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Abstract

The primary purpose of this study was to determine if any items on the Canadian
Forces Aptitude Test (CFAT) possessed any degree of bias on the basis of Aboriginal
status. A secondary goal was to investigate the possibility of using another well-
established measure of cognitive ability to select Aboriginal Peoples for employment in
the Canadian Forces (CF). To achieve these ends, the CFAT, Wonderlic Personnel Test
(WPT), Raven’s Standard Progressive Matrices (SPM) and Mill Hill Vocabulary Scale
(MHV) were administered to Aboriginal Peoples (n = 101} living in special access and
remote communities. The same four tests were also administered to a reference group
composed of recruits (n = 108) undergoing basic training in the CF.

Aboriginal Peoples scored significantly lower than the recruits on all verbal
measures of cognitive ability. However, both groups performed similarly on both
nonverbal measures of cognitive ability, the CFAT Spatial Ability (SA) scale and SPM.
Differential Item Functioning (DIF) analysis, using logistical regression, detected a few
items from the CFAT, SPM and MHYV that displayed DIF, but none from the WPT. The
two CFAT items that displayed DIF came from the Verbal Skill scale.

The “four-fifths” rule was used to determine if the CFAT had an adverse impact
on Aboriginal Peoples. The CFAT scores of the Aboriginal participants were compared
against the scores of Anglophone Non-Commissioned Member applicants. Selection
ratios for both groups, based on CFAT scores, indicated that the CFAT did have an
adverse impact on Aboriginal Peoples for all military occupational families; adverse
impact was more severe for the Administration, Operator, Technical and Mechanical
occupations. Selection of Aboriginal Peoples into the CF, based on the SPM and the
CFAT Spatial Ability scale, coupled with English or French language training, may offer
an alternative procedure that will increase the number of qualified Aboriginal Peoples

accepted into the CF.
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Determining if the Canadian Forces Aptitude
Test is Biased Against Canadian Aboriginal Peoples
Introduction

When selecting job applicants on the basis of test scores, it is critical to avoid bias
that may unfairly influence applicants’ scores (Hambleton & Rodgers, 1995). In order to
meet this requirement, selection tests must be fair to all applicants and not be biased
against a segment of the applicant population (Zumbo, 1999). Bias is the presence of
some characteristic of an item that results in differential performance for two individuals
of the same ability but from different ethnic, sex, cultural, or religious groups (Hambleton
& Rodgers, 1994). Test bias can result in systematic errors that distort inferences made in
selection or placement.

Testing the learning ability of potential recruits is a cornerstone of the Canadian
Forces (CF) selection process. The Canadian Forces Aptitude Test (CFAT) is a cognitive
ability measure used by the CF to screen and place suitable applicants. The 60-item test is
comprised of two 15-item subscales (Verbal Skills and Spatial Ability) and one 30-item
subscale (Problem Solving). The Verbal Skills (VS) scale assesses a candidate’s ability to
understand the meanings and uses of words. The Spatial Ability (SA) scale measures a
candidate’s ability to mentally manipulate a variety of complex three-dimensional
figures. Because no reading is required to complete the SA, it is essentially a nonverbal
measure. Finally, the Problem Solving (PS) scale measures a candidate’s ability to use
mathematical and deduction skills in solving number and word problems. The CFAT is a

timed test arranged in ascending order of difficulty.
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In order to enrol in the CF, each applicant must write the CFAT and achieve a
predetermined minimum cut off score set at the tenth percentile. CFAT scores are also
used to determine which military occupations recruits are suitable for. Different

occupations require different cut-off scores (see Table 1).

Table 1

CFAT Cut-off Score for the Various Military Families

Military Family Minimum VSPS  Minimum PS  Minimum CFAT Total

Steward 10 %ile
Cook 20 %ile
General Military 20 %ile
Administration 40 %ile
RMS Clerk 40 %eile 30 %ile
Mechanical 40 %ile
Operator 40 %ile
Technical 40 %ile

Note. VSPS = [ VS %ile + PS %ile ] / 2

The CFAT is not biased against gender or language (Zumbo & Hubley, 1998a).
However, there are some concerns that the CFAT may be biased against Aboriginal
Peoples (Boswell, R. A, personal communication, June 22, 2001}

The controversy concerning cognitive ability tests and Aboriginal Peoples is not

unique to the CF. Although the literature relating to Aboriginal Peoples and test bias is
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meagre (Osborne, 1985), there is evidence that many of the cognitive measures being
used for selection are biased against Aboriginal Peoples (Brescia & Fortune, 1989;
Darou, 1992; Kleinfield & Nelson; 1991; McShane & Plas; 1984). Aboriginal students
tend to score 20 points lower than Caucasian students on verbal tests of cognitive ability
(McShane & Plas, 1984). Likewise, Aboriginal Peoples have been found to have lower
mean test scores, often as much as one standard deviation, in comparison to the majority
population (McShane & Berry, 1988). Selection tests consistently underestimate the
ability of Aboriginal Peoples. Consequently, Aboriginal Peoples may be denied
opportunities or may be relegated to low paying jobs (Brescia & Fortune, 1989).

In an effort to overcome the bias of verbal cognitive ability tests, some
researchers have proposed the use of nonverbal tests. Aboriginal students tend to score
about five points higher on nonverbal tests of cognitive ability than Caucasian students
(McShane & Plas, 1984). However, the use of nonverbal cognitive ability test in selection
has not been without criticism. Parmar (1989) reviewed the literature on the relationship
between cultural bias and tests of nonverbal intelligence and found inconsistent results.

Unfortunately, despite the consensus that cognitive ability tests are biased against
Aboriginal Peoples, there is no general agreement or proposal on methodology for
treatment of this problem (Schwartz, 1999). The purpose of this study is to determine if
any items on the CFAT are biased against Aboriginal Peoples. If the CFAT is biased
against Aboriginal Peoples, the second purpose of this study is to determine if another

well established verbal or nonverbal test of cognitive ability could be used in lieu of the

CFAT.



CFAT Bias 4

General Cognitive Ability

General cognitive ability tests have been used in personnel! selection for more than
80 years (Outtz, 2002). Testing for general cognitive ability is the best way to classify a
large number of applicants in terms of probable success in job performance (Schmidt &
Hunter, 2000). General cognitive ability is the ability to grasp and reason correctly with
concepts and solve problems (Schmidt & Hunter, 2000). To put it simply, general
cognitive ability is the ability to learn (Hunter, 1986; Hunter & Schmidt, 1996). People
who are more intelligent learn more job knowledge and learn it faster. Conversely, people
cannot perform a job well if they don’t know how to do it. Even jobs that most people
would consider simple such as truck driver or machine operator require considerable job
knowledge (Schmidt & Hunter, 2000). General cognitive ability is also related to
people’s ability to adapt to novel, complex or changing situations (Gottfredson, 1986).

General cognitive ability is probably the best measured and most studied human
trait (Gottfredson, 2002). It is one of the best predictors of trainability and job
performance (Jensen, 1986; Ree & Carreta, 1997, Ree & Earles, 1992; Schmidt &
Hunter, 1998). When job performance is measured objectively using carefully
constructed work sample tests, the correlation with general cognitive ability is .70 and
when performance is measured using supervisor ratings, the correlation with general
cognitive ability is over .60 for all jobs (Schmidt & Hunter, 1998). Regardless of the job,

general cognitive ability predicts amount learned in training with validity of about .56

(Hunter & Hunter, 1984).
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Aboriginal Peoples and Cognitive Ability

In a review of research on cognitive ability among Aboriginal Peoples, Osborne
(1985) found that over a period of 10 years, only 28 studies have been conducted (16 in
the U.S,, 12 in Canada). Despite the limited number of studies on cognitive ability among
Aboriginal Peoples (Osborne, 1985), some important discoveries have emerged from that
research. Inuits appear to have an uncanny ability to comprehend rotated visual
configurations (Klienfeldt, 1973) and perform well on nonverbal measures of spatial
ability and inductive reasoning (McArthur, 1973). Well-developed visual perception
skills have been found among other Aboriginal groups. Aboriginal Peoples across North
America tend to perform well on visual and spatial components of cognitive ability tests
(McShane & Berry, 1988). In contrast, Aboriginal Peoples tend to perform poorly on
verbal measures (McShane & Berry, 1988).

There is no conclusive explanation for the disparity of Aboriginal Peoples
performance on verbal and nonverbal measures of cognitive ability. However some
researchers have suggested that testing in one’s secondary language may contribute to
these results (Krywanuik & Das, 1976; Zarske & Moore, 1982). For many Aboriginal
Peoples, English is a second language. Sattler (1982) notes that language related factors
often confound attempts to accurately measure the cognitive ability of people from
various cultures. Even if individuals have an adequate level of English reading and
writing skills, testing in their first language is preferable. Li (1999) provides evidence
that, even when two culturally different groups are using the same language at the same
level of proficiency, inter-cultural communications conveys two-thirds less information

than that of intra-cultural communication.
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Nonverbal Measures of Cognitive Ability

Verbal measures of cognitive ability underestimate the performance of Aboriginal
Peoples (Brescia & Fortune, 1989, Darou, 1992; Kleinfield & Nelson; 1991; McShane &
Plas; 1984). On the other hand, Aboriginal Peoples tend to do well on nonverbal measure
of intelligence (McShane & Berry, 1988; McShane & Plas, 1984). Although there are
many types of nonverbal measures of cognitive ability, the majority of these tests tend to
measure spatial ability and/or inductive reasoning.

Spatial ability instruments measure a candidate’s ability to generate, retain, and
transform a variety of complex three-dimensional figures (Allen, Kirasic, Dobson, Long,
& Beck, 1996). Spatial ability has long been recognized as a factor contributing to
success in mathematics, natural sciences, engineering, architecture, and other fields of
study (Miller & Bertoline, 1991; Rhoades, 1981). It predicts an individual's ability to do
jobs that require visual analysis and assembly.

There seem to be three main ways in which spatial ability might contribute to
mathematics: (1) Geometry emphasizes spatial relationships (Brown & Wheatley, 1989);
(2) Some degree of spatial ability is necessary for the correct placement and alignment of
digits, and as such must play a part in multi-digit arithmetic (Dahmen, Hartje, Biissing, &
Sturm, 1982); and (3) Tt is possible that spatial representations of the mathematical
relationships in a2 word problem can facilitate its solution (Wheatley, 1991).

Nonverbal measures of inductive analytical reasoning measures the ability to
discern meaning in confusion, and the ability to perceive and identify relationships
(Raven, Raven & Court, 1998a). In other words, inductive or analytical reasoning

involves the ability to reason and solve problems involving new information, without
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relying on a base of knowledge derived from pervious experience or schooling
(Carpenter, Just, & Shell, 1990). Tests of inductive or analytical reasoning are considered
to be measures of higher order cognitive ability and are thought to be one of the finest

measures of general intelligence (Stough, Nettlebeck, & Cooper, 1993).

Test Bias

According to classical test theory, the observable test score is made up of a true
score and an error score. True scores are the score an individual should receive on the test
if there were no errors. Error scores are random errors and exist in all psychological tests.
Random errors are unrelated to the individual’s true score and can either increase or
decrease an individual’s true score. In the long run, these increases and decreases will
even out so that there is no effect. Unfortunately, test scores can also be affected by an
error that is not random called test bias. Test bias refers to a systematic or constant error
of measurement in a specified direction, as opposed to random error, associated with
group membership (Reynolds & Brown, 1997).

Test fairness is often confused with test bias, but they are not the same thing
(Campbell & Cotton, 1994). Test fairness relates to how a test is used, while test bias
refers to statistical properties of the test (Cronshaw, 1991). The Society for Industrial and
Organizational Psychology (SIOP; 1987) states, “Fairness or lack of fairness is not a
property of the selection procedure, but rather a joint function of the procedure, the job,
the population, and how the scores from it are used.” (p. 49). A test is considered fair if it
allows all test takers the same chance to demonstrate their abilities (Fairweather, 1986).

A biased test may be used fairly. One acceptable method is to generate separate cut off
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scores for different groups based on separate prediction formulas (American Educational
Research Association, American Psychological Association, and National Council on
Measurement in Education, 1999),

There are a number of different forms in which test bias can present itself such as
construct bias, method bias, or item bias (van de Vijver & Tanzer, 1998). Construct bias
occurs when the construct or trait that is being measured is not identical across cultural
groups. Method bias can be related to group differences on a latent factor that is not
related to the factor being studied. Item bias occurs when one group of examinees are less
likely to answer one or more items correctly than another group of examinees because of
some characteristic of the test or testing situation that is not relevant to the test purpose

(Clauser & Mazor, 1998).

Employment Eguity

In recent years, the CF has made a considerable effort to increase the
representation of Aboriginal Peoples in the CF (Murray, 1999). This drive for diversity
was fuelled primarily by amendments that were made to the Employment Equity Act in
1996 (Bussiere, 1997). Prior to 1996, the CF was exempt from the Act that required all
federal government agencies to increase the representation of designated minority groups
(women, Aboriginal Peoples, visible minorities, and people with disabilities) in their
employee pool until it attained a level that is reflective of the Canadian workforce.

In compliance with the Employment Equity Act, the CF conducted an analysis of
the composition of its service members (Ewins, 1997). The representation of designated

minority groups in the CF was far below that of the Canadian population. Specifically,
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14.1% of CF members identified themselves as female, 2.1% as visible minorities and
1.4% as Aboriginal Peoples, compared to the composition of the Canadian workforce
where 50.7% of Canadians were female, 9.4% were visible minorities and 3.2% were
Aboriginal Peoples (Smith, 1995).

Initially, researchers believed that the discrepancy between the representation of
the Canadian population and the CF was a consequence of the CF’s inability to attract
members of designated minority groups. However, the Environics Research Group
Limited (1997) demonstrated that the CF was indeed attracting individuals from
designated minority groups. Nonetheless, the number of interested members of
designated minority groups largely outweighed the actual number of minorities enrolled
in the CF.

A review of the entire recruitment and selection process was undertaken to
determine why members of designated minority groups were not enrolling in the CF
despite their stated interests. The results of this analysis indicated that one of the two tests
used to screen suitable applicants, the General Classification (GC) Test was biased
against members of designated minority groups (Guelph Centre for Occupational
Research, 1997). Although the CF no longer administers the GC, its successor, the
Canadian Forces Aptitude Test (CFAT), was derived in part from the GC.

Prior to the implementation of the CFAT, the GC was used in conjunction with
the Canadian Forces Classification Battery (CFCB). The administration of both the GC
and CFCB was very time consuming. The CFAT was designed to streamline the selection
process. The items of the CFAT were derived from a combination of items from both the

GC and CFCB. Therefore, there were some concerns that the CFAT might also be biased
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against minority groups. In light of this concern, the CF commissioned two separate
studies to analyse the cultural fairness of the CFAT. Although both studies used the same
data set, each study employed different methods to detect item bias. Using the four-fifths
tule of adverse impact, Bussiere (1997) found that the CFAT was adversely biased
against Aboriginal Peoples. In a separate study, Zumbo and Hubley (1998b) used
Differential Item Functioning (DIF) analysis to demonstrate that the CFAT was not
biased against Aboriginal Peoples. Zumbo and Hubley (1998b) argue that the
contradictory findings between the two studies were due to methodological and analytical
differences.

In an attempt to determine whether or not the CFAT was indeed biased against
Aboriginal Peoples and/or other designated minority groups, the CF commissioned yet
another study using the four-fifths rule of adverse impact (Organization and Management
Solutions & Myklebust, 2000). This study concluded that there was no evidence of
adverse impact against Aboriginal Peoples, visible minorities and females. However, it

did find that non-Aboriginal Peoples were 1.5 times more likely to be enrolled in the CF

than Aboriginal Peoples.

Determining if the CFAT is Biased

The primary objective of this study is to test whether the CFAT is biased against
Aboriginal Peoples. To determine this, two approaches will be used. First logistical
regression will be used to determine if any items of the CFAT display DIF. The second

approach will entail the use of the four-fifths rule to determine if the CFAT adversely
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impacts against Aboriginal Peoples. Multivariate and univariate analysis will also be used
to assess group differences on tests means.

In order for the CFAT to be considered a fair and unbiased measure of cognitive

ability for Aboriginal Peoples, the following conditions should be met:

1. There should not be significant group differences on test means between
Aboriginal and non-Aboriginal Peoples on the CFAT total score, VS scale, SA
scale and PS scale;

2. None of the items of the CFAT should display DIF; and

3. The CFAT should not adversely impact against Aboriginal Peoples.

Differential Item Functioning (DIF)

Differential Item Functioning (DIF) is one the most effective methods of
detecting test bias (Zumbo, 1999). DIF statistical techniques are based on the assumption
that examinees that have the same amount of an underlying trait that is being measured
should perform similarly on different items of the test regardless of their group
membership (Hambleton, Swaminathan, & Rogers, 1991). If one group of examinees
performs differently on any item, then DIF is said to be present. Ackerman (1992)
contends that DIF is due to the presence of a secondary nuisance dimension that intrudes
on the ability being measured. For example, a word problem on a test of mathematical
ability may inadvertently measure verbal ability as well. Consequently, examinees with
low verbal ability may perform differently from examinees with high verbal ability, even

though examinees from both groups may have the same mathematical ability.
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In DIF analysis, the goal is to compare the performance of two groups. The Focal
group is usually composed of the subpopulation of interest to the researcher, whereas the
Reference group serves as the standard for comparison (Stark, Chernyshenko, Chuah, Lee
& Wadlington, 2001). DIF is a necessary but not sufficient condition for item bias
{Zumbo, 1999). In other words, if DIF is not present, then there is no item bias. On the
other hand, the presence of DIF is not sufficient to pronounce that an item is biased. In
order to determine if an item is indeed biased one would need to conduct a follow up

study using content or empirical analysis.

Logistical Regression. Although a variety of DIF analysis methods exist, logistical
regression is the most recommended and effective method (Robie, Mueller, & Campion,
2001; Clauser & Mazor, 1998; Zumbo, 1999). Several studies have demonstrated that,
compared to other popular procedures like the Mantel-Haenszel (MH) and Simultaneous
Item Bias Test (SIBTEST), logistical regression has comparable power to detect uniform
DIF and superior power to detect non-uniform DIF (uniform and non-uniform DIF are
described on page 13; Li & Stout, 1996; Narayanan & Swaminathan, 1994: Rogers &
Swaminathan, 1993; Whitmore & Schumacker, 1999). Power is defined as the rate of
correct identification of items that display DIF (Jodoin & Huff, 2001).

Another advantage of logistical regression is that it is less sensitive to sample size
than Item Response Theory (IRT) methods of DIF. Consequently, logistical regression is
the method of choice when sample sizes are less than 200 per group (Robie et al., 2001,

Swaminathan & Rogers, 1950).
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Logistical regression is based on a statistical modeling of the probability of
correctly responding to an item by group membership (i.e. Focal group and Reference
group) and a criterion variable (usually scale or subscale score; Zumbo, 1999; see
Appendices A, B and C for a more complete explanation on how to conduct and interpret
DIF analysis using logistic regression). In logistical regression, a model comparison is
performed in which an item response (0 = incorrect, 1 = correct) is predicted by the scale
score under investigation, group membership (0 = Reference, 1 = Focal), and the
interaction between scale score and group membership (Robie et al., 2001). These
variables are entered hierarchically in the following order:

Step 1: Scale score,
Step 2: Group membership, and
Step 3: Interaction between scale score and group membership.

For an item to be classified as displaying DIF, two criteria must be met. The DIF
must be statistically significant and the magnitude of the significance (effect size) must
be substantial and meaningful (Robie et al., 2001: Zumbo, 1999). To assess significance,
a likelihood ratio Chi-squared (x°) test is computed. In order to meet the first criterion,
the p-value for the two-degree of freedom y*-value must be < 0.01 (Zumbo, 1999). An
alpha level of .01 is used to control for the number of statistical tests being conducted
(Robie et al., 2001).

The second criterion requires effect size to be substantial and meaningful. To
meet the second criterion, the entire model (scale score, group membership, scale score

x group membership) must account for at least 13% of the variance in the outcome

variable (Robie et al., 2001; Zumbo & Thomas, 1997). Zumbo and Thomas (1997) have














































































































































































































































































































































































































































































