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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 &om the CFAT, SPM and MHV that displayed DIF, but none &om the WPT. The 
two CFAT items that displayed DIF came from the Verbal Skill scale.

The "fbur-frffhs" 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 &om 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 (Veibal Skills and Spatial Ability) and one 30-item 

sub scale (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

CfWT fAe FrnVowf AA/ffw}"

Military Family Minimum VSPS Minimum PS Minimum CFAT Total

Steward 10 %ile

Cook 20 %ile

General Military 20 %Ue

Administration 40 %ile

RMS Clerk 40%ile 30 %ile

Mechanical 40 %ile

Operator 40 %ile

Technical 40 %ile

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 m^ority 

population (McShane & Berry, 1988). Selection tests consistently underestimate the 

ability of Aboriginal Peoples. Consequently, Aboriginal Peoples may be denied 

opportunities or may he 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.
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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, conqilex or changing situations (Gott&edson, 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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Aboriginai 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 &om that 

research. Inuits appear to have an uncanny ability to comprehend rotated visual 

conGgurations (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 pofbrm 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 &om 

various cultures. Even if individuals have an adequate level of English reading and 

writing skills, testing in their Grst language is preferable. Li (1999) provides evidence 

that, even when two culturally different groups are using the same language at the same 

level of proGciency, 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 m^ority 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, Harqe, Bussing, & 

Sturm, 1982); and (3) It is possible that spatial rq>resentations of the mathematical 

relationships in a 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 &om 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 oAen 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 Aom it are used." (p. 49). A test is considered Air if it 

allows all test takers the same chance to demonstrate their abilities (Fairweather, 1986).

A biased test may be used Airly. 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 trak 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 Equity

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 &om 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. SpeciGcally,
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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 &om 

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 ClassiAcation (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 6om the GC

Prior to the implementation of the CFAT, the GC was used in conjunction with 

the Canadian Forces ClassiGcation 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 &om a combination of items j&om 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 fbur-Gfths 

rule 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 fbur-hfths 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 fbur-fiAhs 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 h-om 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 sufGcient 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-unifbrm 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 recession 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, 1990).
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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 signiGcance (effect size) must 

be substantial and meaningful (Robie et al., 2001: Zumbo, 1999). To assess signiGcance, 

a likelihood raGo Chi-squared (%̂ ) test is computed. In order to meet the Grst criterion, 

the p-vahie for the two-degree of Geedom%^-value must be < 0.01 (Zumbo, 1999). An 

alpha level of .01 is used to control for the number of staGstical tests being conducted 

(Robie et al., 2001).

The second criterion requires effect size to be substanGal and meaningful. To 

meet the second cnterion, 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
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devised a simple procedure to examine effect size. The Zumbo-Thomas eSect size 

measure is correlated with other DIF procedures like the MH and SIB test (Gierl, Rogers, 

& Klinger, 1999).

DIF analysis is based on the assumption that both groups have the same amount 

of an underlying trait that is being measured. However, in reality, unequal ability 

distribution between Focal and Reference group is quite common (Jodoin & Huff  ̂2001). 

Type I error rate increases and power decreases when the ability distribution of the Focal 

and Reference groups have unequal means (Narayanan & Swaminathan, 1994). Type I 

errors occurs Wien items are identified as exhibiting DIF, when, in fact, DIF is not 

present (Jodoin & Huff  ̂2001). When using logistical regression, the use of tests of 

significance that consider effect size reduces the Type I error rate associated with ability 

distribution differences (Jodoin & Gierl, 2001: Narayanan & Swaminathan, 1994; Rogers 

& Swaminathan, 1993); even when the sample is small (Jodoin & Huff) 2001).

Unifonn vs. Non-unifbrm DIF. In the absence of DIF, the item characteristics curves 

(ICC) for the two groups would be the same (see Figure 1). ICC is an s-shaped curve that 

represents the relationship between the item and total score. Figure 2 presents an example 

of an item that displays a substantial uniform DIF The DIF is uniform because the ICCs 

for both groups are similar in shape, however one ICC is shifted to the right or to the left 

of the other; the ICCs do not cross, A uniform DIF may indicate that the item is not an 

equivalent measure of the same variable for both groups (Zumbo, 1999). In other words, 

the probability of getting the item correct is different for both groups and these 

differences are fairly stable across score levels (Robie et al., 2001). An example of an
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item displaying a non-unifbrm DIF is presented in Figure 3. The DIF is non-unifbrm 

because the ICC of one group is different in shape and crosses over the ICC of the other 

group. For those individuals who score at or above the mean (i.e. z > 0), Group 2 is 

favoured whereas fbr those scoring below the mean (i.e. z < 0) Group 1 is favoured 

(Zumbo, 1999). In other words, the probabilities fbr getting the item correct are different 

A)r the two groups and the differences are not necessarily stable across score levels 

(Robie et al., 2001).
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PurUying the Matching Variable. Holland and Thayer (1988) note that in the process 

of conducting a DIF analysis one should "purify the matching criterion". That is, items 

that are identified as DIF are omitted, and the total or scale score is recalculated. This 

recalculated score is then used as the matching criterion fbr a second logistical regression 

DIF analysis. Again, all items are assessed. In addition, Holland and Thayer (1988) 

suggest that the item under examination should be included in the matching criterion 

even if it was identified as displaying DIF and excluded &om the criterion fbr all other 

items. This procedure decreases Type I errors (Zumbo, 1999).

Adverse Impact

The term adverse impact has legal implications and refers to a situation in which 

group differences in test performance results in a disproportionate selection of members 

of a protected group (Clauser & Mazor, 1998). The fbur-fifths rule is an operational 

procedure that is often used to detect adverse impact. According to the fbur-fifths rule, 

adverse impact occurs when the selection rate fbr designated minority groups is less than 

fbur-fifths that of the comparison group (Catano, Cronshaw, Wiesner, Hackett & Methot, 

2001). The fbur-fifths rule is based on the Impact Ratio, which is the ratio of the selection 

rate fbr the minority group to the selection rate fbr the m^ority group (EEOC, 1978).

There are some criticisms towards the use of the fbur-Gfth rule to identify adverse 

impact (Vining, McPhilips, & Boardman, 1986). The fbur-fifth rule ignores the concepts 

of chance and statistical significance (Organization and Management Solutions & 

Myklebust, 2000). More specifically, the fbur-fifth rule is susceptible to Type I and Type 

n  errors (Boardman, 1979; Greenberg 1979). Type I error is the risk of falsely identifying
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cases of adverse impact where none exists. Type n  error is the likelihood of &iling to 

identify cases of adverse impact when it does exists. When sample sizes are small, there 

is an increased risk of Type I errors. Conversely, when sample sizes are large, there is an 

increased risk of Type II errors.

There is also some criticism towards applying the fbur-fifths rule of adverse 

impact to detect item bias (Camilli & Sheppard, 1994). Although the detection of adverse 

impact may raise some concerns about the selection process it does not mean that a test is 

biased (Camilli & Shepard, 1994). Zumbo and Hubley (1998b) argue that adverse impact 

is not related to test performance and that its use in item bias detection ignores sampling 

variability.

Despite these criticisms, the fbur-fifths rule of adverse impact is still the most 

favoured method fbr determining adverse impact in employment discrimination cases 

(Morris & Lobsenz, 2000). This popularity is credited to the fact that the fbur-fifths rule 

is straightfbrward and easy to implement.

Finding a Suitable Replacement for the CFAT

If the CFAT is biased, the second objective of this study is to determine if another 

valid and reliable verbal or nonverbal measure of cognitive ability could be used in lieu 

of the CFAT Unfbrtunately researchers cannot agree on any one test as being suitable fbr 

Aboriginal Peoples. One thing researchers can agree on is that verbal measures of general 

cognitive ability are biased against Aboriginal Peoples (Brescia & Fortune, 1989; Darou, 

1992; Kleinfield & Nelson; 1991; McShane & Plas; 1984). On the other hand, nonverbal 

measures of general cognitive ability are believed to biased towards Aboriginal Peoples
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(McShane & Plas, 1984). However, this relationship between nonverbal measures and 

cultural bias has not been consistent (Parmar, 1989).

To accomplish the second objective, two well-established verbal and nonverbal 

measures of cognitive ability were selected fbr use in this study. The Wonder lie 

Personnel Test (WPT) is a reliable verbal measure of general cognitive ability that has 

been used extensively in industrial and organizational psychology (Dodrill, 1983). The 

Raven's Standard Progressive Matrices (SPM) is generally regarded as a culture &ir non

verbal test of cognitive ability (Marshaldc, Lohman, & Snow, 1983). However, by itself 

the SPM does not provide a complete assessment of an individual's cognitive ability 

(Raven, et al., 2000). To better assess cognitive ability, the Mill-Hill Vocabulary scale 

(MHV) is often administered with the SPM (Raven, et al., 2000). Therefore, it was 

decided to include the MHV in this study.

A DIF analysis will be conducted to evaluate the suitability of selecting 

Aboriginal Peoples with the WPT, SPM and MHV. Prior to the DIF analysis, the 

reliabilities of the CFAT, SPM, MHV and WPT will be examined. Multivariate and 

univariate analysis will also be used to assess group differences on tests means.

Correlation analysis will be performed to examine the relationships between each 

measure. Of particular interest is the relationship of CFAT, SPM and MHV to the WPT. 

Of all the cognitive ability measures being used in this study, the WPT is the most widely 

used and highly regarded. A high correlation between the WPT and the remaining 

measures will provide evidence fbr convergent validity. Convergent validity, which is a 

type of construct validity, refers to the principle that measures that should be related are 

in reality related (Trochim, 2000). Construct validity refers to how well the test measures



CFAT Bias 22

ability, characteristics or other attributes of the test taker (Cronbach & Meehl, 1955). 

Convergent validity can be demonstrated with a correlational analysis between the 

measures in question with an established measure of the ability under study. Correlations 

between theoretically similar measures should be "high" while correlations between 

theoretically dissimilar measures should be "low" (Trochim, 2000).

WonderUc Personnel Test

The WPT is a 50-item test designed to measure verbal, numerical, analytical and 

spatial abilities (Murphy, 1984). The items are arranged in order of difficulty, beginning 

at a modest level and gradually increasing (Wonderlic, 1997). The WPT measures the 

level at which an individual learns, understands instructions and solves problems. The 

test produces an overall score based on the number of items answered correctly in 12 

minutes. The WPT comprises both multiple choice and short answer questions and 

requires a sixth grade reading level (Frisch & lessop, 1989).

The publisher of WPT claims that the test is culture &ee and has few effects on 

minorities. However, Chan (1997) found that Ahican Americans had lower predictive 

validity perceptions towards the WPT than Caucasians. Since predictive validity 

perceptions are positively correlated with performance on the WPT, Chan concluded that 

A&ican Americans would receive lower scores. On the other hand, Dodrill (1981) found 

that the predictive validity of the WPT was not influenced by variables such as sex, age, 

emotional adjustment and years of education.

In order fbr the WPT to be an unbiased and reliable measure of cognitive ability 

fbr Aboriginal Peoples, the fbllowing conditions should be met:
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1. There should not be significant group differences on test means between 

Aboriginal and non-Aboriginal Peoples on the WPT; and

2. None of the items of the WPT should display DIF.

Raven's Standard Progressive Matrices

Raven's Standard Progressive Matrices (SPM) is considered one of the best 

available measures of general intelligence and complex reasoning (Marshalek, Lohman,

& Snow, 1983). The SPM is a nonverbal test designed to assess inductive or analytical 

reasoning (Bors & Stokes, 1998).

The SPM meets all the criteria fbr what is generally considered to be a culture fair 

test (Albert, 1998a). The test is not timed, is free of culturally laden material, does not 

involve language, can be administered individually or to groups and the instructions can 

be pantomimed (Vincent, 1991). The SPM is unbiased against a culturally diverse 

population including Aboriginal Peoples (Raven, Raven & Court, 2000). Furthermore, 

researchers have found that the primary language of Navfyo adolescents (Navajo or 

English) did not influence SPM scores (Sidles, MacAvoy, Bemstone, & Kuhn, 1987).

The SPM was designed fbr use to assess adults of average intelligence.

The SPM consists of 60 items divided into five sets of 12. Each set and the items 

within each set get progressively harder. The easier problems at the beginning of each set 

provide training fbr solving the more difficult subsequent problems (Matthews, 1988). 

Even though the stimuli themselves are completely nonverbal, the SPM correlates highly 

with verbal measures of cognitive ability (Saccuzzo & Johnson, 1995).
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In order fbr the SPM to be an unbiased and reliable measure of cognitive ability 

fbr Aboriginal Peoples, the fbllowing conditions should be met:

1. There should not be significant group diSerences on test means between 

Aboriginal and non-Aboriginal Peoples on the SPM;

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

3. To display construct validity, the SPM should correlate positively and highly 

with the WPT and CFAT.

Mill Hill Vocabulary Test

Because the SPM measures only nonverbal ability, it is not a complete measure of 

general intelligence (Raven et al., 2000). In order to get a more complete picture, the 

publishers' of SPM recommend using the test in coiyunction with the Mill Hill 

Vocabulary scale (MHV). The MHV is a measure of reproductive ability. Reproductive 

ability is the ability to recall and use verbal knowledge (Raven et al., 2000).

The MHV comes in a variety of forms. For the purpose of this study, the Senior 

Multiple Choice fbrm was used. The MHV consists of 68 items divided into two sets of 

34. Each item within each set gets progressively harder.

There is no evidence that the MHV is a fair or unbiased test. However, without 

the MHV, an individual's ability to understand or comprehend verbal or written language 

would not be assessed. In order fbr recruits to successfully complete basic and 

occupational training they must be able to function in either an English or French 

environment. Including the MHV with the SPM, allows fbr an exploration of the fairness
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of the MHV with a sample of Aboriginal Peoples. This study will focus solely on the 

ability to comprehend and use English words.

In order fbr the MHV to be an unbiased and reliable measure of cognitive ability 

fbr Aboriginal Peoples, the fbllowing conditions should be met:

1. There should not be significant group differences on test means between 

Aboriginal and non-Aboriginal Peoples on the MHV;

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

3. To display construct validity, the MHV should correlate positively with the 

WPT and CFAT
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Method

Participants

Prior to the administration of the tests, participants were briefed on the purpose of 

the study and were asked to read and sign an informed consent fbrm. Participation in this 

study was voluntary. Participants were informed that they could refuse to participate and 

that they could terminate their participation at any time. Aboriginal Peoples received fifty 

dollars fbr their participation in this study.

Focal Group

The Focal group was composed of 101 Aboriginal Peoples (63.4% male v. 36.6% 

females) living in three special access and one remote community in northern Manitoba. 

According to Indian and Northern Affairs Canada (INAC) special access refers to a First 

Nation community that does not have a year round road access to the nearest service 

access (2002a). A remote community refers to a First Nation community that is over 350 

kilometre &om the nearest service access and has year round road access (INAC, 2002a). 

A slight m^ority of participants indicated that English was their primary language 

(50.5%) while the remainder used Ojicree (33.7%) or a local dialect (15.8%). Although 

participants ranged 6om 18 to 28 years of age, the m^ority (69.3%) were 22 years or 

younger. The m^ority of participants (71.3%) had completed grade 10 or higher. Table 2 

presents a break down of participants by last grade completed.

Several of the Aboriginal Peoples who participated in the study (28 .7%) had not 

completed grade 10 and were not eligible to join the CF Of the eligible participants, 

several Aboriginal Peoples (29.2%) did not meet the CFAT minimum score required fbr
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Anglophone Non-commissioned Members (NCM) applicants. Consequently, a new group 

was created by dropping the non-eligible participants &om the Focal group. This new 

group was created to allow more appropriate comparisons with the Reference group, 

which consisted of CF recruits who had completed grade 10 and met the required 

minimum score on the CFAT.

Eligible Group

The Eligible group was composed of 51 Aboriginal participants including 28 

males (54.9%) and 23 females (45.1%). A slim majority of participants indicated that 

English was their primary language (51%) while the remainder used Ojicree (27.5%) or a 

local dialect (21.6%). Although participants ranged &om 18 to 27 years of age, the 

m^ority (62.1%) were 22 years or younger. A break down of participants by last grade 

completed is presented in Table 2.

Reference Group

The Reference group was composed of 108 CF recruits undergoing basic training 

at the Canadian Forces Leadership and Recruit School in Saint Jean, Quebec. Eighty- 

three (76.9%) males and 25 (23.1%) females participated in this study. Although 

participants ranged &om 18 to 45 years of age, the m^ority (68 .5%) were 25 years or 

younga" (48.1% were 22 years or younger). The minimum education requirement fbr 

enrolment in the CF is grade 10. Therefore, unlike the Focal group, all participants in the 

Reference group had completed grade 10 and had met the minimum score required on the 

CFAT. A break down of participants by last grade completed is presented in Table 2.
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Table 2

BreaWowM q/"Foca/ Growp, E/fgzA/g wzc/^^rgMce Growp 6yZ/Mf Graok CompZeW

Focal Eligible Recruits

Last Grade Completed N % N % N %

8 7 6.9 0 0 0

9 22 21.8 0 0 0

10 19 18.8 9 17.6 1 0.9

11 23 22.8 15 29.4 10 9.3

12 27 26.7 24 47.1 50 46.3

13 0 0 1 0.9

Some College 3 2.97 3 5.9 23 21.3

College Diploma 0 0 10 9.3

Some University 0 0 9 8.4

University Degree 0 0 4 3.7

Total 101 100 51 100 108 100
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Measure)

Canadian Forces Aptitude Test

The CFAT is a speeded test arranged in ascending order of difficulty. This test is 

composed of 60 items that measures three facets of cognitive ability: verbal skills (VS), 

spatial ability (SA) and problem solving (PS). Each scale produces a score, which is 

combined into one overall score. Items not completed are scored as incorrect.

The VS, SA and PS scales have internal consistency reliabilities of .87, .88 and 

.91 respectively (Black, 1999). The ability of the CFAT to predict occupational 

performance has been demonstrated by numerous studies (Campbell, 2001; Ibel &

Cotton, 1994; MacLennan, 1997; Woycheshin, 1999).

WonderUc Personnd Test

The WPT is a group-administered test of general cognitive ability consisting of 50 

short answer and multiple-choice items that must be completed in twelve minutes. The 

WPT correlates highly with the WAIS-R (r = .92; Dodrill & Warner, 1988) and has an 

internal consistency reliability ranging 6om .83 to .89 (McKelvie, 1989). Test re-test 

reliabilities range 6"om .82 to .94 (Wonderlic, 1997). In an earlier study, the WPT 

correlated moderately with the CFAT total score among two different samples (r = .63 

and r = .69: Albert, 1998b).

Raven's Standard Progressive Matrices

The SPM consists of 60 items divided into five sets of 12 diagrammatic puzzles 

(Raven et al., 2000). Each two-dimensional puzzle has a part missing that the test taka-
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must identify among the options provided. Concurrent validity with the Wechsler Adult 

Intelligence Adult Intelligence Scale-Revised (WAIS-R) ranges &om .65 to .88 (Burke, 

1985; Sheppard, Fiorentino, Collins, 1968). The SPM has an internal consistency 

reliability of .96 (Burke, 1985). Test re-test reliabilities range 6om .87 to .92 (Nkaya, 

Huteau, & Bonnet, 1994). In a previous study (Albert, 1998b), the SPM correlated with 

the WPT (r = .49) and with the CFAT (f = .49). The SPM correlated most strongly with 

spatial ability subscale of the CFAT (r = .51).

MÜ1 Hill Vocabulary Test

The MHV also comes in a variety of forms. For the purpose of this study, the 

MHV Senior Multiple Choice fbrm was used. The MHV Senior fbrm consists of 68 

multiple choice items dived into two sets. The published internal consistency reliability 

of the MHV is .90 (Raven, Raven & Court, 1998b). Test re-test reliabilities range &om 

.74 to .90 (Watts, Baddeley, & Williams, 1982). Previous research has shown that the 

MHV correlated modestly with the SPM (r = .34 to r = .46; Deary, 1995), which suggest 

that both tests measure different aspects of cognitive functioning.

Procedure

Focal Group and Eligible Group

Aboriginal participants were asked to complete the CFAT, WPT, SPM, and MHV 

in a single session. The CFAT was administered first, fbllowed by the WPT, SPM and 

MHV. Participants were given a fiffeen-minute break between the administration of the 

CFAT and the WPT, and a five-minute break between the WPT and the remainder of the
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tests. The administration of the tests fbllowed the procedures outlined in the respective 

tests manual (Director Recruiting Education and Training, 1998; Raven, Raven & Court, 

2000; Raven, Raven & Court, 1998b; Wonderlic, 1997).

Reference Group

The same procedures used in administering the tests to the Focal group were used 

with the recruits with one exception. The recruits were only asked to write the WPT,

SPM and MHV. With the express permission of the recruits, the CFAT data were 

obtained &om archival databases. The recruits bad already written the CFAT prior to 

enrolling in the CF.

Data Analysis 

Descriptive Statistics

The means and standard deviations fbr each measure were examined to determine 

the distribution of sample and to examine group differences. Cronbach's alphas were 

calculated to assess the reliability of each scale.

Comparison of Means

It was predicted that there would be no significance differences in test means on 

the nonverbal measures (CFAT SA, SPM) between the Aboriginal and non-Aboriginal 

Peoples. Conversely, it was expected that there would significant differences on the 

verbal measures of cognitive ability (CFAT VS and PS, WPT, MHV) between the 

Aboriginal and non-Aboriginal Peoples.
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The rationale for forming the Eligible group was that the Focal group and 

Reference group were not equal because of education and CFAT scores. These 

difkrences would, thus, confound the results. In order to verify this prediction, test 

means were compared separately fbr the Focal and Reference groups and fbr the Eligible 

and Reference groups using multivariate and univariate analyses.

Almost half of the Aboriginal Peoples in both the Focal and Eligible groups 

indicated that English was not their primary language. Testing individuals in their second 

language may confbund test results of verbal measures. Consequently, separate univariate 

analyses of covariance were perfbrmed fbr each test to determine if the difference in test 

means between groups was significant after controlling fbr language. Language was 

expected to influence perfbrmance on the verbal measures of cognitive ability (CFAT VS 

and PS, WPT, MHV) but not on the nonverbal measures (CFAT SA, SPM).

In addition, a multivariate analysis of covariance was perfbrmed to determine if 

the difference in group means between the Focal and Eligible groups were significant 

after controlling fbr education and CFAT total score. It was anticipated that the results 

would be similar to those fbund in the multivariate and univariate analyses of Eligible 

and Reference groups. If the results were similar, than it could be argued that the creation 

of the Eligible group was justified.

Prior to conducting the analysis, the data fbr each group were examined to 

determine whether or not they met the necessary assumptions. The data fbr each scale, 

with the exception of the CFAT VS, met the assumptions of homogeneity of variances, 

normality, linearity, homogeneity of regression and reliability of covariance. The CFAT 

VS scale did not have equal variance. However, this was not considered an issue because
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the Reference group (n = 108) produced more variances than the Focal and Eligible 

groups (Tabachnick & Fidell, 2001)\ Although several outliers were detected, they were 

kept in the analysis^.

Correlation Analysis

A correlation analysis examined the relationship between the CFAT, WPT, SPM 

and MHV. Separate analyses were conducted fbr the Reference, Focal, Eligible and 

combined groups.

Differential Item Functioning (DIF) Analysis

To detect DIF, logistical regression was perfbrmed fbllowing the methods 

outlined by Zumbo (1999) and endorsed by Swaminathan and Rogers (1990). For an item 

to be classified as displaying DIF, the p-value fbr the two-degree of &eedom in 

logistical regression had to be < 0.01 (Robie et al., 2001; Zumbo, 1999). Furthermore, 

the e@ect size (JR^)had to be > 0.130 (Zumbo & Thomas, 1997).

Prior to conducting a DIF analysis, the data sets fbr each group were examined to 

determine whether or not they met the necessary assumptions required fbr DIF analysis. 

The underlying assumption of DIF statistical techniques is that examinees of both groups 

have the same amount of the underlying trait that is being measured. Violating this 

assumption increases the rate of Type I error and decreases the power (Narayanan &

' A Mann-Whitney test was perArmed on the CFAT VS data because it did no meet the assumption of 
hnmngeneity of variances. However, the results of the nonpaiametiic test were similar to (hat of the 
univahate analysis of variance.
 ̂A MANCOVA of the CFAT, SPM, MHV and WPT was conducted with outhers leA in and with outliers 

deleted. There was no diSerence in the results.
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Swaminathan, 1994). A review of the means in Table 2 suggests that the CFAT SA and 

SPM data meets this assumption. On the other hand, there is a significant difference in 

the distribution of means between the groups among the remaining CFAT scales, WPT 

and MHV. However, several studies have demonstrated that Type I error rate associated 

with ability distribution differences decreases when eSect size is taken into consideration. 

(Jodoin & Gierl, 2001; Narayanan & Swaminathan, 1996; Rogers & Swaminathan,

1993). With this in mind a DIF analysis of the CFAT, SPM, WPT and MHV items was 

still conducted.

Several items &om the SPM and WPT did not meet the assumption of adequacy 

of expected &equencies and power. According to this assumption, the &equencies of 

responses far each item must be greater than one. In addition, to ensure adequate power, 

no more than 20% of all of the &equencies must be less than five. The 6equencies fbr 

four SPM and two WPT items were not greater than one. Logistic regression could not be 

perfbrmed on these items because there was no variance in item response patterns.

Two items 6om the MHV scale (A1 and Bl) were practice items and were not included 

in the analysis. With regards to all the tests, there was no evidence of multicollinearity or 

singularity. Although several outliers were detected, it was decided to keep them in the 

analysis^.

Logistic regression was used to compare the Focal group against the Reference 

group as well as the Eligible group against and the Reference group. The results were the 

same fbr both analyses. Therefbre, only the results of the DIF analysis fbr the Focal and 

Reference groups will be reported.

 ̂A DIF analysis of the CFAT, SPM, MHV and WPT were conducted with outliers left in and with outliers 
deleted. There was no diSerence in the results.
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Adverse Impact

The fbur-fifths rule was used to determine if the CFAT adversely impacted 

against Aboriginal Peoples. According to this rule, adverse impact is established when 

the selection rate fbr designated minority groups is less than fbur-Sfths of the of the non

designated minority group. For example, imagine that 60 % of Aboriginal Peoples met 

the criteria fbr enrolment in the CF based on CFAT score, while 80% of non-Aboriginal 

Peoples met the requirement. The Impact Ratio of Aboriginal Peoples who meet the 

criteria to that of non-Aboriginal Peoples is .75 (60/80), which is less than fbur fifths. 

Consequently, it can be alleged that the CFAT was adversely impacting against 

Aboriginal Peoples.

To determine if the CFAT was adversely impacting against Aboriginal Peoples, 

the selection rates fbr recruits enrolling in the CF were calculated &om the entire 

Anglophone NCM recruit applicant CFAT scores that have been collected since 1997 (n 

= 53169). It was not possible to determine the actual selection rates fbr the recruit 

applicant population because it was not known which recruit applicant was actually 

selected or which occupation the applicant was selected fbr. Also, there are other 

requirements and assessment tools used during the selection process that were not taken 

into account. Instead, the term selection rate is used in this study to describe the 

percentage of Anglophone NCM recruit applicants who achieved the minimum CFAT cut 

score regardless of whether or not they had been selected. The same is true of the 

Aboriginal Peoples selection rate. For the purpose of this study, the Aboriginal Peoples 

selection rate refers to the percentage of Aboriginal Peoples who achieved the minimum 

CFAT cut score. Selection rates were also calculated fbr the percentage of Anglophone
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NCM recmit applicants and Aboriginal Peoples who meet the minimum CFAT score 

required for selection into the various families of military occupations. Once again, these 

percentages were determined based on CFAT score regardless of which occupations 

Anglophone NCM recruit applicants had been selected for. All of the Anglophone NCM 

recruit applicants had completed, as a minimum, grade 10. Therefore, only Aboriginal 

Peoples who had completed grade 10 (n = 72) were included in this analysis.
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Results

Descriptive Statistics

The means and standard deviations for each measure are presented in Table 3. 

There are considerable differences in Focal and Reference group means among the 

CFAT, WPT, SPM and MHV. However, there was no significant difference between the 

Eligible and Reference groups on the SPM. Furthermore, a closer look at the CFAT 

reveals that although there were differences in means among the VS and PS scales there 

was no significant difference between the Eligible and Reference groups on the SA scale. 

This is not surprising since the SA scale is a nonverbal measure.

There was no significance difference in mean scores between males and females 

on the WPT, SPM, MHV and all subscales of the CFAT. This was true for both 

Reference and Aboriginal Peoples groups.

Canadian Forces Aptitude Test

The means and standard deviations for each item of the CFAT are presented in 

Tables 4 through 6. As can be seen in Table 4, the Reference group scored considerably 

higher than the Focal and Eligible groups on the m^ority of items &om the VS scale. On 

the other hand, all three groups performed similarly on the SA scale (see Table 5). The 

Eligible group scored higher than the Reference group on the m^ority of the SA items. 

The Reference group scored noticeably higher on the m^ority of the PS scale items 

(Table 6). A closer inspections reveals that the Focal and Eligible groups obtained their 

highest score on items PS2, PS3, PS4, PS5 and PS13. These items consisted of questions 

measuring basic math ability (PS3, PS4, PS5) and the ability to discern simple patterns 

(P2, P13). Conversely, the Focal and Eligible group performed poorly on questions
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composed of word problems (PS29, PS28) and mathematical equations involving 

factions and/or decimal points (PS 19, PS22, PS24).
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Table 3

Dgfcrÿ/fyg q/^CR47] AgfFoW  fFPT foca/, E/;g%6/e aW

^ ^ re a c e  Gro&pf

Focal Group Eligible Group Reference Group

(N= 101) (N = 51) (N=108)

Scale Subscales Mean SD Mean SD Mean SD

CFAT VS 4.78' 2.46 5.88^ 2.54 8.60 3.56

SA 8.35^ 2.84 9.84 2.32 9.19 2.72

PS 9.20' 5.39 12.06^ 5.63 17.73 5.36

Total 22.33' 8.70 27.78^ 8.13 35.52 8.95

SPM Set A 11.44 .82 11.53 .86 11.25 1.43

SetB 9.93 2.05 10.49 1.74 10.69 1.26

Set C 8.63 1.93 9.00 1.92 9.11 1.65

SetD 8.17 2.48 8.76 2.27 8.70 2.18

SetE 4.23 2.66 4.94 2.67 5.15 2.98

Total 42.47^ 7.49 44.86 6.70 45.15 6.68

MHV Set A 20.82 4.46 22.41 4.87 25.81 3.65

SetB 20.46 4.61 22.51 4.33 25.44 4.86

Total 41.39' 8.68 45.31^ 8.32 51.07 7.31

WPT Total 14.21' 5.71 16.82^ 5.06 23.08 5.42

' Difkrence between the Focal and Reference group signiGcant at .001 
 ̂DiSerence between the Focal and Reference group signiScant at .05 
 ̂Difkrence bdween the Eligible and Reference group âgniScant at .001
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Table 4

Defcnp/rve q/̂  CFWT Ferba/ /fewf

Scale

Focal Group 

(N= 101) 

Mean SD

Eligible Group 

(N=51) 

Mean SD

Reference Group 

(N=108) 

Mean SD

VSl .44 .50 .45 503 .56 .50

VS2 .20 .40 .27 .45 .61 .49

VS3 .36 .48 .51 .51 .81 .39

VS4 .17 .38 .20 .40 .68 .47

VS5 .19 .39 .27 .45 .47 .50

VS6 .51 .50 .55 .50 .63 .49

VS7 .23 .42 .29 .46 .58 .50

VS8 .26 .44 .35 .48 .58 .50

VS9 .74 .44 .80 .40 .67 .47

VSIO .36 .48 .47 .50 .71 .45

VSll .30 .46 .41 .50 .69 .47

VS12 .29 .46 .43 .50 .43 .50

VS13 .19 .39 .22 .42 .52 .50

VS14 .19 .39 .20 .40 .27 .45

VS15 .38 .49 .45 .50 .39 .49
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Tables

CPWT .ÿxzfza/ AAz/zfy /fezzzf

Focal Group Eligible Group Reference Group

(N= 101) (N=51) (N=108)

Scale Mean SD Mean SD Mean SD

SAl .75 .43 .88 .32 .81 .40

SA2 .78 .42 .88 .33 .79 .41

SA3 .69 .46 .78 .42 .70 .46

SA4 .69 .46 .90 .30 .79 .41

SA5 .64 .48 .75 .44 .78 .42

SA6 .68 .47 .82 .39 .67 .47

SA7 .64 .48 .76 .43 .69 .46

SA8 .55 .50 .67 .48 .78 .42

SA9 .51 .50 .59 .50 .64 .48

SAIO .64 .48 .65 .48 .73 .45

SAll .57 .50 .73 .45 .52 .50

SA12 .29 .46 .35 .48 .37 .49

SA13 .16 .37 .20 .40 .27 .45

SA14 .37 .48 .39 .49 .31 .48

SAl 5 .36 .48 .49 .51 .34 .48
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Table 6

Dgfcrÿfrvg CR4T froA/em Af/vzMg/femf

Focal Group Eligible Group Reference Group

(N=101) (N=51) (N=108)

Scale Mean SD Mean SD Mean SD

PSl .42 .50 .49 .51 .79 .41

PS2 .54 .50 .67 .48 .81 .39

PS3 .46 .50 .61 .49 .76 .43

PS4 .48 .50 .59 .50 .75 .44

PS5 .49 .50 .71 .46 .78 .42

PS6 .30 .46 .43 .50 .67 .47

PS7 .39 .49 .55 .50 .59 .49

PS8 .42 .50 .45 .50 .77 .42

PS9 .42 .50 .59 .50 .76 .43

PSIO .36 .48 .51 .51 .70 .46

PS ll .28 .45 .39 .49 .56 .50

PS12 .19 .39 .22 .42 .74 .44

PS13 .46 .50 .61 .49 .72 .45

PS14 .41 .49 .55 .50 .68 .47

PS15 .32 .47 .39 .49 .59 .49

PS16 .35 .48 .39 .49 .67 .47

PS17 .23 .42 39 .49 .46 .50

PSI8 .40 .49 .55 .50 .60 .49



CFAT Bias 43

Table 6 continued

Focal Group Eligible Group Reference Group

(N= 101) (N=51) (N=108)

Scale Mean SD Mean SD Mean SD

PS19 .15 .36 .16 .37 .40 .49

PS20 .22 .42 .33 .48 .59 .49

PS21 .34 .48 .47 .50 .72 .45

PS22 .15 .36 .24 .43 .38 .49

PS23 .21 .41 .29 .46 .40 .49

PS24 .12 .33 .14 .35 .36 .48

PS25 .22 .42 .31 .47 .61 .49

PS26 19 .39 .18 .39 .52 .50

PS27 .30 .46 .31 .47 .29 .45

PS28 .15 .36 .16 .37 .39 .49

PS29 .14 .35 .14 .35 .30 .46

PS30 .17 .38 .25 .44 .38 .49

WonderUc Personnel Test

The item means and standard deviations for the WPT are presented in Table 7. 

The Reference group scored considerably higher than the Focal and Eligible groups on 

the m^ority of items. Although the differences between means were smaller, the Eligible 

group tended to score higher than the Focal group. Aboriginal Peoples had particular
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difficulty with items involving word comparisons, sentence parallelisms, and word 

problems requiring mathematics and logic.
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Table?

Focal Group Eligible Group Re&rence Group

(N= 101) (N=51) (N=108)

Scale Mean SD Mean SD Mean SD

WPTl .9? .1? 1.00 .00 .95 .21

WPT2 .8? .34 .90 .30 1.00 .00

WPT3 .88 .33 .92 .2? .98 .14

WPT4 .88 .33 .96 .20 .9? .1?

WPT5 .58 .50 ?6 .43 .93 .26

WPT6 .5? .50 .6? .48 .83 .3?

WPT? .?2 .45 ?6 .43 .88 .33

WPT8 .53 .50 .65 .48 .82 .38

WPT9 .61 .49 ?1 .46 ?1 .45

WPTIO .39 .49 .49 .50 .83 .3?

WPTIl .44 .50 .65 .48 .83 .3?

WPT12 .3? .48 .55 .50 .?4 .44

WPT13 .56 .50 .61 .49 ?8 .42

WPT14 .22 .41 .33 .48 .63 .49

WPTl 5 .25 .43 .43 .50 .56 .50

WPT16 .53 .50 .?5 .44 .?3 .45

WPTl? .15 .36 .25 .44 .50 .50

WPT18 .31 .46 .49 .50 .61 .49
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Focal Group Eligible Group Reference Group

(N= 101) (N=51) (N=108)

Scale Mean SD Mean SD Mean SD

WPTl 9 .34 .47 .37 .49 .44 .50

WPT20 .44 .50 .59 .50 .81 .40

WPT21 .05 .22 .06 .24 .41 .49

WPT22 .51 .50 .49 .50 .34 .48

WPT23 .16 .37 .24 .43 .56 .50

WPT24 .20 .40 .31 .47 .36 .48

WPT25 .44 .50 .50 .50 .80 .40

WPT26 .40 .49 .55 .50 .81 .40

WPT27 .04 .20 .06 .24 .28 .45

WPT28 .26 .44 .20 .40 .56 .55

WPT29 .08 .27 .14 .35 .28 .45

WPT30 .07 .26 .10 .30 .44 .50

WPT31 .03 .17 .02 .14 .10 .30

WPT32 .27 .44 .29 .46 .35 .48

WPT33 .25 .43 .24 .43 .37 .49

WPT34 .07 .26 .10 .30 .19 .40

WPT35 .00 .00 .00 .00 .02 .14

WPT36 .04 .20 .08 .27 .09 .29

WPT37 .00 .00 .00 00 .06 .23



Table 7 continued.

CFAT Bias 47

Scale

Focal Group 

(N= 101) 

Mean SD

Eligible Group 

(N=51) 

Mean SD

Reference Group 

(N=108) 

Mean SD

WPT38 .02 .14 .02 .14 .15 .36

WPT39 .17 .38 .18 .39 .21 .4

WPT40 .07 .26 .06 .24 .21 .41

WPT41 .03 .17 .04 .20 .10 .30

WPT42 .00 .10 .02 .14 .13 .34

WPT43 .09 .29 .10 .30 .30 .46

WPT44 .05 .22 .04 .20 .09 .29

WPT45 .00 .00 .00 .00 .01 .10

WPT46 .02 .14 .02 .14 .08 .28

WPT47 .02 .14 .02 .14 .06 .23

WPT48 .00 .00 .00 .00 .00 .00

WPT49 .00 .00 .00 .00 .07 .26

WPT50 .00 .00 .00 .00 .01 .10
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Raven's Standard Progressive Matrices

The item means and standard deviations for the SPM are presented in Tables 8 

through 12. The Reference group tended to score slightly higher than the Aboriginal 

Peoples groups. However, for the most part the differences in means were quite small.

Tables

Focal Group Eligible Group Reference Group

(N= 101) (N=51) (N=108)

Scale Mean SD Mean SD Mean SD

A1 .98 .14 .98 .14 .99 .10

A2 .99 .10 .98 .14 .99 .10

A3 .99 .10 .98 .14 .99 .10

A4 .99 .10 .98 .14 .99 .10

A5 1.00 .00 1.00 .00 1.00 .00

A6 1.00 .00 1.00 .00 1.00 .00

A7 .98 .14 1.00 .00 .97 .17

AS .96 .20 .98 .14 .94 .23

A9 1.00 .00 1.00 .00 .99 .10

AlO .97 .17 1.00 .00 .95 .21

A ll .93 .26 .96 .20 .90 .30

A12 .64 .48 .67 .48 .63 .49
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Table 9

Focal Group Eligible Group Reference Group

(N= 101) (N= 51) (N=108)

Scale Mean SD Mean SD Mean SD

B1 .99 .10 .98 .14 .99 .10

B2 .97 .17 .96 .20 .98 .14

B3 .98 .14 .98 .14 98 .14

B4 .99 .10 1.00 .00 .98 .14

B5 .98 .14 .98 .14 1.00 .00

B6 .82 .39 .80 .40 93 .26

B7 .72 .45 .75 .44 80 .41

B8 .72 .45 .88 .33 84 .37

B9 .71 .46 .80 .40 .85 .36

BIO .86 .35 .94 .24 .95 .21

B lI .66 .48 .76 .43 .71 .45

B12 .52 .50 .65 .48 .63 .49
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Table 10

Focal Group 

(N= 101)

Eligible Group 

(N=51)

Reference Group 

(N=108)

Scale Mean SD Mean SD Mean SD

Cl .97 .17 1.00 .00 1.00 .00

C2 .94 .24 .96 .20 .99 .10

C3 .93 .26 .94 .24 .96 .19

C4 .90 .30 .90 .30 .82 .38

C5 .98 .14 1.00 .00 .96 .19

C6 .77 .42 .80 .40 .85 .36

C7 .91 .29 .88 .33 .93 .26

C8 .66 .48 .73 .45 .62 .49

C9 .64 .48 .69 .47 .78 .42

CIO .47 .50 .47 .50 .47 .50

C ll .31 .46 .37 .49 .45 .50

C12 .15 .36 .25 .44 .27 .45
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Table 11

Focal Group Eligible Group Reference Group

(N= 101) (N=51) (N=108)

Scale Mean SD Mean SD Mean SD

D1 .98 .14 1.00 .00 .99 .10

D2 .86 .35 .88 .33 .94 .23

D3 .83 .38 .88 .33 .92 .29

D4 .82 .39 .88 .33 .90 .30

D5 .87 .34 .92 .27 .93 .26

D6 .76 .43 .84 .37 .83 .37

D7 .74 .44 .80 .40 .76 .43

D8 .70 .46 .82 .39 .65 .48

D9 .68 .47 .75 .44 .65 .48

DIO .64 .48 .71 .46 .73 .45

D ll .29 .46 .29 .46 .29 .45

D12 .07 .26 .08 .27 .10 .30
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Table 12

Focal Group Eligible Group Reference Group

(N= 101) (N=51) (N=108)

Scale Mean SD Mean SD Mean SD

El .75 .43 .76 .43 .82 .38

E2 .62 .49 .71 .46 .73 .45

E3 .53 .50 .63 .49 .69 .46

E4 .38 .49 .41 .50 .45 .50

E5 .38 .49 .43 .50 .60 .49

E6 .42 .50 .55 .50 .44 .50

E7 .36 .48 .43 .50 .37 .49

E8 .24 .43 .33 .48 .43 .50

E9 .20 .40 .25 .44 .24 .43

ElO .11 .31 .14 .35 .20 .41

E ll .05 .22 .04 .20 .09 .29

E12 .02 .14 .04 .20 .06 .25



CFAT Bias 53

Mill Hill Vocabulary Scale

The item means and standard deviations for the MHV are presented in Tables 13 

and 14. The Reference group scored considerably higher than the Focal and Eligible 

groups on the nuyority of items. Although the differences between means were smaller, 

the Eligible group tended to score higher than the Focal group.
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Table 13

Focal Group Eligible Group Reference Group

(N= 101) (N=51) (N=108)

Scale Mean SD Mean SD Mean SD

MAI l.OO .000 1.00 000 1.00 .00

MA2 .58 .50 .67 .48 .97 .17

MA3 .97 .17 1.00 .00 .99 .10

MA4 .85 .36 .94 .24 .97 .17

MA5 .34 .47 .45 .50 .93 .26

MA6 .36 .48 .49 .50 .78 .42

MA7 .54 .50 .65 .48 .90 .30

MA8 .56 .50 .61 .49 .93 .26

MAP .64 .48 .80 .40 .95 .21

MAIO .14 .35 .22 .42 .43 .50

M All .35 .49 .45 .50 .81 .40

MA12 .25 .43 .41 .50 .61 .49

MAI 3 .19 .39 .24 .43 .31 .47

MA14 .51 .50 .69 .47 .79 .41

MAI 5 .15 .36 .18 .39 .18 .38

MAI 6 .24 .43 .27 .45 .53 .50

MAI 7 .21 .41 .22 .42 .19 .39

MA18 .28 .45 .31 .47 .59 .49
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Focal Group Eligible Group Reference Group

(N= 101) (N=51) (N=108)

Scale Mean SD Mean SD Mean SD

MA19 .29 .45 .25 .44 .13 .34

MA20 .13 .34 .20 .40 .20 .40

MA21 .15 .36 .18 .39 .07 .26

MA22 .27 .44 .31 .47 .46 .50

MA23 .16 .37 .22 .42 .28 .45

MA24 .12 .33 .22 .42 .38 .49

MA25 .26 .44 .27 .45 .29 .45

MA26 .25 .43 .27 .45 .20 .40

MA27 .20 .40 .16 .37 .13 .34

MA28 .10 .30 .10 .30 .09 .29

MA29 .23 .42 .25 .44 .16 .37

MA30 .21 .41 .25 .44 .18 .38

MA31 .09 .29 .00 .27 .11 .32

MA32 .16 .37 .12 .33 .09 .29

MA33 .16 .37 .16 .37 .06 .25

MA34 .19 .39 .16 .37 .14 .35



CFAT Bias 56

Table 14

Focal Group Eligible Group Re&rence Group

(N= 101) (N=51) (N=108)

Scale Mean SD Mean SD Mean SD

MBI 1.00 .00 1.00 .00 1.00 .00

MB2 .69 .46 .80 .40 .88 .33

MB3 .83 .38 .92 .27 .94 .25

MB4 .34 .47 .45 .50 .62 .49

MB5 .64 .48 .75 .44 .93 .26

MB6 .56 .50 .71 .46 .81 .39

MB7 .62 .49 .80 .40 .88 .33

MBS .55 .50 .73 .45 .94 .25

MB9 .45 .50 .53 .50 .77 .42

MBIO .44 .50 .57 .50 .86 .35

M Bll .47 .50 .55 .50 .91 .29

MB12 .26 .44 .37 .49 .63 .49

MB13 .28 .45 .33 .48 .69 .46

MB14 .11 .31 .20 .41 .27 .45

MB15 .24 .43 .33 .48 .31 .47

MB16 .33 .47 .39 .49 .48 .50

MBI7 .13 .34 .12 .33 .17 .37

MB18 .15 .36 .16 .37 .12 .33
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Focal Group Eligible Group Reference Group

(N= 101) (N=51) (N=108)

Scale Mean SD Mean SD Mean SD

MB19 .13 .34 .16 .37 .30 .46

MB20 .13 .34 .16 .37 .17 .37

MB21 .17 .38 .14 .35 .35 .48

MB22 .25 .43 .31 .47 .52 .50

MB23 .16 .37 .22 .42 .09 .29

MB24 .12 .33 .16 .37 .16 .37

MB25 .18 .38 .24 .43 .19 .40

MB26 .23 .42 .25 .44 .18 .38

MB27 .19 .39 .18 .39 .32 .47

À$B28 .19 .40 .25 .44 .15 .36

MB29 .11 .31 .14 .35 .10 .30

MB30 .12 .33 .16 .37 .16 .37

MB31 .11 .31 .16 .37 .20 .40

MB32 .10 .30 .14 .35 .12 .33

MB33 .06 .24 .08 .27 .19 .40

MB34 .21 .40 .16 .37 .08 .28
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Reliabilities

Cronbach alphas (a) for each test are presented in Table 15. Overall, the 

reliabilities found in this study for the CFAT, SPM, MHV and WPT were much lower 

than then those previously reported. This was true of both the Aboriginal Peoples groups 

and the Reference group. According to Nunnally and Bernstein (1994) tests should have 

at a minimum a reliability coefGcient of .80. However, when important decisions are to 

be made with test scores, an internal consistency coefBcients of .90 is the minimum with 

.95 or higher a desirable standard. With a reliability of .90 for the combined group of 

participants, the CFAT was the only measure to meet the higher standards. Nonetheless, 

the CFAT PS scale, SPM and MHV did have reliability coefficients greater than .80. The 

reliabilities of CFAT VS and SA scales and WPT fell below the .80 guideline. However, 

when all participants are combined into one group the WPT reliability coefficient 

increased to .87.

There was a considerable difference in the reliability of the VS between both 

Aboriginal Peoples groups (Focal: a  = .55; Eligible: a  = .53) and the Reference group (a  

= .78). Deleting six items form the VS scale would increase the reliabilities for the Focal 

and Eligible group to .65 and .60, respectively; however, deleting the six items causes the 

reliabilities for the Reference and combined groups to drop.

The reliability coefficient for the SA scale ranged from .51 to .64. Deleting four 

items &om the SA scale would only increase reliability to .56 for the Eligible group; 

however, deleting the four items causes the reliability to drop substantially for the Focal, 

Reference and combined groups.
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Table 15

/)/- /Ae CT^T: A g/F (W  IKPT

Scale Subscales Focal Group 

(n= 101)

Reliability (a)

Eligible Group Reference Group 

(n = 51) (n = 108)

Combined

CFAT Verbal Skill .55 .53 .78 .78

Spatial Ability .64 .51 .63 .64

Problem Solving .82 .82 .80 .88

Total .85 .82 .85 .90

SPM .88 .87 .87 .87

MHV .85 .85 .82 .88

WPT .79 .75 .75 .87

Comparison of Aboriginal and Reference Groups

Multivariate analyses of variances were used to determine if there were 

signiGcant differences between Focal and Reference groups, and Eligible and Reference 

groups with respect to the following set of dependent variables: CFAT VS scale, CFAT 

SA scale, CFAT PS scale, CFAT total, WPT, SPM and MHV.

Focal Group vs. Reference Group

There was a significant multivariate difference (Wilks' Lambda = .52, F(l,209) = 

30.86, p = .00) between the Focal and Reference groups. Subsequently, univariate F-tests
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showed that the between group differences for all dependent measures were significant 

(see Table 16).

Table 16

Source SS DF MS F P

CFAT Verbal Skill 761.47 1 761.47 80.54 .000

CFAT Spatial Ability 36.71 1 36.71 4.76 .030

CFAT Problem Solving 3800.58 1 3800.58 131.53 .000

CFAT Total 9082.51 1 9082.51 116.39 .000

SPM 378.24 1 378.24 7.55 .007

MHV 4898.48 1 4898.48 76.51 .000

WPT 4111.27 1 4111.27 132.71 .000

Eligible Group vs. Reference Group

There was a significant multivariate difference (Wilks' Lambda = .66, F(l,159) = 

13.29, p = .00) between the Eligible and Reference groups. Univariate F-tests showed 

significant between group differences for all dependent measures except for the CFAT 

SA and SPM (see Table 17).
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Table 17

CK47] IKPT 7»eawybr EAg/Afe oWEe/érewe

Groiy

Source SS DF MS F P

CFAT Verbal Skill 256.20 i 256.20 23.98 .000

CFAT Spatial Ability 15.00 1 15.00 2.22 .138

CFAT Problem Solving 1114.73 1 1114.73 37.62 .000

CFAT Total 2072.18 1 2072.18 27.38 .000

SPM 3.01 1 3.01 .07 .796

MHV 1149.46 1 1149.46 19.67 .000

WPT 1357.43 1 1357.43 48.11 .000

Testing individuals in their second language may confound test results of verbal 

measures. Consequently, separate univariate analyses of covariance were performed for 

each test to determine if the difference in test means between groups were significant 

after controlling for language (see Table 18). There were significant differences between 

the Eligible and Reference groups on all tests except for the CFAT SA, SPM and WPT.
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Table 18

q/" CmwfWKe q/̂  CR4 7] MHFaw/ PKPT meww/or EAgzA/e aW Eê rgMce

Growp

Source SS DF MS F P

CFAT Verbal Skill 164.14 1 164.14 15.27 .000

CFAT Spatial Ability .26 1 .26 .04 .844

CFAT Problem Solving 526.89 1 526.89 17.84 .000

CFAT Total 1243.17 1 1243.17 16.33 .000

SPM 6.41 1 6.41 .14 .706

MHV 457.62 1 457.62 7.87 .006

WPT 893.49 1 893.49 31.48 .168

MANCOVA

A multivariate analysis of covariance (MANCOVA) was conducted to determine 

if there were statistically reliable mean differences on the SPM, MHV and WPT between 

the Focal and Reference groups after adjusting for differences on education and CFAT 

total score. The results of the MANCOVA (Wilks' Lambda = .95, F(3,202) = 3.57, p = 

.02) indicated the presence of a significant multivariate difference. Subsequently, 

univariate F-ratios were obtained for all three dependent variables (see Table 19). After 

controlling for education and performance on the CFAT, there was still a signiGcant 

difference in performance on the WPT. However, there were no signiGcant differences 

between the Focal and Reference groups on the SPM and MHV These results jusGfy the
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creation of the Eligible group. The differences in education and CFAT score do confound 

the results.

Table 19

Fanawcg IFPT /neam Fbca/ aw/ Growp

Source SS DF MS F P

SPM 134.03 1 134.03 3.58 .060

MHV 65.77 1 65.77 1.50 .222

WPT 88.90 1 88.90 6.04 .015

Correlation Analysis

Tables 20 through 23 present the correlations between the tests for all three 

groups, as well as the groups combined. For the most part, correlations among the 

different tests were similar across the groups. However, the correlations for the Reference 

group tended to be weaker than the Focal and Eligible group.

Correlations between the CFAT and WPT (Combined: r  = .82; Focal: r  = .72; 

Eligible: r  = .76; Reference: r  = .71) indicated a strong relationship between the two. The 

CFAT and SPM displayed a weak to moderate association for the Reference group (r = 

.47) and for both Aboriginal Peoples groups (Focal: r  = .61; Eligible: r  = .68). The MHV 

displayed a moderate to strong relationship to the CFAT for the Reference group (r = .50) 

and for both Aboriginal Peoples groups (Focal: r  = .73; Eligible: r  = .76). The CFAT VS 

scale displayed a moderate to strong correlation with the MHV (Combined: r  = .73;
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Focal: /" = .65; Eligible: /- = .65; Reference: r  = .65), while the CFAT SA demonstrated a 

moderate correlation with the SPM (Combined: r  = .47; Focal: r  = .49; Eligible: r  = .40; 

Reference: r  = .42).

Correlations between the SPM and WPT among the Focal and Reference groups 

were moderately weak (Focal: r  = .46; Reference: r  = .42). In contrast, the correlation 

between the SPM and WPT for the Eligible group was considerably higher (r = .61). 

However, the differences in correlations among the groups were not significant (z = 1.20, 

/? = .11; Steel, Torrie, & Dickey, 1997). There was a large diffierence in correlations 

between the SPM and MHV among both Aboriginal Peoples groups (Focal: r  = .53; 

Eligible: r  = .57) and the Reference group (r =13). The differences in correlations for 

the Aboriginal groups and the Reference group were significant (Focal and Refierence: z 

= 3.82,^ = .00; Eligible and Reference: z = 2.82,/) = .00). A similar pattern appeared 

among the correlations between the WPT and MHV. The WPT and MHV displayed a 

strong correlation among the Aboriginal Peoples groups (Focal: r  = .76; Eligible: r  = .74) 

and only a moderate correlation with the Reference group (r = .43). The differences in 

correlations for the Aboriginal groups and the Reference group were significant (Focal 

and Reference: z = 3.28, /) = .00; Eligible and Reference: z = 2.97, /) = .00).
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Table 20

Corre/affOMj: A/ieoawrgf -  Com6;?W Growp ^=20(^

1 2 3 4 5 6 7

1. CFAT 1.00

2. VS .80** 1.00

3. SA .60* .30** 1.00

4. PS .93** .64** .39** 1.00

5. SPM .53** .35** .47** .48** 1.00

6. MHV .73** .73** .34** .64** .38** 1.00

7. WPT .82** .71** .41** .77** .49** .74** 1.00

**p < .01 (2-tailed)

Table 21

Co/reZoAoMf /( Afieawrga

1 2 3 4 5 6 7

1. CFAT 1.00

2. VS .75** 1.00

3. SA .67** .30** 1.00

4. PS .92** .60** .42** 1.00

5. SPM .61** .41** .49** .54** 1.00

6. MHV .73** .65** .45** .64** .53** 1.00

7 . WPT .72** .64** .39** .66** .46** .76** 1.00

**p < .01 (2-tailed)
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Table 22

Co/re&zf/oMf ,4/MOMgA/eaawef - EAgzA/e Growp

1 2 3 4 5 6 7

1. CFAT 1.00

2. VS .76** 1.00

3. SA .47** .22 1.00

4. PS .91** .55** .16 1.00

5. SPM .68** .50** .40** .58** 1.00

6. MHV .76** .65** .30* .68** .57** 1.00

7. WPT .76** .62** .30* .70** .61** .74** 1.00

**p < .01 (2-tailed), * /? < .05 (2-tailed)

Table 23

1 2 3 4 5 6 7

1. CFAT 1.00

2. VS .71** 1.00

3. SA .63** .26** 1.00

4. PS .86** .39** .35** 1.00

5. SPM .47** .24* .42** .41** 1.00

6. MHV .45** .65** .15 .24* .13 1.00

7. WPT .71** .55** .43** .60** .42** .43** 1.00

**p < .01 (2-tailed), */? < .05 (2-tailed)
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DIF Analysis

The items of the CFAT, WPT, SPM and MHV were analyzed for the presence of 

DIF For an item to be classified as displaying DIF, the p-value for the two-degree of 

&eedom in logistical regression had to be < 0.01 (Robie et al., 2001; Zumbo, 1999). 

Furthermore, the effect size (T(^)had to be > 0.130 (Zumbo & Thomas, 1997).

CFAT Verbal Skill (VS)

All of the items on the CFAT VS scale were examined for the presence of DIF. 

The results of the logistical regression analysis are presented in Table 24. Two items 

&om the CFAT VS scale displayed DIF. The (2-df) p-value for item VS4 was .00 and 

the effect size was . 17. Furthermore, the difference in R-squared &om step 2 to step 3 

(.02) was quite small indicating that the DIF was uniform in nature (see Figure 4).

Item VS9 had a (2-df) p-value of .00 and an effect size of .21. The difference in 

R-squared &om step 2 to step 3 (.00) was quite small indicating that the DIF was uniform 

in nature (see Figure 5). The ICC in Figure 5 indicates that that item VS9 may be biased 

towards Aboriginal Peoples.

The two DIF items were omitted &om their respective sets and a "purifying" DIF 

analysis was conducted on the remaining data. The result of the second logistical 

regression is presented in Table 25. No new items were identified as displaying DIF 

during the "purifying" DIF analysis.



Table 24

CK4T «y«6fca/g
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Item at Each Step in Sequential 

Hierarchical Regression 

7(̂ 1 ^ 3

%"2-(W(p) Zumbo- 

Thomas ̂

DIF?

VSl .55 .63 .64 5.78 (.06) .09 No

VS2 .69 .71 .74 4.45 (.11) .06 No

VS3 .64 .69 .67 4.41 (.11) .04 No

VS4 .65 .80 .82 11.74 ( 00) .17 Yes

VS5 .64 .65 .70 3.61 (.17) .06 No

VS6 .54 .57 .57 1.39 (.50) .04 No

VS7 .65 .66 .66 .74 (.69) .01 No

VS8 .63 .63 .65 1.51 (.47) .02 No

VS9 .16 .36 .36 16.48 (.00) .21 Yes

VSIO .70 .72 .72 1.24 (.54) .02 No

V Sll .62 .66 .69 4.47 (.11) .07 No

VS12 .59 .65 .65 3 .67 (.16) .06 No

VSI3 .70 .73 .73 2.12 (.35) .04 No

VS14 .35 .39 .39 2.50 (.29) .04 No

VSI5 .31 .43 .45 5.21 (.07) .14 No
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Table 25

q/CfWT FerW 5%// AfAscok w/fA DZF/fems OmifW

Item at Each Step 

Hierarchical 

^ 2

in Sequential 

Regression

^ 3

%'2-dF(p) Zumbo-

Thomas

DIF?

VSl .58 .68 .69 7.15 (.03) .11 No

VS2 .76 .78 .81 4.08 (.13) .06 No

VS3 .71 .78 .78 5.09 (.08) .08 No

VS5 .64 .64 .69 3.70 (.16) .06 No

VS6 .73 .78 .79 1.64 ( 44) .06 No

VS7 .67 .68 .68 .79 (.67) .01 No

VS8 .68 .68 .70 1.12(57) .02 No

VSIO .62 .63 .64 1.51 (.47) .02 No

V Sll .68 .74 .78 5.61 (.06) .10 No

VS12 .63 .69 .70 3.93 (.14) .07 No

VS13 .69 .72 .73 2.29 (.32) .04 No

VS14 .31 .34 .35 2.50 (.29) .04 No

VS15 .28 .38 .40 6.17(05) .13 No
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CFAT SpatW Ability (SA)

Ail of the items on the CFAT SA scale were examined for the presence of DIF. 

The results of the logistical regression analysis are presented in Table 26. None of the 

CFAT SA scale items displayed DIF.

CFAT Problem Solving (PS)

All of the items on the CFAT PS scale were examined for the presence of DIF.

The results of the logistical regression analysis are presented in Table 27. None of the 

CFAT PS scale items displayed DIF.
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Table 26

D/FXfKf/yây .ÿwfza/ XWf/y ^«6jca/g

Item at Each Step in Sequential 

Hierarchical Regression 

7(̂ 1 7(̂ 2 7(̂ 3

Zumbo- 

Thomas 7(̂

DIF?

SAl .47 .47 .47 .04 (.98) .00 No

SA2 .27 .28 .28 .89 (.64) .01 No

SA3 .61 .63 .74 7.01 (.03) .13 No

SA4 .67 .67 .67 .01 (1.00) .00 No

SA5 .70 .74 .74 1.80 (.41) .04 No

SA6 .63 .67 .75 7.01 (.03) .12 No

SA7 .68 .68 .69 .57 (.75) .01 No

SA8 .40 .53 .54 8.21 (.02) .14 No

SA9 .59 .60 .60 .81 (.67) .01 No

SAIO .41 .43 .44 .94 (.63) .03 No

SAll .69 .77 .77 5.28 (.07) .09 No

SAl 2 .51 .52 .54 1.04 ( 60) .03 No

SAl 3 .42 .45 .45 1.91 (.39) .03 No

SA14 .05 .07 .08 1.03 (.60) .03 No

SAl 5 .54 .56 .56 1.49 (.48) .03 No
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Table 27

CR4T &/6fca/g

Item at Each Step in Sequential 

Hierarchical Regression

%"2-(W(p) Zumbo-

Thomas

DIF?

PSI .49 .50 .53 3.44 (.18) .04 No

PS2 .53 .53 .59 3.75 (.15) .06 No

PS3 .41 .41 .41 .03 (.99) .00 No

PS5 .51 .51 .54 2.44 (.30) .03 No

PS5 .50 .51 .53 2.01 (.37) .02 No

PS6 .62 .62 .62 .18(92) .00 No

PS7 .39 .44 .44 4.68 (.10) .05 No

PS8 .58 .58 .59 1.04 (.60) .02 No

PS9 .54 .54 .62 7.46 (.02) .09 No

PSIO .30 .30 .33 4.14(13) .03 No

PS ll .38 .39 .39 .45 (.80) .01 No

PS12 .47 .58 .60 12.27 (.00) .13 No

PS13 .42 .44 .44 1.87 (.39) .02 No

PS14 .49 .50 .50 .98 (61) .01 No

PS15 .37 .38 .38 .44 (.80) .01 No

PS16 .36 .37 .39 3.15(21) .03 No

PS17 .35 .35 .41 4.45 (.11) .06 No

PS18 .46 .51 .53 5.60 (.06) .07 No
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Table 27 continued.

Item at Each Step in Sequential Zumbo- DIF?

Hierarchical Regression ThomasjR^

PS19 .38 .38 .47 8.77 (.01) .10 No

PS20 .50 .48 .50 .782 (.68) .01 No

PS21 .44 .45 .47 2.77 (.25) .03 No

PS22 .46 .46 .48 1.63 (.44) .02 No

PS23 .51 .54 .55 3.51 (.17) .04 No

PS24 .40 .40 .51 10.77 (.01) .12 No

PS25 .49 .49 .50 .93 (.63) .01 No

PS26 .40 .42 .42 1.94 (.38) .02 No

PS27 .10 .17 .18 6.49 (.04) .08 No

PS28 .43 .43 .45 1.21 (.55) .02 No

PS29 .34 .35 .38 3.05 (.22) .04 No

PS30 .43 .44 .45 1.62 (.44) .02 No

Wonderlic Personnel Test

Ail of the items on the WPT scale were examined for the presence of DIF. The 

results of the logistical regression analysis are presented in Table 28. Two items did not 

have &equencies greater than one and therefore could not be analysed (WPT45, WPT48). 

None of the WPT scale items displayed DIF.
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Table 28

D /F IFPT

Item F  at Each Step in Sequential 

Hierarchical Regression

Zumbo-

Thomas

DIF?

WPTI .07 .09 .14 7.93 (.02) .08 No

WPT2 .27 .27 .28 3.71 (.16) .00 No

WPT3 .22 .23 .23 .08 (.96) .00 No

WPT4 .32 .33 .33 .15(93) .00 No

WPT5 .50 .51 .51 1.30 (.52) .02 No

WPT6 .33 .33 .33 .43 (.81) .00 No

WPT7 .20 .21 .22 .95 (.62) .02 No

WPT8 .36 .37 .43 7.63 (.02) .07 No

WPT9 .23 .26 .30 4.46 (.11) .07 No

WPTIO .36 .40 .40 5.76 (.06) .05 No

WPTll .55 .55 .55 .36 (.84) .00 No

WPT12 .41 .41 .41 .85 (.65) .01 No

WPT13 .29 .29 .32 2.39 (.30) .03 No

WPT14 .45 .46 .47 1.79 (.41) .02 No

WPT15 .39 .40 .42 2.33 (.31) .03 No

WPT16 .20 .20 .24 5.15(08) .04 No

WPT17 .45 .46 .49 3 .62 (.16) .04 No

WPT18 .52 .52 .52 .13 (.94) .00 No
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Item at Each Step in Sequential 

Hierarchical Regression

%'2-dE(p) Zumbo-

ThomasI(^

DIF?

WPT19 .26 .29 .32 4.04 (.13) .06 No

WPT20 .44 .51 .52 5.77 (.06) .08 No

WPT21 .37 .43 .46 14.01 (.00) .10 No

WPT22 .04 .11 .11 3 .92 (.14) .07 No

WPT23 .46 .50 .50 3.44 (.18) .04 No

WPT24 .34 .35 .36 1.97 (.37) .03 No

WPT25 .45 .48 .48 2.53 (.28) .03 No

WPT26 .45 .47 .51 4.56 (.10) .05 No

WPT27 .34 .36 .38 3.83 (.15) .05 No

WPT28 .32 .34 .43 7.94 (.02) .11 No

WPT29 .44 .45 .46 1.37 (.50) .02 No

WPT30 .52 .55 .55 2.30 (.32) .03 No

WPT31 .30 .30 .31 .30 (.86) .01 No

WPT32 .28 .33 .33 3.24 (.20) .05 No

WPT33 .20 .20 .22 1.33 (.52) .03 No

WPT34 .42 .44 .45 1.33 (.52) .02 No

WPT35 .39 .39 .39 .38 (.83) .00 No

WPT36 .43 .48 .49 2.83 (.24) .06 No

WPT37 .54 .54 .54 1.17(56) .00 No
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Item at Each Step in Sequential 

Hierarchical Regression 

/("l 7(̂ 2

%'2-dg'(p) Zumbo-

ThomasT^

DIF?

WPT38 .37 .38 .40 2.02 (.37) .03 No

WPT39 .22 .27 .29 3.38 (.19) .06 No

WPT40 .18 .19 .23 3.39 (.18) .05 No

WPT41 .28 .30 .30 1.65 (.44) .02 No

WPT42 .28 .30 .30 1.79 (.41) .02 No

WPT43 .38 .36 .39 .35 (.84) .01 No

WPT44 .02 .03 .05 1.48 (.48) .04 No

WPT45 n/a n/a n/a n/a n/a n/a

WPT46 .16 .17 .17 .58 (.75) .02 No

WPT47 .03 .04 .05 .80 (.67) .01 No

WPT48 n/a n/a n/a n/a n/a n/a

WPT49 .07 .07 .07 4.64 (.10) .00 No

WPT50 .09 .09 .09 2.76 (.25) .00 No

n/a: These values cannot be calculated because there was no variance in the item response
patterns.
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Raven's Standard Progressive Matrices

Ail of the items on the SPM were examined for the presence of DIF using 

logistical regression. The results of the DIF analyses are presented in Tables 29 through 

33. Several items did not have &equencies greater than one and therefore could not be 

analysed (A5, A6, A9, Dl).

None of the items in Set A, B, or C displayed DIF. However, one item in Set D 

and one item in Set E displayed DIF The (2-dQ p-value for item Dl 1 was .00 and the 

effect size was .19. Furthermore, the difference in R-squared &om step 2 to step 3 (.19) 

was quite large indicating that the DIF was non-uniform in nature (see Figure 6). Item 

ElO had a (2-df) p-value of .01 and an effect size of .15. The difference in R-squared 

&om step 2 to step 3 (.14) was quite large indicating that the DIF was non-uniform in 

nature (see Figure 7).

The two DIF items were omitted 6om their respective sets and a "purifying" DIF 

analysis was conducted on the remaining data. The results of the second logistical 

regression for sets D and E are presented in Tables 34 and 35. No new items were 

identified as displaying DIF during the "purifying" DIF analysis.
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Table 29

Item at Each Step in Sequential 

Hierarchical Regression

x'2-dP(p) Zumbo-

Thomas7(^

DIF?

A1 .14 .20 .34 5.64 (.06) .20 No

A2 .02 .02 .02 8.62 (.01) .01 No

A3 .02 .02 .02 8.62 (.01) .01 No

A4 .02 .02 .02 8.62 (.01) .01 No

A5 n/a n/a n/a n/a n/a n/a

A6 n/a n/a n/a n/a n/a n/a

A7 .21 .22 .23 .75 (.69) .02 No

A8 .19 .19 .22 1.42(49) .02 No

A9 n/a n/a n/a n/a n/a n/a

AlO .27 .27 .29 .84 (.66) .03 No

A ll .14 .14 .18 4.39(11) .05 No

A12 .35 .35 .35 .02 (.99) .00 No

n/a: These values cannot be calculated because there was no variance in the item response

patterns.
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Table 30

Item ^  at Each Step in Sequential 

Hierarchical Regression

Zumbo-

Thomas

DIF?

B1 .33 .38 .39 1.07 (.59) .06 No

B2 .43 .44 .49 1.08 (.58) .06 No

B3 .34 .81 .82 6.04 (.05) .48 No

B4 .11 .12 .24 2.04 (.36) .13 No

B5 .89 .89 .89 .04 (.98) .00 No

B6 .55 .58 .58 1.38 (.50) .03 No

B7 .55 .56 .62 4.47 (.11) .07 No

B8 .61 .61 .64 2.20 (.33) .03 No

B9 .77 .77 .77 .28 (.87) .01 No

BIO .50 .50 .53 1.86 (.40) .03 No

B ll .41 .43 .43 2.61 (.27) .02 No

B12 .44 .44 .46 2.08 (.35) .02 No
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Table 31

q/" C A/bfco/g

Item at Each Step in Sequential 

Hierarchical Regression 

7(̂ 1 7(̂ 2 7(̂ 3

Zumbo-

Thomas7(^

DIF?

Cl .72 .72 .72 3.15(21) .00 No

C2 .57 .58 .65 4.67 (.10) .08 No

C3 .65 .65 .67 .59 (.75) .02 No

C4 .33 .46 .47 7.03 (.03) .14 No

C5 .37 .46 .46 1.73 (.42) .10 No

C6 .68 .69 .78 3 .73 (.16) .10 No

C7 .75 .77 .79 .94 (.63) .03 No

C8 .78 .87 .89 6.15(05) .11 No

C9 .75 .79 .79 1.87 (.39) .04 No

CIO .75 .76 .79 2.56 (.28) .05 No

C ll .47 .49 .49 2.22 (.33) .02 No

C12 .10 .11 .12 4.11 (.13) .02 No
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Table 32

q/" &PAY D A<6fca/e

Item at Each Step in Sequential 

Hierarchical Regression

Zumbo-

Thomas/?^

DIF?

Dl n/a n/a n/a n/a n/a n/a

D2 .63 .68 .71 3.58 (.17) .09 No

D3 .72 .75 .75 1.31 (.52) .03 No

D4 .79 .80 .82 1.21 (.55) .03 No

D5 .68 .68 .74 3.12 (.21) .07 No

D6 .63 .63 .64 .68 (.71) .01 No

D7 .77 .79 .83 4.07 (.13) .07 No

D8 .48 .54 .57 7.77 (.02) .09 No

D9 .50 .53 .56 4.92 (.09) .06 No

DIO .65 .66 .66 .07 (.97) .00 No

D ll .20 .20 .40 19.39 (.00) .19 Yes

D12 .21 .21 .29 4.41 (.11) .08 No

n/a: These values cannot be calculated because there was no variance in the item response

patterns.
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Table 33

Item at Each Step in Sequential 

Hierarchical Regression

7(̂ 3

%'2-dC^Cp) Zumbo-

Thomas

DIF?

El .13 .13 .14 2.09 (.35) .01 No

E2 .18 .18 .18 1.56 (.46) .01 No

E3 .35 .36 .39 6.21 (.05) .04 No

E4 .53 .53 .56 3.51 (.17) .03 No

E5 .44 .49 .49 5.49 (.06) .05 No

E6 .55 .57 .59 4.36(11) .04 No

E7 .52 .54 .54 1.59 (.45) .02 No

E8 .53 .56 .58 4.43 (.11) .05 No

E9 .54 .55 .55 .10(95) .00 No

ElO .45 .47 .60 10.05 (.01) .15 Yes

E ll .28 .29 .35 2.81 (.25) .07 No

E12 .32 .37 .37 1.40 (.50) .06 No
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Table 34

D WA D7F//g/»

Item at Each Step in Sequential 

Hierarchical Regression

2-dG' (p) Zumbo-

Thomas

DIF?

D1 n/a n/a n/a n/a n/a n/a

D2 .66 .70 .72 2.41 (.30) .06 No

D3 .73 .75 .75 .87 (.65) .02 No

D4 .75 .76 .78 1.13 (.57) .02 No

DS .64 .64 .70 3.41 (.18) .07 No

D6 .53 .53 .53 .14 (.93) .00 No

D7 .67 .71 .76 6.03 (.05) .07 No

D8 49 .55 .60 9.43 (.01) .12 No

D9 .40 .43 .47 6.74 (.03) .07 No

DIO .57 .57 .57 .01 (.99) .00 No

D12 .09 .10 .19 9.06 (.01) .10 No

n/a: These values cannot be calculated because there was no variance in the item response 

patterns
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Table 35

Item at Each Step in Sequential 

Hierarchical Regression 

7(̂ 1 7(̂ 2 7(̂ 3

%'2-dE(p) Zumbo-

Thomas

DIF?

El .13 .13 .14 2.25 (.33) .01 No

E2 .19 .19 .20 1.73 (.42) .01 No

E3 .33 .34 .37 6.30 (.04) .04 No

E4 .51 .51 .55 4.28 (.12) .04 No

E5 .42 .46 .47 5.68 (.06) .04 No

E6 .56 .57 .61 5.02 (.08) .05 No

E7 .47 .48 .49 2.06 (.36) .02 No

E8 .51 .55 .57 5.27 (.07) .06 No

E9 .51 .51 .51 .31 (.86) .01 No

E ll .25 .30 .38 3.20 (.20) .13 No

E12 .24 .30 .30 1.69 (.43) .07 No
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Min EDIl Vocabulary Scale

Ail of the items on the MHV were examined for the presence of DIF using 

logistical regression. The results of the DIF analyses are presented in Tables 36 and 37. 

Three items in Set A displayed DIF. The (2-df) p-value for item A2 was .00 and the 

effect size was .19. Furthermore, the difference in R-squared 6om step 2 to step 3 (.03) 

was quite small indicating that the DIF was uniform in nature (see Figure 8). Item A5 had 

a (2-df) p-value of .00 and an eSect size of .18. The difference in R-squared from step 

2 to step 3 (.00) was quite small indicating that the DIF was uniform in nature (see Figure 

9). The (2-df) p-value for item A13 was .00 and the effect size was .17. The difference 

in R-squared &om step 2 to step 3 (.17) was quite large indicating that the DIF was non- 

uniform in nature (see Figure 10). The ICC in Figure 10 indicates that that item A13 may 

be biased towards Aboriginal Peoples.

Two items in Set B displayed DIF Item B11 had a (2-df) p-value of .00 and an 

effect size of .18. The difference in R-squared &om step 2 to step 3 (.03) was quite small 

indicating that the DIF was uniform in nature (see Figure 11). The (2-df) p-value for 

item B23 was .01 and the effect size was .13. Furthermore, the difference in R-squared 

Rom step 2 to step 3 (.02) was quite small indicating that the DIF was uniform in nature 

(see Figure 12). The ICC in Figure 12 indicates that that item B23 may be biased 

towards Aboriginal Peoples.

The five DIF items were omitted Rom their respective sets and a "purifying" DIF 

analysis was conducted on the remaining data. The results of the second logistical 

regression for sets A and B are presented in Tables 38 and 39. No new items were 

identiRed as displaying DIF during the "purifying" DIF analysis.
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Table 36

Item at Each Step in Sequential 

Hierarchical Regression

2-df (p) Zumbo-

Thomas

DIF?

A2 .32 .49 .52 16.54 (.00) .19 Yes

A3 .31 .32 .39 1.93 (.38) .08 No

A4 .34 .34 .39 3.48 (.18) .05 No

A5 .30 .48 .48 23.18(00) .18 Yes

A6 .42 .43 .44 2.99 (.22) .03 No

A7 .56 .62 .62 4.53 (.10) .06 No

A8 .41 .46 .46 5.26 (.07) .05 No

A9 .56 .62 .64 5.56 (.06) .07 No

AlO .46 .48 .52 5.05 (.08) .06 No

A ll .51 .56 .60 8.53 (.01) .09 No

A12 .39 .40 .48 12.37 (.00) .09 No

A13 .37 .37 .54 15.47 (.00) .17 Yes

A14 .64 .65 .65 .11 (.95) .00 No

A15 .17 .21 .22 2.42 (.30) .05 No

AI6 .59 .59 .59 .30 (.86) .00 No

A17 .12 .16 .18 1.97 (.37) .05 No

A18 .58 .58 .59 .66 (.72) .01 No
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Item 7^ at Each Step in Sequential 

Hierarchical Regression 

7(̂ 1 7(̂ 2 7(̂ 3

%"2-df^(p) Zumbo- 

Thomas 7(̂

DIF?

A19 .05 .17 .17 4.87 (.09) .12 No

A20 .14 .15 .15 .21 (.90) .01 No

A21 .01 .05 .08 4.56 (.10) .08 No

A22 .35 .36 .38 2.95 (.23) .030 No

A23 .22 .24 .27 10.85 (.00) .05 No

A24 .12 .12 .12 .08 (.96) .00 No

A25 .09 .10 .12 .90 (.64) .02 No

A26 .02 .07 .11 3.25 (.20) .09 No

A27 .00 .03 .04 1.66 (.44) .04 No

A28 .06 .08 .09 1.19(55) .04 No

A29 .09 .23 .28 7.40 (.03) .19 No

A30 .07 .13 .14 2.49 (.29) .06 No

A31 .21 .22 .22 .33 (.85) .01 No

A32 .07 .18 .21 6.43 (.04) .14 No

A33 .00 .18 .18 5.49 (.06) .18 No

A34 .03 .08 .16 5.70 (.06) .13 No



CFAT Bias 92

Table 37

Item at Each Step in Sequential 

Hierarchical Regression 

7(̂ 3

%"2-dG'(p) Zumbo-

Thomas

DIF?

B2 .09 .09 .10 3.45 (.18) .01 No

B3 .42 .42 .43 .42 (.81) .01 No

B4 .51 .51 .53 1.54 (.46) .02 No

B5 .54 .60 .62 4.86 (.09) .08 No

B6 .72 .73 .74 1.38 (.50) .02 No

B7 .59 .60 .61 1.37 (.50) .02 No

B8 .64 .72 .75 9.42 (.01) .11 No

B9 .57 .61 .61 2.65 (.27) .04 No

BIO .69 .76 .76 4.98 (.08) .07 No

B ll .46 .60 .63 15.21 (.00) .18 Yes

B12 .63 .66 .66 2.22 (.33) .03 No

B13 .64 .69 .70 4.24(12) .06 No

B14 .42 .42 .42 .18(91) .00 No

B15 .35 .37 .39 1.82 ( 40) .04 No

B16 .44 .45 .45 1.13 (.57) .02 No

B17 .18 .19 .30 7.32 (.03) .13 No

B18 .14 .25 .27 4.67 (.10) .13 No
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Item at Each Step in Sequential 

Hierarchical Regression 

7(̂ 1 7^2 7(̂ 3

%'2-d@^(p) Zumbo- 

Thomas 7(̂

DIF?

B19 .26 .27 .38 9.78 (.01) .12 No

B20 .07 .08 .18 10.17(01) .11 No

B21 .25 .25 .37 11.28 (.00) .12 No

B22 .47 .47 .51 3.45 (.18) .04 No

B23 .02 .08 .15 9.87 (.01) .13 Yes

B24 .23 .24 .29 2.80 (.25) .07 No

B25 .24 .29 .30 2.40 (.30) .06 No

B26 .14 .31 .32 8.20 (.02) .18 No

B27 .32 .33 .38 2.44 (.30) .05 No

B28 .01 .07 .08 2.53 (.28) .07 No

B29 .01 .01 .01 .19(91) .01 No

B30 .03 .04 .08 1.43 (.49) .05 No

B31 .33 .33 .35 .58 (.75) .02 No

B32 .39 .50 .51 5.46 (.07) .12 No

B33 .34 .35 .35 .71 (.70) .01 No

B34 .19 .24 .26 2.73 (.26) .07 No
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Table 38

W/A DZF/fem;

Item at Each Step in Sequential 

Hierarchical Regression 

7(̂ 2

Zumho-

Thomas

DIF?

A3 .29 .30 .34 1.21 (.55) .05 No

A4 .38 .39 .44 3.16(21) .05 No

A6 .25 .28 .28 5.90 (.05) .03 No

A7 .42 .51 .51 7.73 (.02) .09 No

A8 .37 .45 .45 8.85 (.01) .08 No

A9 .56 .66 .68 8.31 (.02) .12 No

AlO .47 .51 .53 4.96 (.08) .06 No

A ll .36 .44 .47 13.24 (.00) .11 No

A12 .28 .29 .35 12.07 (.00) .07 No

A14 .57 .58 .58 .31 (.86) .01 No

A15 .18 .22 .23 2.06 (.36) .04 No

A16 .64 .65 .65 .78 (.68) .01 No

A17 .16 .20 .21 1.66 (.44) .05 No

A18 .64 .66 .66 1.49 (.48) .02 No

A19 .04 .23 .23 5.93 (.05) .19 No

A20 .15 .16 .16 .21 (.90) .01 No

A21 .01 .07 .11 4.57(10) .11 No
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Item 7?̂  at Each Step in Sequential 

Hierarchical Regression 

7(̂ 2 7(̂ 3

%'2-dG^(p) Zumbo-

Thomas7(^

DIF?

A22 .43 .43 .46 2.32 (.31) .03 No

A23 .25 .26 .29 7.36 (.03) .04 No

A24 .13 .13 .13 .71 (.70) .00 No

A25 .12 .13 .14 .62 (.74) .02 No

A26 .02 .06 .09 3.09 (.21) .07 No

A27 .00 .06 .06 1.83 (.40) .06 No

A28 .07 .09 .10 1.12 (.57) .04 No

A29 .10 .21 .25 7.85 (.02) .16 No

A30 .13 .20 .21 2.67 (.26) .08 No

A31 .26 .27 .27 .12(94) .01 No

A32 .10 .24 .27 5.91 (.05) .02 No

A33 .00 .24 .25 6.33 (.04) .24 No

A34 .04 .09 .16 5.06 (.08) .12 No
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Table 39

B D/F/femy OM/Aec/

Item F  at Each Step in Sequential 

Hierarchical Regression 

7(̂ 3

Zumbo-

ThomasF^

DIF?

B2 .07 .07 .08 4.09 (.13) .01 No

B3 .40 .40 .40 .29 (.86) .01 No

B4 .46 .47 .49 2.52 (.28) .03 No

B5 .44 .49 .51 6.01 (.05) .07 No

B6 .68 .68 .71 1.99 (.39) .03 No

B7 .62 .62 .64 1.58 (.45) .02 No

B8 .67 .78 .80 10.72(01) .13 Yes

B9 .51 .55 .55 3 .07 (.22) .04 No

BIO .71 .81 .81 6.40 (.04) .10 No

B12 .62 .65 .66 2.67 (.26) .04 No

BI3 .53 .58 .60 5.56 (.06) .06 No

BI4 .45 .46 .46 .22 (.89) .00 No

B15 .33 .35 .36 1.85 (.40) .04 No

B16 .46 .47 .48 1.35(51) .02 No

B17 .17 .18 .28 6.61 (.04) .11 No

B18 .11 .20 .22 4.15(13) .11 No

BI9 .28 .29 .41 9.45 (.01) .12 No
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Item ^  at Each Step in Sequential 

Hierarchical Regression

%'2-dG'(p) Zumbo-

Thomas

DIF?

B20 .10 .10 .22 9.43 (.01) .12 No

B21 .28 .28 .39 10.19(01) .11 No

B22 .47 .47 .51 3.21 (.20) .03 No

B24 .25 .27 .31 2.59 (.27) .06 No

B25 .28 .34 .35 2.32 (.31) .07 No

B26 .16 .34 .36 8.73 (.01) .21 No

B27 .27 .27 .32 2.90 (.23) .06 No

B28 .01 .07 .08 2.42 (.30) .07 No

B29 .01 .01 .01 .17 (.92) .01 No

B30 .03 .03 .05 .88 (.65) .03 No

B31 .33 .33 .35 .65 (.72) .02 No

B32 .37 .47 .47 5.39 (.07) .11 No

B33 .24 .24 .25 1.07 (.59) .01 No

B34 .13 .17 .18 2.97 (.23) .05 No
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Adverse Impact

The results of the adverse impact analysis are presented in presented in Table 40. 

The selection ratio for each family of military occupations is displayed in hierarchical 

ordo". That is, the occupational families that require the lower CFAT cut-off scores are 

presented first. In order to demonstrate that the CFAT is not adversely impacting against 

Aboriginal Peoples, the selection ratio against the comparison group must be at least .80. 

According to the four-fifths rule, the CFAT is adversely impacting against Aboriginal 

Peoples. The ratio of Aboriginal Peoples meeting the minimum CFAT requirement for 

employment in the CF compared to the general Anglophone NCM applicant population 

falls just short of four-fifths at .77.

Evidence of adverse impact against Aboriginal Peoples can also be seen across all 

military families. In fact, the effect of adverse impact increases dramatically with each 

family. The selection ratio for the occupations in the Administrative, Mechanical, 

Operator and Technical families is .39.
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Table 40

Tmpacf v4gww/v46ong7»a/ fety/g^

Total CFAT Data Aboriginal Peoples Inqract Adverse

n =53169 n = 72 Ratio Impact?

Pass % (n) Fail % (n) Pass % (n) Fad % (n)

CFAT Cut ofF 91.2 (48478) 8.8 (4691) 70.8 (51) 29.2 (21) .78 Yes

Military Family

Steward 94.6 (50298) 5.4 (2871) 72.2 (52) 27.8 (20) .76 Yes

Cook 86.4 (45938) 13.6(7231) 47.2 (34) 52.8 (38) .55 Yes

General 80.0 (42535) 20.0 (10634) 45.8 (33) 54.2 (39) .57 Yes

Military

Administration 63.5 (33762) 36.5 (19407) 25.0 (18) 75.0 (54) .39 Yes

RMS Clerk 58.9(31312) 41.1 (21857) 0(0) 100 (72) .00 Yes

Mechaincal 60.4(32114) 39.6 (21055) 23.6 (19) 76.4 (53) .39 Yes

Operator 60.4(32114) 39.6 (21055) 23.6 (19) 76.4 (53) .39 Yes

Technical 60.4(32114) 39.6 (21055) 23.6 (19) 76.4 (53) .39 Yes
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Ducussion

The results of this study suggest that the CFAT is not a fair tool to use when 

selecting Aboriginal Peoples living in special access and remote communities. Although 

the Sndings of the DIF analysis indicate that only one item on the CFAT may be biased 

against Aboriginal Peoples, the results of the adverse impact analysis indicate that there is 

a problem. In other words, although the test appears to be unbiased, the results suggest 

that the CFAT may be an unfair test with respect to Aboriginal Peoples.

There were significant differences in mean scores between the Aboriginal Peoples 

and the Reference group on the WPT and the MHV. However, the Aboriginal Peoples 

and the recruits performed similarly on the SPM. Although a couple of items of the SPM 

displayed DIF, the results suggest that it would be a more appropriate measure to use 

with Aboriginal Peoples.

The differences in mean scores between Aboriginal Peoples and the Reference 

group on verbal measures of cognitive ability do not reflect differences in cognitive 

ability. In fact, the lack in significant difkrences on nonverbal measures indicates that 

Aboriginal Peoples have the same level of cognitive ability as the Reference group. The 

differences in mean scores on verbal measures may the result of differences in language 

ability and education.

Determmine if the Canadian Forces Aptitude Test is Biased

The primary goal of this study was to determine if the CFAT was biased against 

Aboriginal Peoples. To achieve this goal, three approaches were used. First, the means 

for the CFAT and its three scales were examined to determine if there were significant
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group differences. The second approach entailed the use of logistical regression to 

determine if any items of the CFAT displayed DIF. Finally, the fbur-GAhs rule was used 

to determine if the CFAT adversely impacted against Aboriginal Peoples. In order for the 

CFAT to be considered fair and unbiased, three conditions had to be met.

The first condition stated that there should not be any significant group 

diSerences on test means between Aboriginal Peoples and the Reference group on the 

CFAT total score and its three scales (VS, SA and PS). This condition was not met. There 

were significant differences between Aboriginal Peoples and the Reference group on the 

CFAT total, VS scale and PS scale. This was true for both the Focal and Eligible groups. 

Although the group differences in test means were not as dramatic as those found in other 

studies, they do support previous Gndings that Aboriginal Peoples tended to score lower 

than non-Aboriginal Peoples on verbal tests of cognitive ability (McShane & Plas, 1984).

After equating the Aboriginal Peoples with the Reference group on the basis of 

education and the CFAT minimum requirements, there was no significant difference in 

group means on the CFAT SA scale. This result supports previous findings that 

established that Aboriginal Peoples tended to score slightly higher on nonverbal tests of 

cognitive ability than non-Aboriginal Peoples (McShane & Plas, 1984).

The second condition stated that none of the items of the CFAT should display 

DIF This condition was not met. Two items of the CFAT VS scale displayed uniform 

DIF. The presence of uniform DIF indicates that the two items are not equivalent 

measures of the same variable for both groups (Zumbo, 1999). In other words, the 

probability of getting the item correct is different for both groups and these differences 

are fairly stable across score levels (Robie et al., 2001). However, only one of the two
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items displayed potential bias against Aboriginal Peoples. The results suggest that item 

VS9 may be advantageous to Aboriginal Peoples.

The presence of DIF does not mean that the items are biased. As stated earlier,

DIF is a necessary but not sufRcient condition for item bias. Content experts should 

review these two items in an effort to determine why they are performing in this maimer.

The third condition, which stated that the CFAT should not adversely impact 

against Aboriginal Peoples, was not met. The application of the four-fifths rule indicates 

that the CFAT adversely impacts against Aboriginal Peoples. The ratio of Aboriginal 

Peoples meeting the minimum CFAT requirement for employment in the CF compared to 

the general Anglophone NCM applicant population 611s just short of fbur-6fths. In other 

words, although there is evidence of adverse impact, the effect is quite small. More 

disturbing is the ratio of Aboriginal Peoples to general Anglophone NCM applicants who 

meet the CFAT requirement for employment in the various military occupation families. 

As the results indicate, based on CFAT scores alone, very few of the Aboriginal Peoples 

tested in this study would have been selected for employment in the Administrative, 

Mechanical, Operator and Technical 6milies. Unfortunately the majority of the 

Aboriginal Peoples would have been employed as stewards and cooks. This parallels the 

trend found in the civilian world were Aboriginal Peoples are being denied opportunities 

or are relegated to low paying jobs (Brescia & Fortune, 1989).

Other Considerations about the Canadian Forces Aptitude Test

The reliability of the CFAT for the Focal and Reference groups combined meets 

the requirement set by Nunnally and Bernstein (1994), which suggest that the CFAT is a
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good test to use for selection. However, overall, the reliabilities found in this study were 

much lower than then those previously reported. This is true of both the Aboriginal 

Peoples groups and the Reference group. The CFAT VS and SA scales, in particular, bear 

further investigation.

There was a considerable difference in reliabilities between the Aboriginal 

Peoples groups and the Reference group on the VS scale. The poor reliability found with 

the Aboriginal Peoples indicates that the VS scale is not an appropriate measure to use 

with this group. With regards to Aboriginal Peoples, we cannot be confident that the 

score obtained on the VS scale is a true measure of their abilities.

The low reliability of the CFAT SA scale was surprising. However, the internal 

consistency coefficient was consistent for all groups. Nonetheless, given the low 

reliability coefficient, the items on the SA scale need to be re-examined.

Finding a Suitable Replacement for the Canadian Forces Aptitude Test

The second goal of this study was to determine if another well established verbal 

or nonverbal measure of cognitive ability could be used in lieu of the CFAT. To achieve 

this objective, three approaches were used. First, the means for the WPT, SPM and MHV 

were examined to determine if there were significant group differences. Logistical 

regression was also used to determine if any items of the WPT, SPM, and MHV 

displayed DIF Finally, correlation analysis was performed to examine the relationships 

between each measure.
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WonderUc Personnd Test

The WPT is a reliable and valid measure of general cognitive ability that has been 

used extensively in industrial and organizational psychology (Dodrill, 1983). However, it 

is a verbal measure of cognitive ability and as such there are some concerns regarding its 

cultural fairness with Aboriginal Peoples. Nevertheless, its high level of validity and 

reliability make it an excellent tool to measure the construct validity of the SPM and 

MHV. In order for the WPT to be an unbiased and reliable measure of cognitive ability 

for Aboriginal Peoples, two conditions had to be met.

The first condition that needed to be met was that there be no signihcant group 

differences on test means between Aboriginal Peoples and the Reference group.

This condition was not met. The results indicate that there was a significant difference in 

test means between Aboriginal Peoples and on the WPT Aboriginal Peoples scored 

significantly lower on the WPT than the Reference group. This was true for both the 

Focal and Eligible groups.

The second condition required that none of the WPT items display DIF. This 

condition was met. Although there is controversy regarding the cultural fairness of the 

WPT, there was no evidence that any of the items were biased against Aboriginal 

Peoples.

Raven's Standard Progressive Matrices

The SPM is a nonverbal test designed to assess inductive or analytical reasoning 

(Bors & Stokes, 1998). It is considered one of the best available measures of general
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intelligence and complex reasoning (Marshalek, Lohman, & Snow, 1983). The SPM 

meets all the criteria for what is generally considered to be a culture fair test (Albert, 

1998a). As a nonverbal measure of cognitive ability, it is expected that Aboriginal 

Peoples should perform similarly, if not better, than the Reference group (McShane & 

Plas, 1984). However, in order for the SPM to be considered as an unbiased and reliable 

measure of cognitive ability for Aboriginal Peoples, three conditions had to be met.

The first condition that had to be met was that there should not be significant 

group differences on test means between Aboriginal Peoples and the Reference group on 

the SPM. After equating the Aboriginal Peoples with the Reference group on the basis of 

education and minimum CFAT score, this condition was met. The fact that there were 

significant differences between the Focal and Reference groups should not be a concern. 

As was demonstrated by the univariate and multivariate analyses, the differences in test 

performance were confounded by the group differences in education and the fact that the 

Reference group had been pre-selected on the basis of CFAT scores.

The second condition required that none of the SPM items display DIF. This 

condition was not met. Two items displayed non-uniform DIF. The DIF for both items 

are non-uniform because for those individuals who scored at or below the mean the Focal 

group is favoured A^ereas for those scoring above the mean the Reference group is 

favoured. In other words, the probabilities for getting the item correct are different for the 

two groups and the differences are not stable across score levels (Robie et al., 2001). 

Content experts should review these two items in an eSbrt to determine if they are biased.

The final condition stated that the SPM should correlate positively and highly 

with both the WPT and CFAT. Overall the SPM had a weak to moderate positive
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correlation with the CFAT (Reference: r  = .47; Focal: r  = .61; Eligible: r  = .68). The 

SPM also correlated moderately and positively with the WPT (Re&rence: r  = .42; Focal: 

r  = .46; Eligible: r  = .61). These results suggest that SPM is related to the CFAT and 

WPT and offers evidence of construct validity. However, the moderate correlation 

suggests that the SPM does not measure the same facets of cognitive ability as the CFAT 

and WPT.

With the exception of two items, the SPM is an appropriate measure to use with 

Aboriginal Peoples. Although the test may not measure the same facets of cognitive 

ability as the CFAT, the SPM is one of the best available measures of inductive or 

analytical reasoning (Marshalek, Lohman, & Snow, 1983).

Mill Hill Vocabulary Scale

To get a more complete picture of an individual cognitive ability, the SPM is 

often administered with the MHV. There is no evidence that the MHV is a culture fair or 

unbiased test. However, the intention of this study was to explore the fairness of the 

MHV with a sample of Aboriginal Peoples. In order for the MHV to be an unbiased and 

reliable measure of cognitive ability for Aboriginal Peoples, the following three 

conditions had to be met.

The first condition which required that there be no signiEcant group differences 

on test means between Aboriginal Peoples and the Reference group on the MHV was not 

met. Aboriginal Peoples scored signiEcantly lower than the Reference group on the 

MHV This was true for both the Focal and Eligible groups. These results are consistent 

with previous research findings (McShane & Plas, 1984).
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According to the second condition, none of the items of the MHV should display 

DIF This condition was not met. Five items &om the MHV displayed DIF. Four of the 

items displayed uniform DIF and one displayed non-uniform DIF One of the four 

uniform DIF items and the sole uniform DIF may be biased towards to Aboriginal 

Peoples. Once again, content experts should review all of the DIF items to determine if 

they are in fact biased.

To display construct validity, the third condition stated that the MHV should 

correlate positively with the WPT and CFAT. As expected the MHV had moderate to 

strong correlation with the CFAT VS (Combined: r  = .73; Focal: r  = .65; Eligible: r  =

.65; Reference: r  = .65) and the WPT (Reference: r  = .43; Focal: r  = .76; Eligible: r  =

.74). However the MHV had stronger reliabilities across all groups than the CFAT VS. 

Unlike the CFAT VS, the internal constancy reliability for the MHV was acceptable for 

all groups.

Due to the differences in group test means, the MHV does not appear to be a 

culture &ee measure of verbal ability. However, the reliabilities suggest that the MHV 

may be a more appropriate measure of verbal skills than the CFAT VS for both 

Aboriginal Peoples and the Reference group.

English as a Second Ijanmimee

For many of the Aboriginal Peoples who participated in this study, English was a 

second language. Language related factors often confound attempts to accurately measure 

the cognitive ability of people &om various cultures (Sattler, 1982). As Bradford (1960)
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points out, participants with inadequate education and low reading levels may score low 

on verbal tests irrespective of their actual intelligence.

Consequently, separate univariate analyses were performed for each test to 

determine if the difference in test means between the Eligible and Reference groups were 

significant after controlling for language. It was expected that language should influence 

performance on the verbal measures of cognitive ability (CFAT VS and PS, WPT, MHV) 

but not on the nonverbal measures (CFAT SA, SPM).

As expected, language did not influence performance on the nonverbal measures 

of cognitive ability. These results support the findings of earlier studies (Sattler, 1982). 

The purpose of nonverbal tests is to measure the ability of individuals with inadequate 

education and low reading levels. Consequently language should not affect test scores.

Language did influence performance on the WPT. This was evident by the lack of 

significant difference in test means after controlling for language. These results support 

the hypothesis that testing in one's secondary language may confound the results of 

verbal measures (Krywanuik & Das, 1976; Zarske & Moore, 1982).

The presence of significant differences between the Eligible and Reference groups 

on the CFAT VS, CFAT PS, CFAT Total and MHV means after controlling for language 

indicate that there are one or more latent factors influencing performance that have not 

been controlled for. It is unclear exactly what these factors are. These differences may be 

affected by some underlying cultural difkrences that have not been identified. Content 

experts should carefully review these measures in an effort to determine what factors are 

affecting performance.
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Limitations

There are several potential limitations in this study that may have had an impact 

on the findings. Firstly, there may be some criticism with regards to the methodology 

used to create the Eligible group of Aboriginal Peoples from the Focal group. Univariate 

analysis of the tests means for the Focal and Refa-ence groups produced different results 

than the analysis for the Eligible and Reference groups. The former analysis revealed 

significant differences on all test means, however, there were no significant differences in 

CFAT SA and SPM means in the latter analysis. However, after treating the education 

and CFAT variables as covariates, the results of univariate analysis indicated that there 

was a significant difference on performance on the SPM. This finding justihes the 

creation of the Eligible group of Aboriginal Peoples.

Secondly, there may be some doubts about generalizing the findings of this study 

to other Aboriginal Peoples in Canada. The Aboriginal Peoples who participated in this 

study may not be representative of all Aboriginal Peoples in Canada. There are three 

recognized groups of Aboriginal Peoples in Canada, First Nations, Metis and Inuit. The 

participants in this study were all First Nations. Although the three groups are often 

referred to as Aboriginal Peoples, each group is culturally distinct.

When considering the appropriateness of generalizing these results, geographical 

differences between the various Aboriginal Peoples communities also need to be 

considered. For instance, the Aboriginal participants were drawn &om communities that 

were designated as special access or remote by the Department of Indian Affairs and 

Northern Development (DIAND; IN AC, 2002a) According to IN AC only 20.9% of all 

registered Aboriginal Peoples live in special access and remote communities (2002a).
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Aboriginal Peoples who live in special access and remote communities do not have the 

same level of access to supplies, Gnancial institutions, educational, health and community 

services as Aboriginal Peoples living in urban communities (communities located within 

50 km &om nearest service centre; INAC, 2002a). Consequently, it may not be 

appropriate to generalize these results to Aboriginal Peoples living in urban communities.

In addition to geographical differences among Aboriginal Peoples, there are also 

cultural differences. The participants in this study shared a common First Nation 

language. However there are 53 diSerent First Nation languages and numerous local 

dialects spoken in Canada (INAC, 2002a).

Thirdly, range restriction may have confounded the results. Although the Eligible 

group was created in an attempt to equate the Aboriginal Peoples with the Reference 

group, the results of this study may be underestimated because of range restriction. The 

Eligible group was created by dropping Aboriginal participants who did not meet the 

minimum educational requirement and who did not attain the minimum CFAT score. On 

the other hand, the Reference group was composed entirely of recruits who had 

successfully met all of the selection requirements, which included a semi-structured 

interview. The recruits were also subjected to a comprehensive realistic job preview that 

may have resulted in a more homogeneous group of participants due to self-selection. As 

a result of the range restriction, correlations between Aboriginal Peoples and Reference 

group may be smaller than the correlations that would be obtained if the Focal group was 

compared with the normal population.

Finally, there are some limitations to the findings of the analysis of adverse 

impact. The fbur-6Ah rule ignores the concepts of chance and statistical significance
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(Organization and Management Solutions & Myklebust, 2000). Consequently, due to the 

small sample size, there is a slight chance that the CFAT was found to be discriminating 

against Aboriginal Peoples, when in reality no discrimination exists.

Tmnlications for Further Research

Many organizations, including the Canadian government are trying increase the 

representation of Aboriginal Peoples in their workforce. Traditionally, these 

organizations have been using verbal measures of cognitive ability to select employees. 

However, as this study has shown, there are problems with using verbal measures of 

cognitive ability to select Aboriginal Peoples. Verbal measures of cognitive ability 

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). The results of this study suggest that it may be more appropriate to 

administer a nonverbal measure instead.

The results of this and other studies raises some interesting questions that deserve 

further investigation. First, why are verbal measures of cognitive ability underestimating 

the ability of Aboriginal Peoples? It is clear that the English as a second language &ctor 

explains some of the variances. However, the results of this study indicate that, 

something else is also affecting the results. After analysing the performance of 

Aboriginal Peoples on the WPT and CFAT PS, it is clear that they had difficulty with 

word problems involving mathematical equations, especially those involving factions 

and/or decimal points. This is curious because their performance on the CFAT SA 

indicate that they have the potential to learn mathematics.
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One possible explanation for the poor performance of Aboriginal Peoples on 

verbal cognitive ability measures may be related to the level of the education that 

Aboriginal Peoples receive. In special access, remote and rural (communities that are 

located between 50 and 350 km &om the nearest service centre and having year-round 

road access) communities, the band councils usually manage the elementary and 

secondary schools in their jurisdiction (INAC, 2002b). The schools are funded by 

DIAND and must follow the provincial curriculum. However, band councils are given a 

lot of leeway to incorporate unique Aboriginal orientated material such as culture and 

language training (INAC, 2002b). According to INAC 65% of Aboriginal students attend 

band-operated schools (INAC, 2002b). The difference in per&rmance on verbal cognitive 

ability test between Aboriginal and the Reference Group may be related to the diSerences 

in education. Unfortunately, it appears that little or no research has been conducted in this 

area.

Another possible explanation for the poor performance of Aboriginal Peoples may 

be related to the notion of stereotype threat. Stereotype threat is the risk of confirming a 

negative stereotype about one's group as a self-characteristic (Steele, 1997). This threat 

affects the performance of women and Aûican American on standardized math and 

verbal tests (Spencer, Steele, & Quinn, 1999; Steele & Aronson, 1995). For example, the 

commonly held assumption that women are less skilled in mathematics than men has 

been shown to afkct the performance of women on standardized math tests. When 

female participants were primed beforehand of this negative stereotype, scores were 

significantly lower than if the women were led to believe the tests did not reflect these 

stereotypes (Spencer, Steele, & Quinn, 1999). It is possible that the performance of
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Aboriginal Peoples on verbal measures may be affected by their knowledge of negative 

stereotypes held about them. Researchers should look at how stereotype threat affects the 

performance of Aboriginal Peoples on standardized math and verbal tests.

As discussed earlier, there is some concern about the appropriateness of 

generalizing these results to all Aboriginal Peoples. There may be a difference between 

First Nations, Metis and Inuit, and between Aboriginal Peoples from urban communities 

and those from special access and remote communities. Based on previous research it 

safe to assume that there will be no signiOcant differences in performance on nonverbal 

measures between First Nations, Metis and Inuit, and Aboriginal Peoples hving in urban 

and special access/remote communities. However, the same cannot be said for verbal 

measures of cognitive ability. Students 6om urban communities often go to elementary 

and secondary schools controlled by the provincial governments and do not receive 

Aboriginal culture and language training (INAC, 2002b). If there is a difference in test 

performance between Aboriginal Peoples living in special access/remote and urban 

communities, it may be linked to the differences in education. Clearly more research is 

needed before any conclusions can be made.

Another issue that deserves further investigation is vdiether or not you can have 

test bias when no items display DIF. According to DIF theory, if there is no DIF than 

there is no test bias (Zumbo, 1999). However, according to Gestalt theory, the whole is 

greater than the sum of its parts. Although only one CFAT item was discovered to be 

potentially biased towards Aboriginal Peoples, it is possible that there is an interaction 

among the different items and scales of the CFAT that causes the test as a whole to be 

biased.



CFATBiasll9

This may be the first time that a DIF analysis was conducted on the WPT, SPM 

and MHV. Considering the extensive use of the WPT in industrial and organization 

settings, the absence of DIF is a significant finding. However, the samples size in this 

study were small and there is a risk that there was not enough power to detect DIF items. 

A DIF analysis of the WPT with a much larger study should be conducted.

The presence of DIF items in the SPM and MHV was troublesome. However, the 

presence of DIF is not sufficient to conclude that the items are biased. The items need to 

be examined by content experts in an eSbrt to determine if there are indeed biased. A 

DIF analysis of the SPM and MHV should also be conducted with a larger sample.

ïmniicmtions of Findings for the CF

Based on the results of this and other studies, Aboriginal Peoples who live in 

special access and remote communities should be selected for enrolment in the CF based 

on performance on CFAT SA and SPM. Both measures should be used because they 

provide valuable information on two different aspects of cognitive ability. The CF SA 

scale measures a candidate's ability to generate, retain, and transform a variety of 

complex three-dimensional figures, which has long been recognized as a Actor 

contributing to success in mathematics, natural sciences, engineering, architecture, and 

other fields of study (Miller & Bertoline, 1991; Rhoades, 1981). The SPM measure the 

ability to reason and solve problems involving new information, without relying on a 

base of knowledge derived horn previous experience or schooling (Carpenter, Just, & 

Shell, 1990).
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A major disadvantage of using only nonverbal measures of cognitive ability is 

that the CF will not be able to assess an individual's ability to speak, read and 

comprehend English or French, which is essential because all training in the CF is 

conducted in either English or French. It is unlikely that individuals who do not possess 

an adequate ability in either language will be able to succeed in training. This leads to 

another dilemma. Is it practical for the CF to select Aboriginal Peoples who may have 

low ability to read and comprehend English or French? The CF already has the 

in&astructure in place to train current CF members to function in their second language 

(English or French). It should be feasible to send Aboriginal Peoples who have the 

potential to learn, as demonstrated by their performance on the CFAT SA and SPM, to 

one of the CF's various language schools. There they could be trained to function in 

either English or French.

Another disadvantage of using nonverbal measures is that the CF will not be able 

to assess math knowledge. Many of the technical and operator occupations in the CF 

require a solid math foundation. However, the CFAT SA does measure the potential to 

learn math. With some preparation, the CF could also use the language schools to review 

or teach the mathematical knowledge required to those Aboriginal Peoples who display 

the potential to learn math.

If the CF decides to use the SPM there are a couple of issues that need to be 

considered. At present there are no norms available for Aboriginal Peoples, nor are there 

norms for Canadian adults. Secondly, caution should also be used when interpreting the 

norms that are provided. Gudjonson (1995a) notes m^or problems related to the 1992 

standardization of SPM norms. The most fundamental flaw is that participants were left
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imsupervised to complete the test in their own home. This raises the risk that participants 

may not have completed the test on their own. Secondly, participants were given 

approximately one week to complete the test. In a normal test administration most people 

take between 40 minutes and one hour to complete the SPM (Lezak, 1983). This 

extended period of time gave the participants the opportunity to take breaks lasting hours 

or even days. These two flaws may have, in all likelihood, inflated the test scores. 

Consequently, the 1992 standardization sample appears to be a poor normative group and 

should be used cautiously when comparing with participants who were tested under 

normal supervised conditions (Gudjonson, 1995b). Consequently, if the CF does decide 

to use the SPM it would need to develop its own norms.

Recommendations

The CF should consider using the CFAT SA and SPM to select Aboriginal 

Peoples living in special access and remote communities. This will require the CF to 

establish norms and to determine cut-off scores. The CF will also need to determine if 

there are diSerences between First Nations, Metis and Inuit, and Aboriginal Peoples 

living in special access/remote communities and those living in urban communities. It 

may be possible that existing selection procedures may be appropriate for Aboriginal 

Peoples living in urban and rural communities.

The CF should also examine the cost beneGts of using existing facilities to train 

Aboriginals Peoples to function efGciently in either English or French and to teach 

mathematics. The CF should also consult with the Assembly of First Nations, Métis
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National Council and Inuit Tapiriit Kanatami to determine if there are more cost effective 

solutions to upgrading the language and math ability of Aboriginal Peoples.

The reliabilities of the CFAT VS and SA scales were quite low for measures that 

are being used for selection. The CF should undertake a much larger study to determine if 

these reliabilities are accurate. If so the CF should investigate the causes of the low 

reliabilities and try to rectify the problem.

Due to current legislation, the onus is on the CF to demonstrate that its selection 

procedures and tests are not biased against any members of a designated minority group. 

If there any doubts, it is the CF's duty to take action to remedy the situation and establish 

selection practices that are equitable to all Canadians.
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AppendÉi A:

How to Conduct Binary DIF Analysis using SPSS Logistic Regression^

In logistical regression, a model comparison is performed in which a binary 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). This procedure wUl provide a test of DIF on the 

relationship between item response and scale score, examining the effect of group 

membership for uniform DIF, and the interaction of scale score and group membership to 

assess non-uniform DIF (Zumbo, 1999). These variables are entered hierarchically in the 

following order:

Step 1 : Scale score (TOT),

Step 2: Group membership (GROUP), and

Step 3: Interaction between scale score and group membership (TOT * GROUP). 

The equation used for logistic regression is:

Y = bo + biTOT + IbGROUP + bsTOT^GROUP,

Where Y is a natural log of the odds ratio. Thus the equation can be rewritten as:

In = Ag + 6, TOT + + A, (TOT * GT^OUP),

where is the proportion of individuals that endorse the item in the direction of the latent 

variable. With this equation, one can then perform the Chi-Square test (2-degree of 

freedom) for both uniform and non-uniform DIF.

' Logistic Regression can be used to conduct DIF analysis of ordinal data. For a conqilete discussion on 
how to conduct ordinal logistic regression please see Zumbo (1999).
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The Chi-squared (%̂ ) test for logistical regression is computed by subtracting the 

%^-value obtained in Step 1 &om the % -̂value in Step 3. It should be noted that the 

value for logistical regression has 2 degrees of &eedom. The 2 degrees of &eedom is the 

difference between the at Step 3 (3 degrees of &eedom) and the at Step 1(1 degree 

of &eedom).

For an item to be classified as displaying DIF, two criteria must be met. The first 

criterion is that the DIF must be statistically significant. To be considered significant, the 

p-value for the two-degree of &eedom in logistical regression must be < .01 (Robie et 

al., 2001: Zumbo, 1999).

The second criterion that must be met is that the magnitude of the significance 

(effect size) must be substantial and meaningful. To meet this criterion, the Zumbo- 

Thomas (1997) effect size must be > 0.130. The Zumbo-Thomas effect size can be 

obtained by subtracting the obtained in Step 1 6om the ^  in Step 3. In addition, the 

in Step 2 can be compared to the in Step 3 to determine how much adding the non- 

uniform DIF component contributes to the model.

Example of Binary DIF Analysis

In order to conduct Binary DIF analysis using Logistic Regression your data must 

be coded using the following format:

Item Score: 0 = incorrect, 1 = correct

Group Membership: 0 = reference, 1 = focal
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Run logistical regression using the SPSS Syntax presented in Appendix B. SPSS will 

provide an out-put similar to the one presented in Appendix C The results of the logistic 

regression are presented in Table Al.

Table Al

Item at Each Step in Sequential %"2-df^(p) Zumbo- DIF?

Hierarchical Regression Thomas

^ 2

1 .220 .225 .226 1.506 (.471) .006 No

2 .208 .697 .700 69.32 (.000) .402 Yes

From the SPSS output presented in Appendix C and Table A, you can see that the 

%^-values lor Item 1 and Item 2 are 1.506, p = .4710 and 69.32, p = .000, respectively. 

With a p-value of .000, only Item 2 meets the statistically signiScant requirement. The 

Zumbo-Thomas effect size for Item 2 is .402 (.700- 208), which is substantial and 

meaningful. Based on the two criteria. Item 2 is identified as displaying DIF.

Using the calculated in the logistic regression one can also determine if DIF 

was uniform or non-uniform by subtracting the obtained in Step 2 6om the in Step 

3. In this case the difference between ̂  in Step 3 and in Step 2 for Item 2 is .003 

(.700 - .697). The difference in is quite small, suggesting that the DIF was 

predominately uniform.
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Appendix B:

SPSS Syntax for DIF with Logistic Regression^

* SPSS SYNTAX written by: .
* Bruno D. Zumbo, PhD .
* Professor of Psychology and Mathematics, .
* University of Northern British Columbia .
* e-mail: zumbob@unbc.ca .

* Instructions.
* Change the filename, currently "binary, sav' to your file name .
* Change 'item', "total', and 'grp', to the corresponding variables in your file.
* Run this entire syntax command Gle.

compute item= iteml. 
compute total= scale, 
compute grp= group.

* Aggregation.
* Working with the Centered data.

Herarchical regressions approach with the following order of steps:.
1. total.
2. total + group.
3. total + group + interac.

This also, of course, allows one to compute the relative Pratt Indices.

* Saves the standardized versions of group and total with the.
* eventual goal of centering be&re computing the cross-product term.

DESCRIPTIVES 
VARIABLES=group total /SAVE 
/FORMAT=LABELS NOINDEX 
/STATISTICS=MEAN STDDEV MIN MAX 
/SORT=MEAN (A).

* Allows for both uniform and non-uniform DIF.
* Provides the 2df Chi-square test for DIF

 ̂From ow the aWA/eiAook /tern
Modk/fmg ar a [/wAzry Framework^/rnayy awf Aert 

/Dra&waP 7/ew by B. D. Zumbo, 1999, Ottawa, ON: Director Human Resources
Research and Evaluation. Copyright 1999 by Her M^esty the Queen in Right of Canada. 
Reprinted with permission.

mailto:zumbob@unbc.ca


CFATBîasMl

LOGISTIC REGRESSION item
/METHOD=EN TER ztotal /method=enter zgroup ztotal*zgroup 
/SAVE PRED(prel). 

execute.

* The following command is required to deal with the repeaters in.
* the data. The WLS regression will be conducted on the aggregate.
* Gle entitled "AGGR.SAV".

AGGREGATE 
/OUTFILE-aggr. sav"
/BREAK=zgroup ztotal
Atem = SUM(item) /prel = MEAN(prel)
/Ni=N.

GET
FILE-aggr. sav'.

EXECUTE.

compute interact=zgroup*ztotal. 
execute.

COMPUTE vl = Ni*prel *(l - prel) .
EXECUTE.

COMPUTE zl = LN(prel/(l-prel))+ (item-Ni*prel)/Ni/prel/(l-prel) . 
EXECUTE.

FORMATS vl. zl (F8.4). 
execute.

* Overall logistic regression.
* Both Uniform and Non-uniform DIF.
REGRESSION
/MISSING LISTWISE
/REGWGT=vl
/descriptivesF=corr
/STATISTICS COEFF OUTS R ANOVA COLLIN TOL CHA
/NOORIGIN
/DEPENDENT zl
/METHOD=ENTER ztotal / method=enter zgroup / method= enter interact 

execute.
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Appendix C:

SPSS Output for Logistic Regression 

Item 1

Descriptives
Descriptive Statistics

N Minimum Maximum Mean Std. Deviation
GROUP 400 1.00 20Ô 1.5000 .50063
TOTAL 400 .00 20.00 10.3050 3.98581
Valid N (listwise) 400

Logistic Regression
Case Processing Summary

Unweighted Cases" N Percent
Selected Cases Included in Analysis 400 100.0

Missing Cases 0 .0
Total 400 100.0

Unselected Cases 0 .0
Total 400 100.0
a. If weight is in effect, see classification table for the total number of cases. 

Dependent Variable Encoding

Original Value Internal Value
.00 0
1.00 1

Block 0: Beginning Block
Classification Tabief̂ *"

Observed

Predicted

ITEM
.00 1.00

Step 0 ITEM .00 356 0
1.00 44 0

Overall Percentage



Classification Tabled

Observed

Predicted

Percentage
Correct

Step 0 ITEM .00 100.0
1.00 .0

Overall Percentage 89.0
a Constant is included in the model, 
b. The cut value is .500
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Variables In the Equation

B S.E. Wald df
Step d Constant -2.091 .160 171.176 1

Variables In the Equation

Sig. Exp(B)
Step 0 Constant .000 .124

Variables not In the Equation

Score df Sig.
Step Ô Variables ZTOTAL 79.833 1 .000

Overall Statistics 79.833 1 .000

Block 1 : Method = Enter
Omnibus Tests of Model Coefficients

Chi-square df Sig.
Step 1 Step 94.193 1 .odd

Block 94.193 1 .000
Model 94.193 1 .000



Model Summary
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Step
-2 Log 

likelihood
Cox & Snell 
R Square

Nagelkerke R 
Square

1 183.020 .210 .420

Classification Tablef

Predicted

ITEM
Observed .00 1.00

Step 1 ITEM .00 347 9

Overall Percentage
1.00 28 16



Classification Tabled

Observed

Predicted

Percentage
Con-ect

Step 1 ITEM .00 97.5
1.00 36.4

Overall Percentage 90.8
a. The cut value Is .500
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Variables In the Equation

B S.E. Wald df
^ e p  ZTOTAL 2.057 .278 54.694 1
1 Constant -3.329 .330 102.070 1

Variables In the Equation

Sig. Exp(B)
^ e p  ZTOTAL .000 7.820
1 Constant .000 .036
a. Variable(s) entered on step 1: ZTOTAL.

Block 2: Method = Enter 

Sta/st/ca/ Test of S/gnWcance tor 0/F
Omnibus Tests of Model Coefficients

Chi-square df Sig.
Step i  Step 1.506 2 .471

Bloc* f.506 2 47f
Model 95.698 3 .000

Model Summary

step
-2 Log 

likelihood
Cox & Snell 
R Square

Nagelkerke R 
Square

1 181.514 .213 .426
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Classification Tabled

Predicted

ITEM
Observed .00 1.00

Step 1 ITEM .00 350 6

Overall Percentage
1.00 28 16



Classification Table"

Observed

Predicted

Percentage
Correct

Step 1 ITEM Ob 98.3
1.00 36.4

Overall Percentage 91.5
a. The cut value Is .500
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Variables in the Equation

B S.E. Wald df
Slj[ep ZTOTAL 2.163 .302 51.371 1
1 ZGROUP .054 .336 .026 1

ZTOTAL by 
ZGROUP .183 .302 .368 1

Constant -3.346 .336 99.450 1

Variables In the Equation

Eüg. Exp(B)_..
^ e p ZTOTAL

ZGROUP
.000
.872

8.701
1.056

ZTOTAL by 
ZGROUP .544 1.201

Constant .000 .035
a. Variable(s) entered on step 1: ZGROUP, ZTOTAL * ZGROUP

Regression
Correlations"

Zl
Zscore(TO

TAL)
Pearson Correlation ZÏ 1.000 .^ 9

Zscore(TOTAL) .469 1.000
Zscore(GROUP) -.042 -.231
INTERACT -.088 -.344
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Correlation*"

Zscore(G
ROUP) INTERACT

Pearson Correlation Z1 -.042 -.088
Zscore(TOTAL) -.231 -.344
Zscore(GROUP) 1.000 .804
INTERACT .804 1.000

a. Weighted Least Squares Regression - Weighted by V1

Variables Entered/Removed*^

Model
Variables
Entered

Variables
Removed Method

1 Zscore(TO
TAL) Enter

2 Zscore(GR
CUP) Enter

3 INTERACT" Enter
a. Ail requested variables entered.
b. Dependent Variable: Zl
c. Weighted Least Squares Regression - Weighted by V1

Efkcf S/ze
Model Summary

Model R R Square
Adjusted R 

Square
Std. Error of 
the Estimate

1 .469" .220 .198 2.^86963
2 .474*» .225 .181 2.2939664
3 .476= .225 .158 2.3251280
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Model Summary

Change Statistics

Model
R Square 
Change F Change dfl df2 Sig. F Change

1 10.162 1^ 36 .003
2 .005 211 1 35 .649
3 .002 .068 1 34 .796

a. Predictors: (Constant), Zsoore(TOTAL)
b. Predictors: (Constant), Zscore(TOTAL), Zscore(GROUP)
c. Predictors: (Constant), Zscore(TOTAL), Zscore(GROUP), INTERACT

ANOVA"'"

Model
Sum of 

Squares df Mean Square F Sig.
1 Regression 52.302 1 52.302 10.162 .003"

Residual 185.291 36 5.147
Total 237.593 37

2 Regression 53.413 2 26.707 5.075 .012"
Residual 184.180 35 5.262
Total 237.593 37

3 Regression 53.781 3 17.927 3.316 .031=
Residual 183.811 34 5.406
Total 237.593 37

a. Predictors: (Constant), Zscore(TOTAL)
b. Predictors: (Constant), Zscore(TOTAL), Zscore(GROUP)
c. Predictors: (Constant), Zscore(TOTAL), Zscore(GROUP), INTERACT
d. Dependent Variable: Z1
e Weighted Least Squares Regression - Weighted by V1



Coefficient»"'^
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Model

Unstandardized
Coefficients

Standardized
Coefficients

tB Std. Enor Beta
1 (Constant) -3.313 .758 -4.371

Zscore(TOTAL) 2.043 .641 .469 3.188
2 (Constant) -3.330 .767 -4.340

Zscore(TOTAL) 2.113 .666 .485 3.174
Zscore(GROUP) .216 .469 .070 .460

3 (Constant) -3.347 .780 -4.289
Zlscore(TOTAL) 2.163 .702 .497 3.083
Zscore(GROUP) 5.403E-02 .781 .018 .069
INTERACT .183 .703 .069 .261
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Coefficients^''

Collinearit^ Statistics
Model Sig. Tolerance VIF
1 (Constant) .000

Zscore(TOTAL) .003 1.000 1.000
2 (Constant) .000

Zscore(TOTAL) .003 .947 1.056
Zscore(GROUP) .649 .947 1.056

3 (Constant) .000
Zscore(TOTAL) .004 .876 1.142
Zscore(GROUP) .945 .351 2.847
INTERACT .796 .327 3.058

a Dependent Variable: Z1
b. Weighted Least Squares Regression - Weighted by V1

Excluded Variables*' '̂

Model Beta In t S'9
Partial

Correlation
1 Zscore(GROUP) .070" .460 .649 .077

INTERACT .083" .526 .602 .089
2 INTERACT oeob .261 .796 .045
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Excluded Variables^

Collinearity Statistics

Model Tolerance VIF
Minimum
Tolerance

1 Zscore(GROUP) .947 1.056 .947
INTERACT .881 1.134 .881

2 INTERACT .327 3.058 .327
a. Predictors in the Model: (Constant), Zscore(TOTAL)
b. Predictors in the Model: (Constant), &core(TOTAL), Zscore(GROUP)
c. Dependent Variable: Z1
d. Weighted Least Squares Regression - Weighted by V1

Colllnearlty Diagnostics^

Model Dimension Eigenvalue
Condition

Index
1 1 1 1.861 1.000

2 .139 3.653
2 1 2.054 1.000

2 .810 1.593
3 .136 3.890

3 1 2.599 1.000
2 1.098 1.539
3 .179 3.807
4 .124 4.587
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Colllnearlty DlagnoeUce"^

Model Dimension

Variance Proportions

(Constant)
Zscore(TO

TAL)
Zscore(G
ROUP) INTERACT

1 1 .07 .07
2 .93 .93

2 1 .05 .05 .07
2 .03 .02 .90
3 .91 .93 .03

3 1 .02 .02 .03 .03
2 .07 .04 .09 .05
3 .17 .08 .73 .65
4 .74 .86 .15 27

a. Dependent Variable: Z1
b. Weighted Least Squares Regression - Weighted by V1

Item 2

Descriptives
Descriptive Statlstlce

N Minimum Maximum Mean Std. Deviation
GROUP 400 1.00 2.00 1.5000 .50063
TOTAL 400 .00 20.00 10.3050 3.98581
Valid N (listwise) 400

Logistic Regression
Case Processing Summary

Unweighted Cases" N Percent
Selected Cases Included in Analysis 400 100.0

Missing Cases 0 .0
Total 400 100.0

Unselected Cases 0 .0
Total 400 100.0

a. If weight is in effect, see classification table for the total number of cases.
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Dependent Variable Encoding

Original Value Internal Value
.00 0
1.00 1

Block 0: Beginning Block
Classification TableF^

Observed

Predicted

ITEM
.00 1.00

Step 0 ITEM .00 212 0
1.00 188 0

Overall Percentage



Classlflcadon TabkP^

Observed

Predicted

Percentage
Correct

Step 0 ITEM ÔÔ — 100.0
1.00 .0

Overall Percentage 53.0
a. Constant is included in the model.
b. The cut value is .500
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Variables In the Equation

B S.E. Wald df
Step 0 Constant -.120 .100 1.438 1

Variables In the Equation

Sig. Exp(B)
Step 0 Constant .230 .887

Variables not In the Equation

Score df Sig.
Step d Variables ZTOTAL 47.429 1 .000

Overall Statistics 47.429 1 .000

Block 1: Method = Enter
Omnibus Tests of Model Coefficients

Chi-square df Sig.
step Î Step 50.363 1 .000

Block 50.363 1 .000
Model 50.363 1 .000



Model Summary
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Step
-2 Log 

likelihood
Cox & Snell 
R Square

Nagelkerke R 
Square

1 502.714 .118 .158

Classification TableF

Predicted

ITEM
Observed .00 1.00

Step 1 ITEM .00 159 53

Overall Percentage
1.00 88 100



Classification TableF

Observed

Predicted

Percentage
Correct

Step 1 ITEM .00 75.0
1.00 53.2

Overall Percentage 64.8
a. The outvalue is .500
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Variables In the Equation

B S.E. Wald df
^ e p  ZTOTAL .781 .120 42.211 1
1 Constant -.137 .107 1.654 1

Variables In the Equation

Sig. Exp(B)
^ e p  ^ÔTÀL .000 2.183
1 Constant .198 .872
a. Variable(s) entered on step 1: ZTOTAL.

Block 2: Method = Enter 

Sta/5t/ca/ Test of S/gnWcance for D/F
Omnibus Tests of Model Coefficients

Chi-square df Sig.
Step 1 Step 69.324 2 .000

Bfoc* 69.324 2 .000
Model 119.687 3 .000

Model Summary

step
-2 Log 

likelihood
Cox & Snell 
R Square

Nagelkerke R 
Square

1 433.389 .259 .345
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Classification Tabled

Predicted

ITEM
Observed .00 1.00

Step 1 ITEM .00 161 51

Overall Percentage
1.00 65 123



Classification Tabled

Observed

Predicted

Percentage
Correct

Step 1 ITEM .00 1 75.9
1.00 65.4

Overall Percentage 71.0
a. The cut value is .500

Variables in the Equation
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B S.E. Wald df
^ e p ZTOTAL 1.251 .154 66.174 1
1 ZGROUP 1.049 .140 55.903 1

ZTOTAL by 
ZGROUP -.075 .154 .234 1

Constant -.199 .140 2.020 1

Variables In the Equation

Sig. ExpfB)
^ e p ZTOTAL

ZGROUP
.000
.000

3.493
2.855

ZTOTAL by 
ZGROUP .628 .928

Constant .155 819
a. Variable(s) entered on step 1: ZGROUP, ZTOTAL * ZGROUP

Regression
Correlations'

Zl
2[score(TO

TAL)
Pearson Correlation Zl 1.000 .456

Zscore(TOTAL) .456 1.000
Zscore(GROUP) .343 -.540
INTERACT .055 .046
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Correlations"

Zscore(G
ROUP) INTERACT

Pearson Correlation Z1 .343 .055
2[score(TOTAL) -.540 .046
Zscore(GROUP) 1.000 .070
INTERACT .070 1.000

a. Weighted Least Squares Regression - Weighted by V1

Variables Entered/Removerf ':

Model
Variables
Entered

Variables
Removed Method

1 Zscore(TO
TAL) Enter

2 Zscore(GR
OUP) Enter

3 INTERACT" • Enter
a All requested variables entered.
b. Dependent Variable: Z1
c. Weighted Least Squares Regression - Weighted by V1

E#ecf S«e

Model Summary

Model R R Square
Adjusted R 

Square
Std. Error of 
the Estimate

1 .456" .208 .186 1.5834674
2 .835" .887 .680 .9923113
3 .836" .700 .673 1.0033710
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Model Summary

Ctiange Statistics

Model
R Square 
Ctiange F Change df1 df2 Sig. F Change

1 .208 9.435 1 % .004
2 .490 56.670 1 35 .000
3 .002 .233 1 34 .633
a. Predictors: (Constant), Zscore(TOTAL)
b. Predictors: (Constant), Zscore(TOTAL), Zscore(GROUP)
c. Predictors: (Constant), Zscore(TOTAL), 2[score(GROUP), INTERACT

ANOVA*"

Model
Sum of 

Squares df Mean Square F Sig.
1 Regression 23.656 1 23.656 9.435 .004"

Residual 90.265 36 2.507
Total 113.921 37

2 R^ression 79.457 2 39.729 40.347 .000''
Residual 34.464 35 .985
Total 113.921 37

3 Regression 79.692 3 26.564 26.386 .000=
Residual 34.230 34 1.007
Total 113.921 37

a. Predictors: (Constant), Zscore(TOTAL)
b. Predictors: (Constant), Zscore(TOTAL), Zscore(GROUP)
c. Predictors: (Constant), ZsGore(TOTAL), Zscore(GROUP), INTERACT
d. Dependent Variable: Z1
e. Weigtited Least Squares Regression - Weigtited by V1



Coefficients"'''
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Model

Unstandardized
Coefficients

Standardized
Coefficients

tB Std. Error Beta
1 (Constant) -9.545E-02 .185 -.515

21score(TOTAL) .626 .204 .456 3.072
2 (Constant) -.162 .117 -1.391

Zscore(TOTAL) 1.243 .152 .905 8.190
Zscore(GROUP) 1.041 .138 .831 7.528

3 (Constant) -.199 .141 -1.416
Zscore(TOTAL) 1.251 .154 .910 8.107
Zscore(GROUP) 1.049 .141 .838 7.452
INTERACT -7.451 E-02 .154 -.046 -.482
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Coefficients"''

Collinearit) Statistics
Model Sig. Tolerance VIF
1 (Constant) .610

2^score(TOTAL) .004 1.000 1.000
2 (Constant) .173

Zscore(TOTAL) .000 .709 1.411
Zscore(GROUP) .000 .709 1.411

3 (Constant) .166
Zscore(TOTAL) .000 .701 1.426
Zscore(GROUP) .000 .699 1.430
INTERACT .633 .985 1.015

a. Dependent Variable: Z1
b. Weighted Least Squares Regression - Weighted by V1

Excluded Variables''''^

Model Beta in t Sig.
Partial

Correlation
1 Zscore(GROUP) .831" 7.528 .000 .786

INTERACT .034" .226 822 .038
2 INTERACT -.046" -.482 .633 -.082
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Excluded Vadablee^

Colllnearity Statistics
Minimum

Model Tolerance VIF Tolerance
1 j^ o re (G ^ U P ) .709 1.411 .709

INTERACT .998 1.002 .998
2 INTERACT .985^ 1.015 .699

a. Predictors in the Model: (Constant), 2IsGore(TOTAL)
b. Predictors in the Model: (Constant), Zscore(TOTAL), Zscore(GROUP)
c. Dependent Variable: Z1
d. Weighted Least Squares Regression - Weighted by V1

Colllnearity Diagnostics^*'

Model Dimension Eigenvalue
Condition

Index
1 1 1.025 1.000

2 .975 1.025
2 1 1.539 1.000

2 1.003 1.239
3 .458 1.832

3 1 1.539 1.000
2 1.415 1.043
3 .616 1.581
4 .430 1.892



Colllnearity Diagnostics"'^'
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Model Dimension

Variance Proportions

(Constant)
Zscore(TO

TAL)
Zscore(G
ROUP) INTERACT

1 1 .49 .49
2 .51 .51

2 1 .00 .23 23
2 .99 .00 .00
3 .01 .77 .77

3 1 .00 .23 23 .00
2 .29 .00 .00 .29
3 .56 .10 .09 .54
4 .15 .67 .68 .17

a. Dependent Variable: Z1
b. Weighted Least Squares Regression - Weighted by V1
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