stepwise Regressions: Test Dispositions with Crystal

Composite at Time 2

Factor r R R? R? Change Beta

ca -.2278% «.3280%* .1076 «1076%* -.6174%

Note. CA, Comparative anxiety factor.

* p < .05.

Table 54

Stepwise Regressions: Test Dispositions with Crystal
Composite at Time 2 by Age

Factor r R R? R? change Beta

Under Age 40
CA -.2278% .2263% .0512 .0512% -.1997

Age 40 and Over

CA -.4900% .4763% .2269 «2269% ~.9940%*
TF ~.2168% .5228% .2733 .0464* -4453%
MO .1893 .5575% .3108 .0375%* .4995%*

Note. CA, Comparative anxiety factor; TF, Test focus
factor; MO, Motivation factor.

* p < .05.
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factor, Test Focus contributed a significant amount of
variance for the TCT (11%) and TXT (8%) groups. An
additional factor that entered into the equation for the TCT
group was the Future Effects factor, accounting for 4% of
the crystal composite variance. See Table 55 for a summary
of the regression analyses.

Summary of Disposition and Test Score Relationships

In summary, the following results for the relationship
between test scores and test dispositions were found.
Across Time, Age Categories, and Experimental Training
Groups, the Comparative Anxiety factor accounted for the
most variance in fluid and crystal ability test score
composites. These findings showed that Comparative Anxiety
had a strong, negative influence on the fluid and crystal
ability test score composites, such that those participants
who had greater levels of anxiety tended to score lower on
the fluid and crystal ability composites.

When examining the fluid ability composite, the amount
of variance in the test scores that was accounted for by
Comparative Anxiety decreased from time 1 (9%) to time 2
(6%). Thus, the relationship between this factor and the
fluid ability composite declined over time.

In contrast, the amount of variance in the crystal
ability composite accounted for by Comparative Anxiety
increased from time 1 (7%) to time 2 (11%). Therefore, the

relationship between this factor and the crystal ability

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



159
Table 55
Stepwise Regressions: Test Dispositions with Crystal
Composite at Time 2 by Experimental Training Group

Factor r R R? R? change Beta
TGT Group

CA -.2899% .2900% .0841\ .0841% -.7517%*
TCT Group

CA -.2563 .2272 .0516 .0516 -.6063%*
TF -.2198 «4071% .1657 «1141%* «4453%
FE .0539 .4522% .2045 .0388%* .4302

TBT Group

CA -.3256% «2919% .0852 .0852% -.4509%
TXT Group

CA -.5000%* .5001* .2501 «2501% -.9787%*
TF -.1642 «5770% «3329 .0828%* .5056%*

Note. CA, Comparative anxiety factor; TF, Test focus

factor; FE, Future Effects factor.

* p < .05,

composite grew stronger over time.

When test dispositions were compared across age
categories, differences in the predictability of the fluid
composite were found. The amount of variance accounted for
by Comparative Anxiety did not change from time 1 (4%) to

time 2 (4%) for participants less than age 40. 1In contrast,
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the amount of variance accounted for by Comparative Anxiety
decreased from time 1 (12%) to time 2 (5%) for participants
age 40 and over; however, this decrease was not significant
(2=-1.09, p>.05).

When test dispositions were compared across age
categories on the crystal composite, Comparative Anxiety
accounted for the same amount of variance (5%) at time 1 and
time 2 for participants under age 40. Thus, it appears that
the relationship between the Comparative Anxiety factor and
the crystal composite remained significant, but did not
change over time for this age group. For participants age
40 and over, Comparative Anxiety variance in the crystal
composite increased from time 1 (12%) to time 2 (23%).
However, this increase was not significant (z=1.21, p>.05).
This finding suggests that for this age group, participants'
feelings of anxiety increased to a level that was
detrimental to their test performance.

When the amount of variance accounted for by each
factor was compared across the experimental training groups,
decreases in participants' anxiety levels were noted for the
fluid composite. 1In the TGT, TCT and TXT groups,
Comparative Anxiety decreased over time. In the TBT group,
however, the amount of variance accounted for by Comparative
Anxiety increased from time 1 (3%) to time 2 (9%). This
finding may be explained by the lower test scores obtained

by participants in the TBT group at time 1. Their low
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performance on the first set of tests, coupled with any
anxious feelings raised throughout training, may have
increased their anxiety to a level that was detrimental to
the participants' test performance.

For the crystal composites, similar results were found
for the TGT group and TBT groups. However, for the TCT
group, the amount of variance accounted for by Comparative
Anxiety increased from time 1 (1%) to time 2 (5%), although
not to a significant level (2=1.25, p>.05). Finally, for
the TXT group, the amount of variance accounted for by
Comparative Anxiety increased from time 1 (13%) to time 2
(25%) . This increase was not significant (z=1.22, p>.05),
but suggests that participants who did not receive any
training and were exposed to the pre-test raised their
feelings of anxiety to a level that detracted from test
performance.

Analyses for Participants' Reactions to Training Courses

The first portion of this section will review the
factor analyses conducted to summarize participants'
reactions to the training course interventions as measured
by the Post-Course Questionnaire. Then, the results of
analyses of variance on reactions to training will be
discussed.

Factor Analyses to Identify Factors

A factor analysis included Groups 1, 2, 3, and 5 (i.e.,

TGT, TCT, TBT, and XBT), because participants from these
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groups received some form of training. A principal factor
analysis was conducted with a SAS promax rotation method
which produces an oblique and varimax rotation. Comparisons
of the oblique and varimax rotations indicated more
interpretable factor structures with the oblique rotation
method. Based on the eigenvalues and scree plot, six
factors were identified. For this investigation, items with
a factor loading of at least .40 were used to define
factors. Refer to the Post-Course Questionnaire in Appendix
E for the question corresponding to the item number in each
factor.

The first factor, Application to Life and Job, related
to the applicability of the training content to
participants' personal lives and job in the company. Seven
items defined the Application to Life and Job factor: 1, 2,
3, 7, 9, 12, and 14.

The second factor, Assistance, pertained to the clarity
of course materials (e.g., course workbook) and the
availability of the instructor to answer participants'
questions. Five items defined the Assistance factor: 17,
18, 19, 21, and 22.

The third factor, Practice, related to the extent that
course exercises and homework helped participants learn or
relearn the material. Three items defined the Practice
factor: 13, 15, and 25.

The fourth factor, Course Value, pertained to

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



163
participants' perceived value of the course for preparing to
take tests. Four items defined the Course Value factor: 4,
5, 10, and 11.

The fifth factor, Relearning, pertained to the adequacy
of the course length and difficulty level for relearning
material. Three items defined the Relearning factor: 6, 8,
and 16.

The sixth factor, Convenience, related to the
convenience of course locations and times. Two items
defined the Convenience factor: 20 and 24.

Analyses of Variance For Course Reaction Factors

Participants' reactions té the course were examined by
means of a four (Experimental Training Groups) by two (Age)
analysis of variance. The purpose of this analysis was to
assess course reactions as a function of the two independent
variables. The dependent measures were the reaction
composites identified from the above factor analysis. The
scores for a factor were computed by summing the scores of
the items that defined that factor.

The analysis of variance for the Application to Life
and Job factor indicated a significant effect for
Experimental Training Group (F=8.60, p<.05). This effect
accounted for 12% of the reaction variance. Tukey's HSD
comparisons showed that participants in the TCT (M=3.603),
TBT (M=3.408), and XBT (M=3.668) groups felt that the course

material was significantly more meaningful and applicable to
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their personal 1life and job, than participants in the TGT
group (M=3.034).

The analysis of variance for the Assistance factor
showed a significant effect for Experimental Training Group
(F=11.25, p<.05). This effect accounted for 16% of the
reaction variance. Tukey's HSD comparisons indicated that
participants in the TCT (M=4.353) and XBT (M=4.286) groups
perceived the materials to be significantly more helpful and
the instructor to be more available to answer questions,
than participants in the TGT group (M=4.050).

For the Practice factor, a significant effect was found
for Experimental Training Group (F=27.31, p<.05), accounting
for 33% of the reaction variance. The results of Tukey's
HSD showed that the exercises and homework distributed to
the TCT (M=4.155), TBT (M=4.024), and XBT (M=4.167) groups
were perceived as being significantly more helpful to the
participants for relearning the material, than the exercises
and homework distributed to the TGT group (M=3.218).

For the Course Value factor, a significant effect was
found for Experimental Training Group (F=6.57, p<.05),
accounting for 9% of the reaction variance. With Tukey's
HSD, the results showed that participants in the XBT
(M=4.223) and TCT (M=4.304) groups thought that the training
received was significahtly more valuable to their test-~
taking preparation, than participants in the TGT (M=3.845)

group.
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The analysis of variance for the Relearning factor
resulted in two significant findings. The Age effect was
significant (F=6.10, p<.05) and accounted for 4% of the
reaction variance. Participants under the age of 40
reported that the course length and difficulty level was
significantly more suitable for them (M=3.660) to relearn
the material, than did those age 40 and over (M=3.453).

The Experimental Training Group effect was also
significant (F=2.97, p<.05) for the Relearning factor. This
effect accounted for.3% of the reaction variance. Results
of Tukey's HSD indicated that participants in the TCT group
(M=3.721) thought that the course length and difficulty
level was significantly more suitable for them to relearn
the material, than did participants in the XBT group
(M=3.429).

The analysis of variance for the last factor,
Convenience, did not produce any significant effects. Thus,
participants across age and experimental training groups did
not significantly differ in their reactions to the

convenience of the course location or time.
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IV. DISCUSSION

Overview

The purpose of this investigation was to examine the
influence of test-preparation training (i.e., general test-
taking skills and test-related content skills) on fluid and
crystallized intelligence, and participants' attitudinal
dispositions toward test taking. It was hypothesized that
larger increases in test scores would result after test-
preparation training than after no training. Such increases
were expected for individuals of all ages. Further, it was
hypothesized that test scores for those receiving training
on test-related content skills would increase over time for
both fluid and crystallized intelligence, with greater
increases for fluid intelligence. Finally, it was expected
that test-preparation training would lead to greater changes
in test dispositions (e.g., decreased anxiety, increased
motivation).

Fluid Test Score Composite

Examination of testing effects showed that the presence
of a pre-test influenced fluid intelligence at time 2.
Participants who had exposure to a pre-test scored
significantly greater on the fluid tests than those who had
no exposure. This result suggests that the administration

of the pre-test improved participants' test-taking skills.
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The testing effects analysis also showed that training
influenced fluid intelligence at time 2. Participants who
received training scored significantly greater on the fluid
tests than those who did not receive training.

The pre-test and training findings indicate that either
a pre-test or training aids in the improvement of fluid test
scores. The administration of both a pre-test and training
does not significantly increase fluid test scores beyond the
administration of either alone.

Training evaluation analyses showed two significant
findings. First, participants under the age of 40 achieved
significantly greater fluid test scores than those age 40
and over. Second, a significant increase in fluid test
scores was found from time 1 to time 2. Comparisons of the
experimental training groups resulted in no significant
differences. This finding, coupled with the finding for
Time, indicates that improvements in test scores were due to
exposure to the pre-test, rather than to a particular form
of training.

The results for Time were most likely due to the
practice effect of the pre-test. Apparently, exposure to
the first set of tests made the participants aware of their
skill problems and allowed them to refresh and improve those
skills. In sum, the pre-test served as a test-taking
intervention that raised test scores.

The practice effects found for the fluid composite in
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this research were similar in magnitude to those reported by
Blieszner et al. (1981) and Sarnacki (1979). Blieszner et
al. (1981) found practice effects, in addition to training
effects, on tests administered one week and one month after
training. Like this research, the practice effect suggested
to Blieszner et al. that exposure to a test may improve
fluid ability at a later test date. This effect may explain
the finding that participants who enrolled in college
courses scored significantly greater than those who did not.
Perhaps exposure to testing in a college environment
provides practice with test items that are related to fluid
intelligence.

Although different tests were used at time 1 and time 2
in this investigation, the forms of the tests were parallel
and contained similar content. Blieszner et al. (1981)
suggested that fluid test items may be particularly
susceptible to practice effects due to their relative
novelty. Exposure to previous fluid tests may be an
ability-extraneous factor that needs to be taken into
account. That is, training on test-taking skills (e.q.,
general strategies for testing) and the application of
cognitive skills (e.g., general instruction for fluid test
items) may not positively affect fluid test scores as much
as the repeated exposure to a particular test. Practice
effects, due to test exposure, provide additional support

for the modifiability of intellectual performance, since the
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effects occur as a function of a very limited, no-feedback
retest condition. The magnitude of these practice effects,
however, indicates that researchers should use considerable
caution in interpreting fluid intelligence assessment over
repeated trials of test-naive populations, such as older
adults. Simple exposure to the tests could account for a
large portion of the effects.

The practice effects found for the fluid composite,
coupled with the moderate decline in Comparative Anxiety
over time, coincides with the findings of Kooken and Hayslip
(1984) . Kooken and Hayslip suggested that decreases in
anxiety occur with simple exposure to test materials.
Participants' exposure to the tests at time 1 may have
enabled them to generate cognitions at time 2 that allowed
them to focus on the tests. Such exposure led to improved
test scores. However, participants still expressed
significant levels of anxiety at time 2.

The training effect result agreed with the training
literature (e.g., Denney & Heidrich, 1990; Labouvie-Vief &
Gonda, 1976; Willis et al., 198l1). Previous research
reported improvements in fluid abilities due to training.
Similar results were found, despite differences in the
length of training and measures of fluid intelligence. For
example, Willis et al. (1981) trained research participants
over a 3-year period, which is a much longer period of time

than that employed in the present investigation. The
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training program schedule in the present investigation was
intense, requiring participants to meet twice per week over
a 7-week period. However, the breadth and depth of
information reviewed in seven weeks cannot equal the
material presented over a 3-year period. Nevertheless, this
training program was sufficient in length in order for
participants to learn skills related to fluid intelligence.
Because fluid intelligence is believed to be learned in part
through idiosyncracy and casual experience, a shorter and
more intense training program may be adequate.

Previous research has employed different types of test
items to measure and improve adults' fluid intelligence.
For example, Denney and Heidrich (1990) used items from
Raven's Progressive Matrices. The present investigation
employed different test items to measure fluid intelligence.
Since both investigations were successful in improving fluid
test scores, it appears that training programs can be
utilized to improve performance on a wide variety of tests
requiring fluid intelligence. Several types of fluid tests
may be similar in susceptibility to training and require
similar intervention strategies (e.g., reinforcement, direct
instruction, self-instruction, or repeated practice).

Reasons for the lack of differences in fluid test
scores between particular experimental training groups are
numerous. Previous researchers (e.g., Callenbach, 1973;

Samson, 1985) stated that training on test-taking skills
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would improve test scores; however, they did not examine
improvements for particular types of intelligence (i.e.,
fluid or crystallized). Past research has not examined the
separate effects of training general test-taking skills and
test-related content skills on fluid intelligence.

Training only on general test-taking skills may not
have led to significantly greater scores on the fluid tests
for several reasons. First, six hours of general test-
taking information may not have been sufficient to maintain
performance on the fluid tests. Second, participants®
disposition towards the tests' future effects as well as
written comments indicated that the content in the general
test-taking skills course was not perceived as being
directly relevant to the employment tests. Subsequently,
participants may not have put forth much effort to learn
general test-taking skills, and instead, they practiced
skills that were perceived as being more relevant to the
test (e.g., mathematical, grammar, vocabulary) outside of
the training class. Third, test-wiseness or general test-
taking skills may have been implicitly taught in all of the
training courses. It is difficult, if not impossible, to
train individuals on test-related content skills, which
requires them to practice solving problems, without
reviewing test-taking skills. This suggests that all
participants received, explicitly or implicitly, some form

of training on test-taking skills (Diamond & Evans, 1972).
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Another possible reason for the lack of differences
between all experimental training groups is the absence of
control that the researcher had on restricting course
materials and information. Although participants were asked
not to share the information that they received in class
with others, participants in one training group may have
shared the course instructions and materials with
participants in other training groups. By sharing this
information, training differences across experimental groups
on the fluid ability composite may have been reduced.

Finally, differences across particular training groups
may not have been found because of participants' preparation
and motivation levels before the test at time 1.
Participants who did not receive training knew that course
instruction would not be available to them throughout the
investigation. These participants subsequently reported
being significantly more prepared and motivated than the
other groups. Further, they engaged in activities (e.q.,
reviewing exercises in high school or college textbooks)
that led to their higher test scores at time 1. The
training completed by the other groups raised their
preparation levels and test scores at time 2. However,
these increases did not surpass the scores of the control
group.

Differences in Comparative Anxiety over time were found

between experimental training groups. Participants in the
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group that received training on both types of skills becane
more anxious and motivated at time 2, because they may have
thought they did not perform well on the first set of tests.
However, this increase in anxiety did not adversely affect
their test scores. Participants in this group reacted to
their thoughts by preparing for the tests at time 2, and
consequently felt more motivated to perform successfully.

The group that received training only on test-related
content skills became less motivated at time 2. This
decline in motivation can be explained by their
questionnaire responses after the first set of tests. Their
responses indicated that the tests at time 1 were very
difficult. Consequently, they may have felt prematurely
defeated, helpless, and unprepared for the second set of
tests. Such feelings may have been exacerbated throughout
training as a large amount of information was presented.

The intense training program conducted over a short period
of time may have overwhelmed them with information.

The groups that received training on general test-
taking skills or no training became less anxious over time.
Because participants in these groups received little or no
training, this finding can be explained by Kooken and
Hayslip's (1984) suggestion that decreases in anxiety often
occur with simple exposure to test materials. Both of these
groups were exposed to the pre-test at time 1. Thus, this

pre-test apparently decreased their test-taking anxiety.
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Conclusions on the test-taking dispositions suggested
that negative changes (i.e., declines in Motivation and
increases in Comparative Anxiety) for particular training
groups did not adversely affect fluid test scores. On the
other hand, positive changes in dispositions did lead to
increases in fluid test scores from time 1 to time 2;
however, there were no differences across training groups.

Fluid Test Score Composite by Age

Across age categories, participants under age 40 scored
significantly higher on the fluid composite than those age
40 and over. This difference was particularly strong,
accounting for 19% of the composite variance. The Time
effect was significant, which indicated overall improvement
in fluid test scores. Further, results showed no
significant interactions between Age and the Experimental
Training Groups. This finding indicated no differential
effect between the age categories across training conditions
over time. Thus, the fluid composite for participants in
both age categories improved over time, but even after
training, those under the age of 40 continued to score
significantly higher on the fluid composite than those age
40 and over.

Reasons for the results on the fluid composite between
age categories may not be due to differences in Comparative
Anxiety, since Comparative Anxiety significantly affected

test scores for participants of all ages at all times.
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However, Comparative Anxiety decreased for both age groups
over time, particularly for the group of participants age 40
and over. The older participants who were anxious at time 1
may have fallen into Culler and Holahan's (1980) self-
defeating loop. That is, participants age 40 and over may
have perceived that they did not perform well on the first
set of tests. Consequently, they may have thought that the
tests at time 2 would be more difficult, and because they
did not have confidence in succeeding, they did not prepare
for the tests at time 2. However, through retesting, the
older participants adapted to and gained control of the
testing situation. Subsequently, their anxiety levels were
reduced. Thus, these results support Cornelius' (1984)
contention that practice conditions may facilitate
performance on fluid measures of intelligence, particularly
for older adults. The findings also suggest that moderate
decreases in anxiety lead to increases in fluid test scores.

Based on these findings, test anxiety may not

detrimentally affect fluid intelligence as greatly as had
been thought. Recent studies (e.g., Mueller, Kausler, &
Faherty, 1980) suggested that test anxiety may not influence
older adults a great deal more than younger persons.
Consequently, dispositional factors may not play as great a
role in intellectual performance as Hayslip and Kennelly
(1984) contended.

If differences between age groups on the fluid ability
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composite are not due to differences in anxiety levels, then
perhaps age differences are due to the older adults' loss in
concentration. Horn (1986) and Stankov (1988) postulated
that losses in concentration may lead to declines in their
short-term memory and cognitive processing speed. Tomer
(1989) reported that older adults have a somewhat reduced
speed of cognitive processing and thus a somewhat lower
level of fluid intelligence, as a result of being inactively
involved in studying, taking exams, etc. His observation
supports the hypothesis that a decline in fluid intelligence
for older adults may not be a biological phenomenon, but
rather a social and cultural phenomenon. That is, because
of a lack of recent test-taking experiences, the initial
performance of older persons on a task requiring fluid
intelligence is likely to fall below the level of their
capabilities.

Another social phenomenon that may contribute to older
persons' lower performance on fluid intelligence tasks may
be their job. The job may not require the use of fluid
intelligence. If the job itself fails to stimulate fluid
intelligence, more rapid declines with age may follow. On
the other hand, in more stimulating job environments,
declines in cognitive functioning may not occur. Younger
individuals may hold the same job titles as older
individuals in this sample, but because the younger persons

had more recent test-taking experiences, their fluid
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intelligence remains superior to those of older persons.

The results indicated that the fluid test score
composite did increase across time for individuals of all
ages. However, those under age 40 continued to score
significantly higher on the tests at time 2 than those age
40 and over. While training and exposure to testing may
have affected participants in both age categories equally,
differences still remained. It appears that exposure and
training are not sufficient for those age 40 and over. In
addition to the training and practice provided, older
individuals may require more intensive training and exposure
to specific instructions, drills, etc. to provide them with
sufficient experience with the fluid tests. Participants'
responses on the Post-Course Questionnaire confirmed the
need for varying amounts of training instruction and
practice across age groups.

Crystal Test Score Composite

Examination of the testing effects showed that the
presence of a pre-test did not influence crystallized
intelligence at time 2. In contrast to the findings for the
fluid composite, participants who were exposed to a pre-test
did not score significantly greater on the crystal ability
tests than those who were not exposed.

The testing effects analysis also showed that, unlike
fluid intelligence, training did not influence crystallized

intelligence at time 2. Participants who received training
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scored no differently than those who did not receive
training. These findings suggest that neither a pre-test or
training improved crystal test scores.

In contrast, the training evaluation analyses showed
three significant effects and interactions. First, a
significant increase in crystal test scores was found from
time 1 to time 2. Second, comparisons of the experimental
training groups showed that the control group (i.e., TXT)
obtained significantly greater crystal test scores than the
other training groups. Third, the Time x Experimental
Training Group interaction indicated that participants!
crystal test scores in the TCT and TBT groups significantly
improved from time 1 to time 2.

Although all participants were randomly selected for
each of the experimental training groups, the TXT group
obtained significantly greater test scores at time 1. The
TXT group achieved greater test scores at time 2 also,
without training. At time 2, the groups that received
training improved their test scores, but not to the
magnitude of those obtained by the TXT group.

Comparisons across time for the crystal composite
showed a significant increase from time 1 to time 2. This
effect may be due to greater test scores for the TCT and TBT
groups across time. The results support the hypothesis that
increases in test scores would occur over time for the

groups that received training on test-related content
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skills.

Research with student populations also obtained
increases in crystal test scores resulting from training.
For example, Callenbach (1973) found that students achieved
higher test scores on a reading test after training.

Bookman and Iwanicki (1983) reported similar results for a
mathematical achievement test. Messick and Jungeblut (1981)
found that students could be trained to improve their scores
on the Scholastic Aptitude Test (SAT), which consists of
mathematical and verbal subscales. The present research
expands upon these findings related to training and
crystallized intelligence; it demonstrates the utility of
training in an adult population.

One reason for the differential effects of training on
crystallized intelligence may be the relevancy of training
to the test content. For the groups that did not receive
any training related to test content (i.e., TGT and TXT),
crystal composite test scores did not significantly increase
from time 1 to time 2. In contrast, significant increases
in the crystal composite were achieved by participants who
received training on test-related content and basic
cognitive skills (i.e., TCT and TBT). These findings
indicate that such training led to larger increases on the
crystal test score composite than training on test-taking
skills alone. This finding was expected, since training for

the TCT and TBT groups included practice on mathematical,
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grammar, and vocabulary exercises. Those exercises
resembled tests that measured crystallized intelligence.

Other reasons for the crystal composite results may be
due to participants' dispositions toward test taking.
Participants' levels of Comparative Anxiety increased from
time 1 to time 2. The increase in Comparative Anxiety from
time 1 to time 2 is interesting. First, this finding
suggests that a certain level of anxiety may be beneficial
to test taking, and supports the inverted U relationship
between anxiety and performance (Mandler & Sarason, 1952).
Second, comparisons between the fluid and crystal test score
results indicate that levels of beneficial anxiety may vary
depending on the type of intelligence being measured. For
example, participants may perform better with higher levels
of anxiety on tests that require crystallized intelligence
than on those that require fluid intelligence. Although
test items requiring crystallized intelligence were found to
induce anxiety, such items (e.g., mathematical, grammar)
were also relatively more familiar. Thus, higher levels of
familiarity may compensate for some anxiety when performing
particular test items.

An explanation for the increase in Comparative Anxiety
over time for the crystal ability composite is related to
participants' previous testing experiences. According to
Sieber (1980), test items that measure crystallized

intelligence (e.g., mathematics, grammar, and vocabulary)
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have been associated with individuals' testing experiences
in the past. If a person was not able to perform
successfully on a mathematical or writing test while in
school, that individual may not view himself or herself as
having the capability to complete such tests successfully in
the future. Thus, the anxiety reported by participants may
have been due to their expectations of being unable to
perform successfully on the test.

Differences were found between experimental training
groups in Comparative Anxiety over time. The anxiety level
of the TGT group did not change over time. Because this
group received instruction on skills that were not perceived
as being directly relevant to the test, they may not have
felt completely prepared for the tests at time 2. However,
because of their previous exposure to the tests at time 1,
their anxiety levels did not change. The TCT group did not
report being anxious at time 1 or time 2. This group
received formal instruction on skills that they perceived as
being directly relevant to the test; therefore, they
reported feeling prepared to take the tests at time 2. The
TBT group became more anxious at time 2 because, similar to
the fluid composite findings, they may have thought they did
not perform well on the first tests. Finally, several test
dispositions changed over time for the TXT group. Results
showed that this group became more anxious and had greater

difficulty focusing on the tests over time. It appears that
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participants in this group, unlike the others, were unsure
of their capabilities to perform successfully on the tests
without training.

Although anxiety levels increased over time for most
participants, an overall increase in the crystal test score
composite was found. The increase in Comparative Anxiety
over time, coupled with the training effect found for the
TCT and TBT groups, can be explained as follows. Unused
cognitive skills decline as a function of disuse and
practice (Denney, 1982). When such skills are required for
test taking, both trait and state anxiety increase
(Schwarzer, 1984), corresponding to Comparative Anxiety and
Test Focus in the present research. The present results
indicate that anxiety may have risen to an optimum level
(i.e., inverted U shape). At this optimal level, the worry
component of anxiety, considered by Schwarzer (1984) to be
the most predominant source of test-taking interference, was
reduced via training. Training may have produced two
simultaneous effects: 1) the person attended to task-
relevant thoughts during the tests, rather than negative or
self-defeating thoughts (Cornelius, 1984); and 2) items were
perceived as being less difficult and requiring less effort,
and therefore promoted less anxiety.

Crystal Test Score Composite by Age

Across age categories and Groups 1-4 (i.e., TGT, TCT,

TBT, and TXT), there were no differences on the crystal
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composite between participants of each age category. The
Time effect was significant, however, suggesting that the
crystal composite for participants in both age categories
improved over time.

The similarities in the crystal composite between age
categories coincide with the recent theory of intelligence.
Crystallized intelligence is presumed to reflect knowledge
acquired through formal means, such as schooling, and has
been equated by Horn (1982) to individuals' general wisdom,
judgment, and breadth of knowledge. Based on its origin and
development, Horn (1986) and Stankov (1988) suggested that
crystallized intelligence remains relatively stable after
age 20. The findings in the present investigation support
their contention, since the crystal composite test scores
did not significantly differ between the younger and older
participants, even after training.

Reasons for the similarity in the crystal composite
between participants of each age category are probably not
due to the Comparative Anxiety disposition, since anxiety
levels differed for all participants. For example,
participants under age 40 were not anxious at time 1, but
were anxious at time 2. In contrast, participants age 40
and over were anxious throughout the investigation, and
became even more anxious at time 2. This finding coincides
with Whitbourne's (1976) research, in which older

individuals were found to be more anxious than younger
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individuals.

A possible explanation for the positive relationship
between anxiety and the crystal composite is related to
participants' confidence in performing successfully on the
tests. Qualification on the management test battery was of
sufficient importance to participants. Therefore,
regardless of their high levels of anxiety in the testing
situation, participants invested more effort while taking
the tests. As participants strived harder to achieve high
scores on the tests, they perceived more control over the
situation. In turn, their increased effort compensated for
any detrimental effects on test performance due to anxiety
(Eysenck, 1979).

Whether participants had previously taken the company-
sponsored "Test-Taking and Thinking Skills" course moderated
the crystal ability composite. Across age, participants who
did not take the course scored significantly greater on the
crystal ability composite than those who had taken the
course. This finding suggests that previous instruction
negatively interacted with the training provided. Perhaps
participants tried to remember and assimilate information
from the past training course with the information provided
from the current training program, and became overwhelmed
with testing information. As a result, their test
performance was negatively affected.

Differences were also found in the crystal composite
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between age categories in relation to whether participants
took the "Test-Taking and Thinking Skills" course.
Participants under the age of 40 in the TXT group who had
taken the course scored significantly higher on the crystal
ability composite than those age 40 and over. One
explanation for this finding may coincide with Avolio and
Waldman (1987)'s contention that increasing age is
correlated with fewer or less recent years of formal
education. According to Blum and Jarvik (1974), individuals
who are removed from educational experiences for a longer
period of time perceive the test content to be unfamiliar.
Subsequently, they tend to become undermotivated and do not
prepare for the test to the extent necessary. Therefore,
these individuals do not perform to their highest ability
levels, even after preparing. On the other hand, younger
participants who had more recent educational experiences are
familiar with the test content, and are subsequently more
motivated to maintain their cognitive skills. As a result,
younger individuals put more effort into preparing for a
test. Thus, even though participants in both age categories
enrolled in the "Test-Taking and Thinking Skills" course
prior to the present research, it is not surprising that the
crystal ability composite for the younger age group was

significantly higher.
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Dispositions Toward Test Taking

Future Effects

Comparisons between participants' perceptions of the
future effects of their test scores before and after taking
the tests revealed a clear difference. Participants
perceived their test scores to have significantly more
future effects before taking the tests than after taking the
tests. One possible explanation for this difference is that
the match between the skills assessed by the tests and those
used on the job was not obvious to the test-takers. That
is, even though the construct validity of the tests was
statistically high, the face validity of the tests was low.
Therefore, participants did not perceive their test scores
as valuable to their placement into an entry-level
managerial position.

Across Age categories, participants under age 40
perceived their test scores to have significantly more
effects on their future than did participants age 40 and
over. This finding suggests that participants who have
worked in the same job title or within the same company for
an extended period of time perceive test taking as less
relevant to their eligibility for transfer or promotion.
Perhaps, their perceptions are related to the stages of a
career (Hall, 1976). According to Hall (1976), younger
individuals are more likely to try different jobs before

becoming established. Once they become established in a
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career, they plateau and maintain the career that already
has been achieved. Older individuals have plateaued, and
therefore have been removed from formal educational
experiences for a longer period of time. While they may
have applied basic skills to their job, they come to view
on-the-job experiences acquired over the years as more
indicative of future success in higher level positions than
selection tests. Therefore, older participants are less
likely to perceive the tests as having effects on their
future, than their younger counterparts.

Another explanation for this finding is related to
recent changes in organizational testing. The
administration of tests to select individuals for
organizational positions is more common today, than it has
been in the past (Gordon & Terrell, 1981). Thus, younger
individuals are more likely to expect to take tests, than
older individuals, in order to secure a position.

Preparation

Comparisons between treatment groups revealed a clear
difference in participants' levels of test preparation.
Across treatment groups, participants who received cognitive
skills training (i.e., TCT and TBT) felt that they were
significantly more prepared for the tests, than those who
received either general test-taking skills training or no
training (i.e., TGT and TXT). One obvious reason for this

difference was the additional classroom time that the TCT
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and TBT groups received. Another possible reason for their
feeling of increased preparation is the face validity of the
tests to training. The match between constructs assessed by
the tests and those in the cognitive skills training course
was obvious to the test-takers; therefore, participants felt
more prepared.

Participants' reactions to the cognitive skills
training confirmed these explanations. For example,
participants reported that the course was very meaningful
and applicable to job skills. In addition, participants in
the TCT and TBT groups reported that the course did assist
them with their preparation for the tests. In contrast,
those groups which did not receive training on cognitive
skills (i.e., TGT and TXT) did not feel adequately prepared.
Participants in the TGT group commented that the relevancy
of the general test-taking skills training to the
experimental tests or the applicability of that type of
training to their jobs was not understood.

Across time, participants reported spending
significantly more time preparing for the tests at time 2,
than they did for the tests at time 1. This finding is
obviously due to their participation in training, including
exposure to the tests at time 1 and training exercises. The
class time contributed a large number of hours to their
preparation. Also, after taking the tests at time 1,

participants formed expectations for the tests at time 2.
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As a result, those who did not receive training spent more
time preparing on their own, in anticipation of qualifying
for an entry-level managerial position.

Comparisons before and after the tests revealed a
difference in participants' perceptions of their preparation
levels. In general, participants perceived themselves as
more prepared before taking the tests than after taking the
tests. It seems that participants may have, in retrospect,
felt that the tests were not easy and subsequently thought
that they had not achieved high test scores. Perhaps, test
items required the use of skills that they did not refresh
or never had the ability to use. Such negative thoughts may
have caused participants to reflect on the types and amount
of preparation that they could have undertaken.

A difference in preparation was also found across
treatment groups and time. At time 1, the TXT group
indicated that they were more prepared for the tests than
the TCT and TBT groups. One possible explanation for this
finding is that participants in the TXT group knew that they
were not going to receive training, and consequently they
may have spent more time preparing for the tests at time 1.
In contrast, participants who knew they were going to
receive training did not spend as much time preparing for
the first set of tests, because they knew that they would be
trained before taking the second set of tests.

At time 2, however, the TCT and TBT groups perceived
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themselves as being significantly more prepared for the
tests than did the TGT or TXT groups. It appears that
training on cognitive skills, rather than general test-
taking skills, was viewed as adequate preparation for the
selection tests. The courses that included cognitive skills
instruction were face valid, longer in length, and required
participants to practice numerous exercises and drills.

Such characteristics must have influenced participants’
perceptions of their test preparation.

Test Ease

Across the treatment groups, all participants indicated
that the tests were not easy. However, comparisons showed
that the TBT and TXT groups reported the tests to be easier
than did the TGT and TCT groups. Participants who received
training on both general test-taking and cognitive skills
(i.e, TBT) were aware that they received a relatively larger
amount of preparatory materials than the other groups in the
present research. Such knowledge may have led to the
development of a self-fulfilling prophecy (i.e., their
knowledge of receiving the most training may have caused
them to think that the tests would be easier for them to
complete). On the other hand, participants who did not
receive training spent more time preparing on their own.
Such preparation may have caused the TXT group to feel less
anxious and more motivated; therefore, they perceived the

tests to be less difficult.
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A comparison between time and age categories revealed
that at time 1, participants age 40 and over perceived the
tests as significantly easier than did participants under
age 40 at time 2. A possible explanation for the change in
perceptions for the older participants over time is that
they expected the tests to be an extension of the
mathematic, grammar, and vocabulary skills that they use
everyday on their job. Subsequently, older participants
believed that their skill levels were fairly high and
therefore the tests would be relatively easy. Yet, many of
these individuals did not apply their skills in a testing
environment since schooling. The lack of test-taking
experience, coupled with their beliefs that the tests would
not affect their future, caused participants age 40 and over
to perceive the tests at time 2 as more difficult than at
time 1.

Oon the other hand, participants under age 40 had more
recent testing experiences. Because of their recent
experiences, they had more realistic expectations of the
tests!' difficulty at time 1. After taking the first set of
tests, the younger participants altered their expectations.
They then perceived the second set of tests as more
difficult than they had originally anticipated.

Motivation

In general, participants' motivation levels were high.

Across treatment groups, the TCT and TBT groups were
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significantly more motivated to perform well on the tests,
than the TGT and TXT groups. One explanation for this
finding is similar to that given for differences in
preparation across treatment groups. It appears that
individuals who refreshed their cognitive skills and
practiced test-related exercises were able to rebuild their
skill repertoire. Their increased level of preparation
caused them to feel more able, and subsequently more
motivated to attempt problems on the tests.

Across time, motivation levels decreased. Such
decreases appear to correspond with changes in two
dispositions: participants' increased perceptions of test
difficulty, and the reduction in perceptions of the tests!
future effects. When participants viewed the tests as being
difficult and having no affect on their future, their
motivation to perform well on the tests declined.

Across age categories, participants under age 40 were
significantly more motivated to perform well on the tests
than those age 40 and over. A possible explanation for this
finding may again relate to the lack of recent testing
experiences for participants age 40 and over. Their lack of
testing experience may have induced feelings of fear,
anxiety, and perhaps even helplessness in a testing
situation. Such feelings would be expected, particularly if
they did not perceive the direct relevancy of the test to

the managerial job. On the other hand, participants under
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age 40 who had more recent testing experiences reported
higher motivation levels. High motivation may be a result
of their increased familiarity with test taking techniques
and their use of similar cognitive skills in a number of
test-taking environments (e.g., SAT or GRE tests for
advanced schooling).

Comparative Anxiety

Testing effects analyses revealed that participants who
had training were significantly more anxious after taking
the tests at time 2 than those who did not have training.

An explanation for this finding may be that participants who
completed training and then thought that they did not
perform well on the tests felt disgruntled. In contrast,
the group that did not complete training had not invested as
much time into their test preparation. Subsequently, the
anxiety levels for this group did not increase as high as
those for the groups which did complete training.

For the training evaluation analyses, no differences
were detected between treatment groups or age categories for
participants' anxiety levels. However, there were
differences in anxiety, depending on the time that the tests
were taken. Participants reported being more anxious for
the tests at time 1 than the tests at time 2. These
findings may have been due to participants' unfamiliarity
with the tests and the testing situation at time 1.

Exposure to the tests and training helped reduce
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participants' anxiety levels at time 2.

Test Focus

Testing effects analyses revealed that participants who
received training (i.e., TGT, TCT, and TBT) had
significantly more difficulty focusing on the tests than
those who did not have training (i.e., TXT). Perhaps,
participants in the TGT, TCT, and TBT groups tried to recall
many pieces of information from their pre-test and training
experiences. As a result, they may have become overwhelmed
with the information, and became distracted from the test
content at time 2. 1In contrast, the TXT group was not
exposed to such an abundant amount of information, and
subsequently did not have difficulty focusing on the tests
at hand.

The training evaluation analyses indicated that there
were differences in participants' ability to focus on the
tests between treatment groups across time. In general, the
TBT group had more difficulty focusing on the tests at time
2 than the remaining groups. Perhaps participants in the
TBT group had higher anxiety levels, because they were
trying to apply both types of skills while taking the tests.
As a result, they became distracted and had difficulty
focusing on the test content.

In general, participants age 40 and over had more
difficulty focusing on the tests than those under the age of

40. A possible explanation for this finding may be that
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because of their lack of recent testing experiences, the
older participants were very anxious. Their feelings of
anxiety in turn led them to think about failure more often.
Consequently, they were distracted during the tests.
Limitations

While conducting the present research investigation,
some limitations were realized. First, a shortage of
advanced mathematical workbooks may have limited the
achievement level of some participants. Because the supply
of workbooks that reviewed advanced algebra and geometry was
exhausted and could not be replenished during the research
investigation, some participants were not able to review
advanced mathematical exercises outside of class. Although
mathematics is only a portion of the crystal composite and
advanced algebra and geometry were reviewed in class, some
adults preferred to review this material at home.

The second limitation was the administration of the
experimental tests after work hours. The experimental tests
were administered during the evening because company policy
prohibited employees to leave their work shift to
participate in the present research investigation. Because
the tests were administered after participants worked eight
hours, fatigue may have influenced participants' test
performance.

Another characteristic of the present research that may

have influenced participants' test scores is the weekly
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schedule. All training courses were delivered twice per
week. This schedule may have caused fatigue for some
participants, which in turn may have influenced their
ability to learn and practice test-preparation skills.
Nevertheless, the course schedule in the present research
was similar to that of other company-sponsored courses.

A third limitation to this research relates to lack of
control that the researcher had on restricting coufée
materials and information. Participants were asked not to
share the information that they received in class with
others in the investigation. However, some participants may
have shared the course instructions and materials with
others. By doing so, differences in training effects on the
composites may have been reduced.

A fourth limitation pertains to the amount of
involvement participants displayed throughout training. The
amount of homework participants completed outside of class
ranged from 0 to 30 hours per week. Similarly, participants
varied in their involvement levels during class. For
example, some participants asked many questions and
requested assistance from the instructor. 1In contrast, some
participants did not ask any questions and requested to
leave class early. So, while some individuals were passive
participants in the course, others were very active
learners. This wide range of involvement created within-

group variance and may have led to differential training
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effects. As Turkington (1992) stated, students must
actively participate, find answers to their own questions,
and tutor each other in order to learn and retain skills
over time. In order to obtain a more precise measure of
training effects, more stringent controls on participation
may be necessary.

The last limitation is related to the fact that all
participants were given an opportunity to review the study
guide for the management test battery before taking the
tests or receiving training. The study guide contained
information about the specific tests that comprised the
management test battery. Because participants were made
aware of the tests on the management test battery, they may
have concentrated only on these tests during training and
testing. As a result, performance on the tests that were
extracted from the non-management test battery may not be
completely accurate.

Future Research

One area in need of further research is the development
of a more comprehensive and detailed classification scheme
of tests that require fluid and crystallized intelligence.
For the present research, the tests were rated as measuring
a type of intelligence through a consensus meeting
procedure. Previous research has identified specific tests
that measure fluid and crystallized intelligence (e.qg.,

Horn, 1982), and when the same test is used, the same
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classification is used across investigations. The problem
lies in identifying those tests that have not been
previously classified in the literature. The classification
of a test as measuring either fluid or crystallized
intelligence is usually determined through theory and
educated guessing. Yet, many researchers do not even agree
on the origin of these types of intelligence or their
stability over time.

Varying definitions of fluid and crystallized
intelligence are provided throughout the cognition
literature. However, if tests used in each investigation
are not similar in content and structure to those classified
in the literature, tremendous cognitive demands are placed
on the raters. There is not a list of specific tests or
even guidelines for types of tests that measure fluid or
crystallized intelligence. These decisions are not minor in
the areas of intellectual functioning and trainability
research. The classification of tests lays the foundation
of theories of intellectual functioning and their
trainability. In order to improve the likelihood of
utilizing the appropriate training strategy, a
classification scheme for identifying tests as measures of
fluid and crystallized intelligence must be developed. 1In
addition, research needs to be conducted that can help
identify tests measuring each type of intelligence across

different age groups.
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Another research idea is related to the timing of
tests. The selection batteries utilized in this research
involved timed tests administered under standardized
conditions. The slower response speed of older adults
(Tomer, 1989) may limit the range of training effects
demonstrated when they are assessed under timed testing
conditions. Research should be conducted that examines
training assessment under both speed and power testing
conditions. If differences between these conditions are
found, appropriate educational interventions could be built
into the training program.

Throughout the training literature, researchers often
suggest that pre-test effects contaminate post-training
assessment. The present research should be replicated to
monitor training effects on the fluid and crystal composites
over several post-tests. By doing so, pre-test and
maintenance effects due to training could be more carefully
examined. Such research could provide information not on
how quickly skills are learned, but rather on how
individuals retain test-preparation knowledge and apply it
to future testing situations.

Another issue warranting future research is
theoretical, and pertains to the need for a comprehensive
view of the factors that modify cognitive abilities in
adults. Before individuals arrive at the testing situation,

many factors may have influenced their cognitive
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functioning, such as genetics, environment, job, education,
fatiqgue, motivation, etc. For example, Avolio and Waldman
(1987) contend that there may be a link between specific job
experiences and the influence that the content domain of a
selection test has on test performance. Further, basic
skills may have been taught in schools differently to
various generations, and these techniques may influence test
performance. Thus, it is imperative to conduct longitudinal
studies to examine the antecedent conditions that may
contribute to the maintenance or decline of cognitive
functioning that are pertinent to test performance. The
understanding of how individuals come to operate at their
current levels of functioning can lead to the designing of
more suitable and effective training programs.

Implications

Since this research was one of the few field
investigations that evaluated training interventions to
prepare adults for test taking, the results warrant
attention. This research showed that the lack of recent
test-taking experiences is a major contributor to lower test
score performance. Exposure to the test-taking situation
benefited future test performance. A reduction in an
extraneous factor (i.e., length of time away from test-
taking experiences) and exposure to a testing situation
helped individuals increase their test scores. Furthermore,

test anxiety appeared to be an influential moderator of test
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scores. For crystal abilities, moderate increases in
anxiety tended to result in increases in test performance.
In contrast, similar increases in anxiety negatively
affected performance on tasks requiring fluid abilities.
Therefore, educational programs must treat anxiety
differently, depending on the skills being trained.

Training on fluid abilities did not eliminate test
score differences between older and younger participants.
Perhaps training cannot compensate for biological factors or
extended periods of time in which fluid abilities were not
needed. However, exposing individuals to tasks requiring
fluid abilities may help maintain or slow their decline. If
organizations want to provide employees with such
opportunities, interventions that expose individuals to
fluid abilities must be provided throughout an employee's
career. For example, career planning and development
programs should consider the incorporation of various types
of skills (i.e., fluid and crystal skills) in an
individual's career. Thus, in an effort to reduce skill
obsolescence, fluid abilities must be periodically refreshed
and maintained. Through such ongoing programs, extraneous
test-taking factors are eliminated and fluid test scores are
improved.

Training on cognitive skills was found to be effective
for improving crystallized intelligence. Cognitive skills

training was viewed by participants as desirable and
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valuable to their test preparation for both fluid and
crystal abilities. Although such training was not effective
in improving fluid abilities, favorable reactions to the
course are important for participants! acceptance of
training information, motivation levels, and active
involvement in the course. General test-taking skills
training, on the other hand, was viewed by participants as
being unnecessary to test preparation. Such training was
not effective in improving fluid or crystal ability test
scores. Future training programs should not just include
general test-taking skills information. It appears that
training and practice on cognitive skills is an important
and desired aspect of adult education programs. If general
test-taking skills instruction is to be included in an
educational program, it should be combined with cognitive
skills training.

Conclusions

The current investigation offers additional empirical
evidence to the limited amount of research on aging,
training, and personnel test performance. Four hypotheses
were proposed and investigated in the present research. The
first hypothesis of greater increases in test scores due to
test-taking training was supported. Training effects for
the fluid composite indicated that groups receiving training
on general test-taking and test-related content skills had

greater test scores than groups that did not receive
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training. This finding supports earlier research which
stated that training can be utilized to improve fluid
intelligence.

Training effects for the crystal composite showed that
groups receiving cognitive skills training significantly
increased their test scores from time 1 to time 2. The
instructional methods of practice, exercises, and drills
employed during the cognitive skills training may be
appropriate for refreshing crystal skills. In order to
improve fluid or crystallized intelligence, cognitive skills
training should be included as part of the training
strategy.

The hypothesis of greater increases in test scores for
those age 40 and over was not supported. In general, the
test scores for older participants increased, but at the
same rate as those for younger participants. Test-
preparation training influenced the test scores for
participants in both age categories equally. On the fluid
composite, differences between age categories were found at
time 1 and time 2; however, these differences were not
present on the crystal composite. While in school,
individuals must overlearn crystal abilities (e.g.,
multiplication tables, spelling bees, historical facts).
Tasks requiring crystallized intelligence greatly perpetuate
the learning environment, relative to those requiring fluid

intelligence. As a result, individuals are more likely to
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recall and reuse tasks that were overlearned in a formal
environment than those that are learned informally through
personal experience. In addition, these results coincide
with the literature stating that fluid intelligence is more
likely to decline over time than crystallized intelligence.

The hypothesis of greater increases in fluid test
scores over time was supported. Regardless of training,
simple exposure to the test at time 1 led to increases in
the fluid test score composite at time 2. On fluid
abilities, exposure to the pretest appeared to be adequate
for large improvements in test scores. In order for crystal
abilities to improve, training on cognitive skills appeared
to be necessary.

The last hypothesis of more positive changes in test
dispositions (e.g., decreases in test anxiety) after
training was partially supported. Groups that received
cognitive skills training felt more prepared for the second
test, than those who received general test-taking skills
training or no training. However, other differences in
dispositions toward test taking (i.e., reductions in
motivation and anxiety) appeared to be due to exposure to
the first test, rather than training effects.

In summary, this investigation offers support for the
effectiveness of educational training programs designed to
help adults prepare to take tests. Furthermore, this

research provides insight into individuals' dispositions
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toward test taking, and how these dispositions relate to

test scores.
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