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SPECIAL ISSUE

Determining the Appropriateness of Extended Time Accommodations in
Standardized Cognitive Ability Testing

Rosaria Furlano1, Shawna Goodrich1, Wendy Darr1, Katherine Gibbard2, Jordan L. Ho2, Zhigang Wang1,
Melissa D. Pike2, Yannick Provencher2, Irene Y. Zhang2, Emma C. Vreeker-Williamson2, and

Peter A. Hausdorf2
1 Directorate of Military Personnel Research and Analysis, National Defence, Ottawa, Ontario, Canada

2 Department of Psychology, University of Guelph

In selection contexts that employ standardized testing, the use of accommodations must be accompanied by
evidence to support their appropriateness. Three studies examined the appropriateness of extended time
accommodations in cognitive ability testing. Study 1 examined the speededness of the Canadian Forces
Aptitude Test (CFAT) using data from 12,555 applicants to establish that speed is not a factor in the CFAT.
Study 2 examined the impact of extra time in the completion of a paper-based administration of the practice
CFAT for test-takers with and without a learning disability (LD). Data from 122 military trainees revealed
that regardless of LD status, participants received higher scores and attempted more items. Study 3
replicated and extended the findings of study 2 using a university sample (N = 234) and a computerized test
administration mode. Findings from both studies also suggested that construct- and criterion-related validity
were comparable across time conditions. Overall, this research has implications for those considering time
accommodations in cognitive ability testing, and contributes to the limited body of knowledge on test
accommodations available to selection test developers and providers.

Public Significance Statement
This study found that providing extra time during standardized test completion benefits both individuals
with and without a diagnosed learning disability (LD). Findings suggest that organizations and testing
providers should re-examine practices that allow for the provision of extra time to some groups to ensure
that they do not unintentionally disadvantage others.

Keywords: time accommodations, cognitive ability, standardized testing

Supplemental materials: https://doi.org/10.1037/cbs0000257.supp

Human Resources (HR) practices such as recruitment and selection
must remain responsive to societal changes in order to maintain their
relevance and effectiveness. For example, organizations have long
regarded workforce diversity initiatives as being important to gain a
competitive advantage in increasingly global and demographically
diverse contexts (McCuiston et al., 2004). Regardless, organizations
must also remain responsive to legislative requirements (e.g., human

rights, employment equity) to ensure their HR practices remain legally
compliant. Of relevance to this article is Canada’s Accessible Canada
Act to ensure a barrier-free Canada by the year 2040, through the
identification and removal of existing barriers, as well as the prevention
of new ones in employment (Minister of Justice, 2020). The Act is
meant to benefit all persons, but is especially directed at persons with
disabilities, where disability refers to any impairment that may be
physical, mental, cognitive, communicative, intellectual, learning, or
sensory in nature. In an employment context, this Act re-emphasizes an
organization’s obligations to ensure fair and equitable employment
practices, although organizations are also reminded of their duty to
accommodate all persons to improve accessibility to programs and
services (Canadian Human Rights Commission [CHRC], n.d.). In an
employment context, such accommodations pertain to alternate ar-
rangements or procedures in hiring practices (e.g., selection testing),
promotional opportunities, training, as well as workplace adjustments.
Despite the well-intentioned objectives of legislation directed at
providing accommodations, organizations face challenges in the
practical implementation of programs and procedures to improve
accessibility. For example, Jones (1997) discussed issues related to
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the provision of accommodations as per the American Disabilities
Act of 1990 (ADA) to improve access to advancement opportunities
for persons with disabilities. Jones (1997) identified factors at the
individual (e.g., stereotypes, stigma) and organizational (e.g.,
lack of role models) level as preventing the successful imple-
mentation of an HR strategy aligned with the ADA. In their
examination of workforce diversity, Ernst Kossek et al. (2003)
also highlighted workforce diversity strategies may not manifest
as intended at lower levels (team or group level) for various
reasons, including the lack of agreement about the importance of
diversity.
Within personnel selection, the introduction of alternate procedures

or arrangements in standardized testing presents challenges for an
organization’s test providers or testing agencies. According to the
Standards for Educational and Psychological Testing, referred to as
the Standards henceforth, accommodations are defined as “minor
changes to the presentation and/or format of the test, test administra-
tion, or response procedures that maintain the original construct and
result in scores comparable to those on the original test.” (American
Educational Research Association [AERA], 2014, pp. 58–59).
Although the provision of accommodations is supported by the
Principles for the Validation and Use of Personnel Selection Pro-
cedures, referred to as the Principles henceforth (Society for
Industrial and Organizational Psychology, 2018), there is a stipulated
need for documented evidence showing that the construct(s) mea-
sured by the test does not change, and that comparable inferences can
be made from test scores. Such evidence is especially important when
tests are used in high-stakes selection contexts, and when norm-
referenced comparisons are made between applicants on the basis of
the test (Lovett, 2010; Lovett & Lewandowski, 2015). The Principles
acknowledge that such empirical evidence may not be feasible to
produce, but as Lovett and Lewandowski (2015) suggest, most
institutions simply resort to granting accommodations because it is
quicker and easier to advocate for an accommodation than to gather
the necessary evidence to support its appropriateness.
Requests for extended or extra time in the completion of tests are

one of the most frequently requested accommodations by individuals
with learning disabilities (LDs; Lovett, 2010). Despite an increase in
such requests in postsecondary institutions over the years, there is
limited information to guide test providers and testing agencies in
making decisions about the appropriateness of such accommodations
(Lovett & Lewandowski, 2015; Ofiesh et al., 2005). In addition,
much of the extant research on test accommodations has been
primarily conducted to inform educational institutions. While there
is literature discussing accommodations in the employment context
(e.g., Pitoniak & Royer, 2001), to the best of these authors’ knowl-
edge, there is no published empirical research that directly informs on
accommodations in employment testing contexts. In light of an
employer’s duty to accommodate, particularly in the context of the
Accessibility Canada Act, this paper describes research aimed at
gathering evidence to determine the appropriateness of extended time
accommodations in standardized cognitive ability testing used in
military selection. Three studies were undertaken. Study 1 focused on
the determination of the speededness of a cognitive ability measure.
Studies 2 and 3 examined the impact of providing extra time to test-
takers with and without a diagnosed learning disability (LD), as well
as the validity of test score inferences under standardized and
extended time conditions.

Study 1: Examining Test Speededness of a Cognitive
Ability Measure

The purpose of extended time accommodations is to remove
construct-irrelevant variance to enable people with time- and
processing-related disabilities to finish an equal proportion of the
test as those without disabilities (Mandinach et al., 2005). However,
it is important to establish that accommodations intended to elimi-
nate such barriers do not inadvertently reduce the test’s capacity to
measure the intended ability or aptitude (Lovett, 2010). Cognitive
ability tests usually require people to complete numerous cognitive
tasks that require suitable processing of mental information, and this
processing is a major determinant of whether such tasks are
performed successfully (Carroll, 1993). Thurstone (1937) alluded
to the hybrid nature of cognitive test items as comprising aspects of
both speed and ability. Historical perspectives and research on
cognitive ability elucidate salient aspects of the relation between
cognitive ability and cognitive speed, which have implications for
time accommodations in cognitive ability testing.

Theoretical Basis: Cognitive Ability and Speed

Examinations of the relationships between general cognitive
abilities and cognitive speed have been, and continue to be, pivotal
to understanding intelligence (Roberts & Stankov, 1999). Although
the relationship is widely acknowledged, the composition and
magnitude of the relationship has been disputed for a century
(Roberts & Stankov, 1999). Proponents of Spearman’s theory
suggest that the faster an individual is able to process information,
the less time is needed to store information in working memory
(Vernon, 1983). Those who adhere to Spearman’s theory argue that
individual differences in intelligence are partly due to variability in
the speed with which operations are executed. Thorndike (1927)
suggested that general ability be analyzed as three components that
include level, range, and speed, where level refers to the number of
correct responses, and range refers to the number of tasks at a given
difficulty level. Speed provides an indication of the fluency with
which an individual performs reasoning tasks. Recent evidence (see
Carroll, 1993) for the three-stratum theory of intelligence suggests
that abilities can be classified at three levels of generality: general,
broad, and narrow. Among the eight broad second-order ability
factors, is a broad speed factor with up to 20 narrow first-order
factors associated with cognitive speed.

Test Speededness

Many tests are a possible combination of cognitive speed and
ability, and may exist along a speed-ability continuum. For tests at
the speed end of the continuum, individual score differences depend
entirely on or to a greater extent on the speed of performance (Ofiesh
et al., 2005). For tests at the power end of the continuum, perfor-
mance differences are not based on speed, and test items tend to
increase in difficulty. With both moderately and highly speeded
tests, response time variations have a greater influence on accuracy.
Test developers have only recently begun to specify the composition
of a test’s level of power/ability and speed, but timed administra-
tions are also a matter of practical limitations (Lu & Sireci, 2007).
The omission of information about a test’s speededness has raised
serious concerns within the psychometric community. Concerns
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pertain to tests being designed to measure speed, without attributing
variance from test scores to speed (Lu & Sireci, 2007). Of equal
concern is that tests designed to measure ability do not account for
variance due to speed. Thus, examining the speededness of a
cognitive test is a first step in determining the appropriateness of
time accommodations.

Purpose

The objective of this study was to determine the extent to which
speed is a factor in the Canadian Forces Aptitude Test (CFAT), a
measure of cognitive ability used in the selection of recruits to the
Canadian Armed Forces (CAF).

Method

Sample and Measure

The sample consisted of 12,555 CAF applicants who took the
English computer-based version of the CFAT in 2017 in a proctored
group testing session. The CFAT is a 60-item, multiple choice, time-
limited test (60 min with instructions) that includes three subscales:
verbal skills (VS; 15 items, 5 min), spatial ability (SA; 15 items,
10 min), and problem-solving (PS; 30 items, 30 min). The test is
static in nature; items are presented in the same sequential order to
all test takers. Test-takers have the option to skip items and return to
them if time permits. The use of aids such as a dictionary or
calculator is not permitted during test completion. The CFAT has
adequate reliability (α = .90; Carter et al., 2012), predictive validity
(ρ = 0.58; Darr & Saindon, 2018), and utility (Catano, 2017).

Data Analysis

Methods used in Estrada et al. (2017) were used to separate the
speed and power components of this cognitive ability measure to
determine its degree of speededness. First, speed quotients (SQ)
were computed for each item to examine whether items on the
CFAT are substantially affected by speededness (Stafford, 1971).
The SQ decomposes variance for the incorrectly answered items into
the proportion of items that were not reached (U), and the proportion
due to errors (i.e., incorrectly answered items) or omissions (W),
with the formula SQi = Ui/(Ui + Wi). The SQi value indicates the
proportion of individuals who did not reach an item among those
who did not answer an item correctly or omitted the item. In the
present analysis, all items after the last item responded to by each
applicant were registered as unreached. The items that were con-
sidered omitted were all non-answered items prior to the unreached
items; these are items that examinees had read, but chose not to
answer. Omitted items were corroborated by response time data
which provided an indication of whether the item was viewed.
Incorrect items were coded as errors. Items substantially affected by
speededness are expected to have values ≥.30 (Estrada et al., 2017).
Confirmatory Factor Analysis (CFA) was then conducted using

Mplus 8 (Muthén & Muthén, 1998–2017) to estimate a baseline
model without a speed factor. The baseline model (Model 1)
comprised three correlated factors (see Figure S1) representing
the three subtests (VS, SA, PS). This model was compared to a
second model (Model 2), which included a speed factor (see Figure
S2). A speed factor was specified for each subscale, resulting in a
total of six factors with correlations freely estimated among the

ability factors and among the speed factors, but fixed to zero
between cognitive ability and speed. While the ability factor ac-
counts for differences in speed that are related to cognitive ability,
the speed factor represents speed that is unrelated to ability. Thus,
Model 2 was designed to separate and estimate the variability in the
scores due to ability and speed components. Fit indices—including
Root Mean Square Error of Approximation (RMSEA), the Com-
parative Fit Index (CFI), and the Tucker-Lewis Index (TLI)—were
used to assess goodness of fit between the hypothesized model and
the data.

Results

All SQi values are ≤.23, which is below the 0.30 criterion
recommended by Estrada et al. (2017) for items affected by speed-
edness (see Table S1). However, results indicate a trend, with a
gradual increase in SQi values for the last items of each of the
subtests. To be certain that speed is not a factor in the CFAT, a
model was tested with only the last item from each subtest allowed
to load on their respective speed factors. Model 1 had excellent
fit indices (RMSEA = .03, 90% CI [.029–.030]; CFI = .937;
TLI = .935). As expected with a large sample size, the value for
the χ2 = 20,490 (df = 1,710, p = .00) was significant. Fit indices
indicate that a correlated-three factor model fits the data well. Fit
indices for Model 2 with variance due to speed (captured by the last
item loading on a speed factor for each subtest) were identical to that
obtained for Model 1, indicating that this model does not improve fit
(RMSEA = .03; CFI = .937; TLI = .935). Overall, the SQi values
and CFA results suggest that speed is not a factor in the CFAT.

Discussion

Using various criteria and analyses, our findings on the CFAT’s
speededness converged on the conclusion that the CFAT is pre-
dominantly a measure of ability or power. These findings are a
necessary first step in considerations of extended time accommo-
dations in cognitive testing. Such evidence is especially important
in the assessment of cognitive ability, as the theoretical literature
on cognitive ability suggests that the rate at which tasks are
performed is integral to the construct of intelligence (Roberts &
Stankov, 1999).

Study 2: Impact of Extended Time and Learning
Disability on Cognitive Ability Testing

Extended time accommodations typically consist of providing test-
takers with either 50% or 100% extra time to complete a test
(Lewandowski, Cohen, et al., 2013). The extended time accommoda-
tion is thought to improve test access for individuals with LDs who
may have attention and processing difficulties by reducing the added
cognitive demands associated with time limits (Lewandowski, Cohen,
et al., 2013). LDs represent a broad category of significant difficulties
that are related to academic achievement (Cortiella & Horowitz,
2014), and are categorized into three sub-types based on the most
common academic areas that are affected by the disorder (American
Psychological Association [APA], 2013): dysgraphia (difficulties in
writing), dyscalculia (difficulties with math), and dyslexia. Although
distinct from LDs, Attention-Deficit/Hyperactivity Disorder (ADHD)
is characterized by attention problems and hyperactivity (APA, 2013),
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and can also affect academic achievement scores and grades (LeFever
et al., 2002).
Extended time accommodations can have a positive impact on

test scores for people with LDs (Rogers et al., 2016), and can also
reduce anxiety for students with ADHD (Lewandowski, Gathje,
et al., 2013). Despite research showing the benefits of extended time
provisions for test-takers with LDs, there has been some skepticism
about the fairness of this practice, because some studies have shown
that individuals without LDs also benefit from having extra time to
complete tests (Sireci et al., 2005). To ensure that accommodations
are appropriate, Phillips (1994) suggested the consideration of five
key questions; these questions highlight issues/factors that can be
broadly categorized as pertaining to the test itself or the LD (Lovett,
2010). This study is focused on considerations that pertain to the
test, which are further described below.

Differential Benefits of Accommodations

An accommodation is valid or appropriate if it benefits only those
test-takers who are disadvantaged under standardized testing con-
ditions (Lovett, 2010; Lovett & Lewandowski, 2015). Extended
time accommodations intended for test-takers with LDs should
benefit only those with LDs; improvement in test scores under
extended time conditions should only be observed for this group.
Empirically, this effect is referred to as the maximum potential
hypothesis (Zuriff, 2000). The differential boost hypothesis (i.e.,
when LD and non-LD test-taker scores improve under extended
time conditions, but larger score improvements are observed for LD
test-takers) is also sometimes used to support the validity of
accommodations (e.g., Sireci et al., 2005). However, Lovett and
Lewandowski (2015) do not support this position as it has fairness
implications, particularly on standardized tests. For example, in
college entrance examinations, if only a few students (i.e., those
with LDs) are given extra time, but findings show evidence for a
differential boost hypothesis (i.e., non-LD students also benefit), it
would be unfair to deprive non-LD students from having extra time
on the entrance exam.
In a survey of college students’ perceptions, those with and

without disabilities indicated that various accommodations (e.g.,
extended time, breaks) would be beneficial during high-stakes
tests, and that all students should have access to such accommoda-
tions (Lewandowski et al., 2014). Perhaps for this reason,
Hollenbeck (2002) emphasizes that an accommodation must be
based on need or necessity, and if it serves the purpose of being
beneficial, it must be offered to everyone. Therefore, in addition to
demonstrating construct equivalence across test-takers under stan-
dardized and accommodated conditions, it is important to ensure
that the accommodation does not disadvantage those who take the
test under standardized conditions. Examining the differential
benefits of accommodations requires empirical comparisons of
test scores in both LD and non-LD test-takers across accommo-
dated and standardized conditions.

Validity of Inferences

This second issue pertains to test score comparability across
standard and extended time accommodations. Accommodations
are intended to remove construct-irrelevant variance resulting
from differences across test-takers on skills that are not assessed

by the test (Lovett & Lewandowski, 2015). In other words, accom-
modations are meant to level the playing field by creating equal
opportunity for all test-takers; however, they do not always function
that way. Lovett and Lewandowski (2015) suggest that accommo-
dations can sometimes increase rather than decrease construct-
irrelevant variance, and that testing agencies often provide little
empirical evidence to support their use. While The Standards
(AERA et al., 2014) acknowledge the need for test accommodations
to remove construct-irrelevant barriers, they also require evidence
that the construct measured by the test does not change with the
accommodation.
Hollenbeck’s (2002) list of defining criteria for the appropriate-
ness of accommodations includes “unchanged constructs” and
“sameness of inferences.” The latter refers specifically to the
interpretation of test scores. One must be able to make similar
inferences across test scores generated under standard and accom-
modated test conditions (Hansen et al., 2005). Evidence used to
demonstrate construct equivalence include comparisons of the
internal factor structure of the test under accommodated and stan-
dardized conditions, as well as its relationships with other variables
and external criteria (Sireci et al., 2008). Lovett and Lewandowski
(2015) suggest the use of multiple techniques in investigating score
comparability across conditions. Score comparability is especially
important when test scores are used to make norm-referenced
comparisons across test-takers. According to Lovett (2010,
p. 614), “ : : : norm-referenced testing requires the strongest evi-
dence of comparability across standard and accommodated tasks,
and in this situation, accommodations should be avoided unless
absolutely necessary and supported by evidence of comparability.”

Purpose

In light of the above considerations, this quasi-experimental study
sought to determine the appropriateness of extended time accom-
modations by examining two research questions: (a) How do LD
status (LD vs. non-LD) and time (normal vs. extended time) affect
performance (i.e., test scores and number of items attempted) on a
cognitive ability test?, and (b) Does the validity of the test change
across time conditions?

Method

Participants

The sample consisted of 122 military participants (non-
commissioned members) who were awaiting occupational training.
Of these, 24 participants self-reported that they had a current
diagnosed LD and/or ADHD (LD group); the remaining 98 parti-
cipants without a diagnosed LD and/or ADHD formed the non-LD
group. The LD group consisted of individuals with the following
self-reported diagnoses: dysgraphia (4.17%), dyscalculia (4.17%),
dyslexia (12.50%), other LD (4.17%), unsure of LD type (8.33%),
ADHD and dysgraphia (4.17%), ADHD and dyslexia (4.17%),
Attention-Deficit Disorder (ADD; 20.83%), ADHD (29.17%),
and ADD/ADHD (8.33%). In the LD group, six (25%) reported
having used an extended time accommodation in prior school or
work settings. The LD group consisted of 20.8% women, 8.4%
visible minority, and 0% Indigenous Peoples. The non-LD group
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consisted of 17.3% women, 25.5% visible minority, and 5.1%
Indigenous Peoples.

Materials

Demographics Questionnaire

The demographics questionnaire inquired about demographic
variables, LD diagnosis, and prior accommodations. Responses
to questions about LD diagnosis were confidential, and used only
to categorize participants into groups (LD and non-LD).

Practice Canadian Forces Aptitude Test (PCFAT)

The PCFAT is a parallel version of the CFAT (see Study 1 for
description) that is available on the CAF applicant portal for
potential applicants to practice. A paper-and-pencil version was
used in this study. Raw scores are added within each sub-scale (VS,
SA, PS) to yield sub-scale scores, and can be summed to yield a total
score. The internal consistency reliability of the PCFAT for this
sample was lower than typical estimates (total score, α = .77; VS,
α = .58; SA, α = .79; PS, α = .55).

Shipley-2

The Shipley-2 (Shipley et al., 2009) is a self-administered
multiple-choice test measuring cognitive ability in individuals
aged 7–89 years. The Shipley-2 has good reliability (α = .92),
and has also been found to correlate strongly with other tests of
cognitive ability, such as the Wechsler Adult Intelligence Scale
(Shipley et al., 2009). The composite standard score was used to
examine the construct validity of the PCFAT.

Cognitive Reflection Test

The Cognitive Reflection Test (CRT) is a six-item test of cogni-
tive reflection, containing mathematical word problems that involve
suppressing an inaccurate answer that impulsively comes to mind
(Primi et al., 2016). The long version of the CRT was used in the
current study as it is appropriate for participants with both low and
high levels of cognitive reflection. The CRT displayed adequate
reliability (α = .72).

Syllogistic Reasoning

This is an eight-item measure of rational thinking and decision-
making that does not require numerical ability (Markovits & Nantel,
1989). The items are worded such that the validity of judgement is in
conflict with the plausibility of the conclusion. This measure has
been found to be correlated with cognitive ability (Stanovich &
West, 2000). The reliability of the Syllogistic Reasoning (SR)
(α = .62) was in line with past reported estimates (α = .64;
Toplak et al., 2011).

Average Grade

An item, included in the demographic questionnaire, asked
participants to report the average grade percentage received in their
most recent academic program (high school, college, or university).

This measure was used to make inferences about the criterion-
related validity of the PCFAT.

Self-Evaluation of Performance on Timed Academic
Reading

The Self-Evaluation of Performance on Timed Academic Read-
ing (SEPTAR; Kleinmann, 2005) is a nine-item self-report measure
of an individual’s perceived need for extra time when reading and
taking exams, rated on a 5-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree).

Procedure

Data were collected over two testing sessions of 2 hr each.
Participants completed all materials in paper-and-pencil format.
The PCFAT was administered in the same way as the official paper
version of the CFAT, with participants listening to and reading
instructions for each subtest before completing it. A protocol by
Lewandowski, Cohen, et al. (2013) was used, where participants
were asked to begin each subscale of the PCFAT using a blue pen
during the normal time condition, and were asked to switch to a red
pen after the normal time had elapsed. Participants were given
extra time (half of the normal time) to complete each subtest using
the red pen. Therefore, a repeated measures protocol was used such
that all participants were exposed to normal and extended time
conditions. Once the PCFAT was complete, participants com-
pleted the other tests, and were debriefed about the purpose of the
study at the end.

Results

Differential Benefits of Extended Time

Test performance in the normal time condition was measured by
examining correct and attempted items with the blue pen, and
performance in the extended time condition was measured by
examining items correct and items attempted with the blue and
red pen. Number of items attempted refers to the number of items the
participant answered, regardless if they were correct or incorrect.
Pre-screening analyses found that participants in the non-LD group
were more likely to identify as a visible minority compared to those
in the LD group. Matched random sample (nLD = 24, nnon-LD = 24)
analyses, with matching on gender, visible minority status, and
Indigenous status, revealed no differences in results from that found
with the full sample. A-priori power analysis using an expected
effect size of F2 = 0.33 indicated that a total sample size of 48 was
needed to detect medium-sized effects.
Two mixed-model analyses of variance (ANOVA) were run to

determine the effect of group (LD vs. non-LD) and time (normal vs.
extended) on the number of items correct and on the number of items
attempted on the PCFAT. Results showed a main effect of time on
PCFAT scores, F(1, 119) = 16.08, p < .001, η2 = .12 as well as on
items attempted, F(1, 119) = 33.85, p < .001, η2 = .22. In other
words, participants in the extended time condition not only scored
higher on the PCFAT, but also attempted more items on the test
compared to those in the normal time condition. There were
significant differences in scores and items attempted on the PS
subscale and the overall test across time conditions (see Table 1).
There was no main effect of LD status on PCFAT scores,
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F(1, 119) = .04, p = .837, η2 < .001, or on the number of items
attempted, F(1, 119) = .59, p = .443, η2 = .005. There was no
interaction between LD status and time on PCFAT scores, F(1,
119) = .89, p = .348, η2 = .01, nor on number of PCFAT items
attempted, F(1, 119) = .45, p = .505, η2 = .004. These results
suggest that participants received a higher score on the PCFAT
when given with extended time, regardless of LD status. As such,
both LD and non-LD groups benefitted from extra time. Interest-
ingly, there were no significant differences in LD and non-LD
participants’ self-reported need for extra time.

Validity of Inferences

To examine whether similar inferences can be made about the
construct of interest (cognitive ability as measured by PCFAT)

under normal and extended time conditions, correlations were
examined between PCFAT scores and the other measures (see
Table 2). Positive associations were observed in both the normal
and extended time conditions, and controlling for LD status did not
statistically change these magnitudes. Using the cocor package in R
statistical environment (Diedenhofen & Musch, 2015), there were
no significant differences in associations across the time conditions
between the PCFAT and the Shipley-2 composite (z = −1.11,
p = .267, 95% CI [−.08, .02]), CRT total (z = −.58, p = .562,
95% CI [−.07, .04]), SR total (z = 1.02, p = .307, 95% CI [−.03,
.09]), and average grade (z = −1.17, p = .241, 95%CI [−.09, .02]).
In addition, internal consistency reliability estimates for the PCFAT
remained similar across both conditions. These results indicate that
psychometric estimates of the PCFAT were comparable across time
conditions.

Table 1
PCFAT Performance Across Time and LD Status Conditions

Time (study 2)

Normal Extended t p d
PCFAT VS score 9.76(2.18) 9.79(2.17) 1.35 .181 .02
PCFAT SA score 11.87(2.65) 12.14(2.90) 1.83 .070 .01
PCFAT PS score 16.72(3.30) 17.48(3.37) 6.94 <.001 .03
PCFAT score 38.35(6.35) 39.41(6.26) 5.76 <.001 .11
PCFAT VS attempts 14.78(0.91) 14.95(0.53) 2.35 .021 .18
PCFAT SA attempts 14.80(0.98) 14.90(0.81) 2.23 .028 .03
PCFAT PS attempts 27.56(3.44) 29.40(1.93) 7.75 <.001 .38
PCFAT attempts 57.14(3.96) 59.25(2.29) 7.85 <.001 .39

LD status (study 2)

LD Non-LD t p d
PCFAT VS score 10.04(1.88) 9.69(2.25) 0.70 .486 .17
PCFAT SA score 12.12(2.95) 11.81(3.35) 0.48 .670 .10
PCFAT PS score 16.12(3.19) 16.87(3.32) −0.99 .325 .23
PCFAT score 38.29(6.01) 38.37(6.46) −0.05 .959 .01
PCFAT VS attempts 14.71(1.00) 14.80(0.90) −0.42 .676 .08
PCFAT SA attempts 14.75(1.22) 14.82(0.91) −0.30 .767 .06
PCFAT PS attempts 27.46(4.08) 27.58(3.30) −0.16 .876 .03
PCFAT attempts 56.92(4.58) 57.19(3.81) −0.31 .760 .06

Time (study 3)

Normal Extended t p d
PCFAT VS score 9.24(2.20) 9.26(2.21) 1.34 .180 .01
PCFAT SA score 11.13(2.80) 11.18(2.77) 1.93 .055 .02
PCFAT PS score 14.49(4.16) 17.27(3.84) 13.45 <.001 .69
PCFAT score 34.86(6.29) 37.70(6.61) 13.33 <.001 .44
PCFAT VS attempts 14.98(.16) 15.00(.07) 1.34 .18 .11
PCFAT SA attempts 14.93(.65) 14.98(.33) 1.93 .055 .09
PCFAT PS attempts 26.73(3.73) 29.50(1.53) 13.45 <.001 .97
PCFAT attempts 56.64(3.94) 59.48(1.68) 13.33 <.001 .94

LD status (study 3)

LD Non-LD t p d
PCFAT VS score 19.48(4.02) 18.37(4.44) 1.75 .081 .25
PCFAT SA score 9.04(3.66) 11.43(2.52) −4.66 <.001 .89
PCFAT PS score 13.74(3.16) 16.16(3.65) −4.65 <.001 .67
PCFAT score 32.52(5.53) 36.77(6.16) −4.83 <.001 .70
PCFAT VS attempts 14.96(0.19) 14.99(0.08) −1.14 .261 .31
PCFAT SA attempts 15.00(0.00) 14.95(0.51) 0.74 .462 .11
PCFAT PS attempts 24.81(1.67) 28.02(2.44) 2.31 .021 .33
PCFAT attempts 58.78(1.66) 57.97(2.64) 2.20 .028 .32

Note. PCFAT = Practice Canadian Forces Aptitude Test; LD = Learning Disability; VS = Verbal Skills; SA = Spatial Ability; PS = Problem Solving.
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Discussion

The goal of this study was to examine the appropriateness of
providing individuals with and without LDs additional time to
complete a cognitive ability test. Results indicated that participants,
regardless of LD status, received higher scores and attempted more
items on the PCFAT when provided with extended time. Thus,
extended time accommodations benefitted both groups of test-takers,
andmay not be a fair accommodation if it is only granted to those with
LDs. With respect to validity of test score inferences, the results
demonstrated that the PCFAT displays comparable convergent and
criterion-related validity under normal and extended time conditions.
Both findings are important in determining the appropriateness of
extended time accommodations in standardized testing situations.

Study 3: Effect of Extended Time, Learning Disability,
and Computerized Cognitive Testing

Study 3 extended the contributions of Study 2 by using a comput-
erized mode of test administration. With the increased popularity of
computer-based testing by organizations (Derous & De Fruyt, 2016),
it is vital to determine if the effects of time accommodations on test
performance differ across test modality (e.g., computerized versus
paper-pencil). A meta-analysis on the equivalence of computerized
and conventional ability tests found a correlation of .97 for power tests
and .72 for speed tests, indicating computerization can affect speed
tests (Mead & Drasgow, 1993). More recent work has found positive
(Preckel & Thiemann, 2003), null (Bayazit & Aşkar, 2012), and
negative impacts (Taherbhai et al., 2012) of computerization on test
performance. In addition, some evidence suggests that test-takers take
longer completing online tests (Bayazit & Aşkar, 2012), and give
faster and less accurate responses on computerized tests (Van de
Vijver & Harsveld, 1994).
This study also accounted for the potential that participants in

Study 2 were primed with knowledge of being given extended
time, which may have impacted their self-perceptions—and in
turn, impacted their test-taking strategy (DeMarree et al., 2005).
Earlier research on priming suggests that behavior can be altered
by increasing the accessibility of behavioral representations which
can have unintended and passive influences (Bargh et al., 1996).
Computerized administration also allowed for an examination of
effects at numerous time intervals, whereas past research has
mostly focused on accommodations that are 1.5 times or twice
the normal time limit (Elliott & Marquart, 2004; Lewandowski,
Cohen, et al., 2013).

Purpose

In addition to replicating the findings of Study 2 using a comput-
erized cognitive test, this study examined the effects of extended
time on test performance across various time intervals.

Method

Participants

Two hundred and thirty-four students from a Canadian univer-
sity participated for course credit or cash compensation. Of these,
172 identified as women, 60 identified as men, and 2 chose not to
respond. Participants’ ages ranged from 17 to 28 years
(M = 18.91, SD = 1.63). Most participants were White/European
(63.25%), with the second-most-common ethnicity being South
Asian (9.83%). Overall, 27 participants disclosed having a diag-
nosed LD and/or ADHD (LD group); the remaining 207 partici-
pants formed the non-LD group. The LD group comprised
individuals with the following diagnoses: dysgraphia (11.11%),
other LD (14.81%), unsure of LD type (14.81%), both ADHD and
dyslexia (3.70%), ADD (14.81%), ADHD (44.44%), ADD/ADHD
(3.70%), and no specification between having ADD and/or ADHD
(3.70%). In the LD group, 15 individuals (55.56%) reported
having used an extended time accommodation in prior school
or work settings. The LD group consisted of 74.07% women,
25.93% visible minority, and 0% Indigenous Peoples. The non-LD
group consisted of 17.3% women, 25.5% visible minorities, and
5.1% Indigenous Peoples.

Materials

The PCFAT (α = .85 [total score], .78 [VS], .81 [SA], .77 [PS]),
CRT (α = .66), Shipley-2 (α = .96), the Test Attitude Survey
(Arvey et al., 1990; α = .94), and a demographic questionnaire
similar to that described in Study 2 were used here.

Procedure

Participants were recruited from a university research participa-
tion pool or responded to an email newsletter sent via student
accessibility services. They attended a 120-min testing session
located in a computer laboratory on campus, which was proctored
by at least two of the study authors. Participants were informed that
the tests were being completed to assist CAF efforts to maintain the
effectiveness of their selection tools. They were also informed that
those scoring in the top 10% would be entered to win one of three
$100.00 bonus cash prizes. Participants were not allowed to use their
phones or access miscellaneous websites during the session. The
PCFATwas administered via computer using Qualtrics. Instructions
for each subscale were read aloud by the proctor as participants
followed the same instructions on the computer screen. Participants
were given a total of 1.5 times the normal time limits to complete
each subscale (7.5 min [VS], 15 min [SA], and 45 min [PS]), and
were instructed to close the survey after the allotted time was up.
They were then given a break before resuming the study to complete
the Shipley-2 (paper administration) and remaining measures via
Qualtrics. At the end of the session, the proctors debriefed parti-
cipants as to the exact purpose of the study.

Table 2
CorrelationsBetweenPCFATandCorrelatesAcross TimeConditions

Study 2 Study 3

PCFAT
normal

PCFAT
extended

PCFAT
normal

PCFAT
extended

Shipley-2 .55** .57** .53** .60**
CRT total .56** .58** .34** .38**
SR total .38** .36** — —

Average grade .17 .20* .09 .05

Note. PCFAT = Practice Canadian Forces Aptitude Test;
CRT = Cognitive Reflection Test; SR = Syllogistic Reasoning.
* p < .05. ** p < .01.
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Results

Differential Benefits of Extended Time

We ran two separate 2 (within-subjects factor: normal time,
extended time) × 2 (between-subjects factor: LD group, no LD
group) mixed ANOVAs using the afex package in R (Singmann
et al., 2019) to examine the influence on PCFAT items attempted
and PCFAT scores. There was a main effect of extended time on
number of PCFAT items attempted, F(1, 232) = 54.04, ηG2 = .063,
p < .0001, and PCFAT total scores, F(1, 232) = 54.04, ηG2 = .015,
p < .0001, with both being higher in the extended time condition (see
Table 1). Significant differences were noted only on the PS subscale
(see Table 1). While there was nomain effect of LDdiagnosis on items
attempted, F(1, 232) = 2.42, ηG2 = .007, p = .121, there was a
significant effect on PCFAT total scores, F(1,232) = 11.60,
ηG2 = .045, p < .001; the mean score was higher in the non-LD
group. There was no interaction between LD diagnosis and time on
items attempted, F(1, 232) = 2.41, ηG2 = .003, p = .122, or on total
scores, F(1, 232) = 2.41, ηG2 < .001, p = .122.

Validity Inferences

Pearson correlations between scores on the PCFAT the CRT and
Shipley-2 were calculated with the stats package in R statistical
environment (see Table 2); the same procedures as in Study 2 were
used to test for differences across time conditions. As presented in
Table 2, all associations are positive and not statistically different
across time conditions, with the exception of the Shipley-2 associa-
tion which was found to differ (z = 2.75, p = .0059, 95% CI [.02,
.13]), but remained equally strong under both conditions. There was
a small non-significant, but positive association between PCFAT
scores and average grade which did not differ across time conditions
(z = 1.10, p = .2702, 95% CI [−.03, .10]).
We also ran CFAs to confirm the three-factor structure (VS, SA,

and PS dimensions) of the PCFAT data by comparing it to a one-
factor model across time conditions. We used marginal maximum
likelihood estimation—implemented with the mirt R package
(Chalmers, 2012)—and assessed fit using Hu and Bentler’s (1999)
two-index presentation strategy. Under both normal and extended

time conditions, the three-factor model (normal time: RMSEA =
.050, 95% CI [.047, .052], SRMSR = .058; extended time:
RMSEA = .018, 95% CI [.008, .025], SRMSR = .058) yielded
acceptable fit to the data compared to the one factor model (normal
time: RMSEA = .057, 95% CI [.055, .059], SRMSR = .069;
extended time: RMSEA = .034, 95% CI [.030, .039], SRMSR =
.069). This was also confirmed by chi-square difference tests.

Exploratory Analyses

Paired sample t-tests comparing PCFAT scores and attempted
items across various extended time points (1.375× normal time,
1.25× normal time, 1.125× normal time) showed significantly
higher scores and items across all time intervals (see Figure 1,
Table S2). Comparisons of subscale scores revealed significant
differences for the PS subscale, with d = .66, t(233) = 13.30,
p < .001 (1.375× interval); d = .46, t(233) = 13.05, p < .001
(1.25× interval); and d = .26, t(233) = 12.16, p < .001 (1.15×
interval). The influence of gender was also explored using mixed
ANOVAs (within-subjects factor: normal time, extended time) × 2
(between- subjects factor: male, female) to find no significant main
effect for gender or interaction with time on PCFAT outcomes.

Discussion

This study replicated Study 2 using a computerized mode of test
administration. Results were similar to Study 2 in that participants
received a higher score and attempted more items on the PCFAT
when provided with extended time, regardless of LD status. Hence,
these findings do not support the maximum or differential boost
hypotheses (e.g., Sireci et al., 2005) that is required for appropriate
accommodations. The PCFAT also maintained construct validity
under normal and extended time conditions, meeting the criteria of
“unchanged constructs” as specified by Hollenbeck (2002). Further,
medium to small effects (Cohen, 1988) were found at all time
intervals examined (1.375×, 1.25×, and 1.15×) for the total number
of items attempted and test scores. However, it appears that extended
time only affected performance on the PS subtest.

Figure 1
PCFAT Total Scores Across Time Intervals
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General Discussion

This paper describes research that must be undertaken by any
organization to investigate the appropriateness of an accommoda-
tion. According to Standard 3.9 (AERA et al., 2014), test developers
and users must furnish evidence to support an accommodation as
targeting the test-taker’s specific need and as maintaining the
construct assessed by the test. Even when an accommodation is
not supported, any modifications to the test or testing procedures
must be accompanied by evidence that satisfactorily supports its
psychometric properties. As illustrated through this examination, a
consideration of extended time accommodations in standardized
testing must first demonstrate the extent to which a test measures
speed. Study 1 illustrated the application of a methodology that
empirically established the CFAT as a test of ability or power.
Studies 2 and 3 set out to examine the appropriateness of time
accommodations by considering two main questions required for
this determination. The first pertains to differential benefits; an
accommodation is appropriate only if it benefits those that it is
intended to benefit (in this case, those with LDs; Lovett, 2010).
Results from both studies showed that both groups, LD and non-LD
test-takers, benefitted from extra time even when the increases were
small (1.125× the normal time limit), suggesting that extended time
is not an appropriate accommodation in the administration of this
cognitive ability test. These findings furnish important evidence to
support decisions about modifications to the test’s time limit.
The second question pertains to the validity of test score infer-

ences; validitymust be comparable across extended and normal time
conditions (Lovett, 2010). Findings from both studies suggest the
test’s convergent and criterion-related validity were maintained
across time conditions. The relevance of grades as a criterion in
this research is supported by its use as a key outcome in post-
graduate hiring decisions (Strenze, 2007) and its link to job perfor-
mance (ρ = .30; Roth et al., 1996). Moreover, research has
demonstrated that GPA is positively related to intelligence test
scores (Di Domenico & Fournier, 2015), including cognitive ability
measures that are similar to the CFAT such as the Armed Services
Vocational Aptitude Battery (r = .26, Coyle, 2015). Cognitive
ability also reflects people’s ability to succeed academically, and
academic grades have traditionally been used to establish the
criterion-related validity of such tests (Di Domenico & Fournier,
2015). Although our averaged criterion-related validity estimates
across time conditions were comparatively lower (r = .19, Study 2;
r = .07, Study 3), these are attributed to possible artifacts (e.g.,
lower reliability of the PCFAT in Study 2, range restriction in Study
3 due to pre-requisite grade requirements for entry into university) as
the meta-analytic validity estimate of the CFAT itself is much
stronger (ρ = 0.58; Darr & Saindon, 2018). Regardless, the aim
of the present research was to demonstrate comparable validities
across time conditions, which was supported by our results.

Limitations

The lower-than-optimal reliability of the PCFAT in Study 2 may
be attributable to the paper-based administration of the test, as these
estimates were higher in Study 3 which used a computerized
administration. We acknowledge that unequal group sizes
(i.e., LD and non-LD groups) and unequal variability can impact
the power of mean difference tests (Rusticus & Lovato, 2014).

However, post-hoc comparisons using a larger hypothetical n of 100
for each LD status group did not change the non-significant findings
that were obtained. We note that small samples are typical in
developmental psychology research due to the nature of testing
and recruiting individuals from specialized populations
(Lewandowski, Cohen, et al., 2013).
Another possible limitation is the questionable validity of parti-

cipants’ self-reported LD diagnosis. However, this remains a con-
cern even for professional LD diagnoses. Lovett and Lewandowski
(2015) highlighted inconsistencies in the application of criteria in
the Diagnostic Statistical Manual-5 (DSM-5) for defining an LD
across clinicians and educational institutions, along with problems
of subjectivity and measurement error. Research on this topic
suggests that many university students with a disability diagnosis
fail to meet the standard criteria outlined in the DSM-5 based on test
scores (Sparks & Lovett, 2009). Lovett and Lewandowski (2015)
acknowledge that there remains a need to advance the science of
identifying LD impairments.

Implications for Research and Practice

Evidence from investigations showcased in this paper are crucial in
determining the appropriateness of any accommodation, keeping in
mind the definition of an accommodation as “relatively minor
changes to the presentation and/or format of the test, test administra-
tion, or response procedures : : : ” (AERA et al., 2014, p. 58).
Organizations have a legal obligation to accommodate individuals
with certain needs, particularly if those needs are based on grounds of
discrimination (in this case, disability). However, an accommodation
may not always be possible because it poses undue hardship for the
organization in the form of excessive costs or increased health or
safety risks to individuals (Canadian Human Rights Commission
[CHRC], 2007). The bona fide justification is often used by organiza-
tions who choose to defend an alleged discriminatory practice or the
refusal of an accommodation (CHRC, 2007). Successful defences,
however, require sufficient evidence (e.g., reason for the existing
standard in place, impact of the standard on some groups, consider-
ation of alternate standards, connection of the standard to perfor-
mance), which is typically obtained through research similar to this
one.Therefore, despite legislative requirements, organizations require
evidence to legally defend their tools and processes as valid and fair.
As Lovett and Lewandowski (2015) suggest, most institutions simply
resort to granting accommodations, because it is quicker and easier to
advocate for an accommodation than to gather the necessary evidence
to support its appropriateness.
While the field of educational research appears to be ahead in
addressing issues/concerns pertaining to testing accommodations,
there is presently limited guidance available to test developers and
administrators responsible for standardized testing in personnel
selection contexts. As organizations strive to remain compliant
with legislation pertaining to employment accessibility, it is hoped
that this paper raises awareness among I/O psychology scientist-
practitioners about important considerations in recommending or
applying alternate procedures to existing standardized selection
practices. As for those involved in selection test/assessment devel-
opment, the principles of universal design (UD) are especially
relevant (Braden & Joyce, 2008; Lovett & Lewandowski, 2015),
as they require the anticipation of individual needs and preferences
(e.g., preference for visual or auditory stimuli, need for breaks), and
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the incorporation of flexibility in the design of a selection test or
procedure to address these needs (e.g., shorter tests, large print). The
application of UD in test development is likely to result in fewer
accommodation requests. It also has the potential to address adverse
impact resulting from factors such as language (e.g., Beiser &
Gotowiec, 2000) by considering the incorporation of non-verbal
test content, for example. In conclusion, this paper adds to the
limited body of available guidance to selection testing professionals
in making decisions about the appropriateness of accommodations.

Resumé

Dans les contextes de sélection qui utilisent des tests normalisés, le
recours à des mesures d’accommodement doit être accompagné de
preuves à l’appui de leur pertinence. Trois études ont examiné la
pertinence de mesures d’accommodement de longue durée dans les
tests de capacité cognitive. L’étude 1 a examiné la rapidité du Test
d’aptitude des Forces canadiennes (TAFC) en utilisant les données
de 12 555 candidats pour établir que la rapidité n’est pas un facteur
dans le TAFC. L’étude 2 a examiné l’impact du temps supplémen-
taire dans l’achèvement d’une administration sur papier de la
pratique TAFC pour les participants avec et sans trouble d’appren-
tissage (LD). Les données de 122 stagiaires militaires ont révélé que,
peu importe le statut de LD, les participants ont obtenu des scores
plus élevés et ont essayé plus d’items. L’étude 3 a reproduit et élargi
les résultats de l’étude 2 en utilisant un échantillon universitaire
(n = 234) et un mode d’administration des tests informatisé. Les
résultats des deux études ont également suggéré que la validité liée à
la construction et aux critères était comparable dans le temps. Dans
l’ensemble, cette recherche a des implications pour ceux qui envi-
sagent des accommodements de temps dans les tests de capacité
cognitive, et contribue à l’ensemble limité de connaissances sur les
accommodements de test disponibles pour les développeurs et
fournisseurs de tests de sélection.

Mots-clés : accommodement de temps, capacité cognitive, tests
standardisés
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