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Gulliksen (1950) established the distinction between pure power and pure speed intelligence tests. Most
standardized measures combine power and speed requirements. The speediness component affects test scores'
reliability and validity, since it involves variance not due to the mental ability of interest. Here we propose the
use of the Stafford's Speediness Quotient (SQ, 1971) for identifying items biased by the speed component. We
developed two converging methods based on Structural Equation Modeling (SEM) to assess the validity of the
SQ index. The methods concurrently identify items substantially affected by speededness in three standardized
fluid intelligence tests with different speed requirements. Basing on the SQ at the item level, a simple strategy
for separating the power and speed components of mental ability tests applied under time constraints is pro-
posed. This strategy allows an estimation of the respondents' level uncontaminated by the speed unwanted var-
iance. This procedure only requires right/wrong responses (e.g., does not need any information external to the
test, such as response times) and it is appropriate for medium-small sized samples. A rule of thumb is suggested
for identifying items affected by speediness. The simplicity of the proposed procedure allows its use in applied
settings for detecting and controlling speed-related variance in tests' scores.
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1. Introduction

For almost 90 years, researchers have tried to isolate the effect of
speed for responding to standardized tests. The first attempts to
address this issue date back to the pioneer works by Peak and Boring
(1926), Kelley (1927), Spearman (1927), and Baxter (1941). In his
handbook—Theory of Mental Tests—Gulliksen (1950) defined a pure
speed test as one composed by a large number of items so easy that
any examinee would be able to answer properly all of them. The perfor-
mance would be measured through the number of items answered in a
limited time. On the other hand, a pure power test was defined as one in
which all items are attempted and the score depends upon the number
of items properly answered.

The vast majority of currently administered tests are neither pure
power nor pure speed tests, but a mixture of both in unknown propor-
tions. Hence, the concept of test speediness is often used to refer to a
“situation where the time limits on a standardized test do not allow
substantial numbers of examinees to fully consider all test items” (Lu &
Sireci, 2007) or to “the extent to which the time limit influences the

measurement of examinees' achievement” (Hailey, Callahan, Azano, &
Moon, 2012).

1.1. The speediness threat: intelligence is a matter of level

It has been claimed that the speed at which examinees answer to a
test is, indeed, significantly related to their ability. Thus, for instance,
Spearman (1927) assumed that speed and power rely on the same abil-
ity. Vernon (1983) supported this view and suggested that the faster an
individual is able to process the information, the less time he needs to
maintain it on working memory. Hence, working memory capacity
will bemore efficient combinedwith a higher speed of processing, lead-
ing to a better cognitive performance.

However, differences in speed when completing a test might be un-
related with power differences in the measured ability. In this regard,
Dennis and Evans (1996) showed that scores on a test might depend
upon the Speed-Accuracy tradeoff strategy chosen by the person, in-
stead of his or her actual power/level. Talento-Miller, Guo, and Han
(2013) reported that individuals whose native language was Korean
had issueswith speediness inmany English computerized testsmeasur-
ing cognitive abilities. Consequently, test scoresmight be affected by the
language proficiency of the individuals in some scenarios. Similarly, at
least under certain conditions, when individuals are trained in an intel-
lectual task, they respond faster and achieve higher performance, re-
gardless of their actual level in the measured ability (Chuderski, 2016).
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Therefore, it has been argued that the speed component should be
considered detrimental to the proper functioning of standardized cogni-
tive tests. The rationale is that any cognitive test is designed to measure
a given ability, and, therefore, scoresmust capture real individual differ-
ences on this ability. The speed component might introduce construct-
irrelevant variance and, therefore, these scores may no longer provide
an adequate basis for the type of inferences the test user wishes to
make (Lu & Sireci, 2007). Speediness should be considered a threat to
both the validity and fairness of the tests and their derived scores (Lu
& Sireci, 2007; van der Linden, 2011; Goegebeur, De Boeck, &
Molenberghs, 2010).

In a similar vein, Carroll (1993) underscored, in his seminal survey of
factor-analytic studies of intelligence (Human cognitive abilities) that
standardized tests must evolve to clearly differentiate the speed and
level facets of the measured ability: “intelligence is chiefly a level ability,
in that it indicates the level of task difficulty and complexity that is attained
or attainable by an individual at a particular point of time or stage of devel-
opment, when the individual is given adequate time to exhibit that level of
mastery (further) rates of performance on elementary cognitive tasks could
(not) be used as indicants of intelligence level” (p. 508). Thus, Carroll sup-
ported the view that intelligence is mainly a matter of ‘level’ (power),
and, therefore, ‘speed’ must be seen as much less relevant for capturing
the essence of the intelligence construct. Indeed, the three-stratum
theory relegates speed factors, such as ‘broad cognitive speediness’ (2S)
and ‘processing speed’ (2T) to the right side of the taxonomy, far away
from ‘general intelligence’ (3G), since they are weakly correlated with g.

This view is consistent with a well-known phenomenon: when an
exploratory factor analysis is performed from scores obtained in a
speeded test supposed to measure one single ability, two latent factors
are usually found. The first factor is usually interpreted as the ability
level component (what we want to measure) whereas the second factor
is interpreted as the speed component unrelated to the latent ability of
interest (differences among individuals related to solving strategies, lin-
guistic issues, previous training with the test, and so forth). In a recent
study about math reasoning ability, Davison, Semmes, Huang, and Close
(2012) found that a two-dimensionalmodel, achieving reliablemeasures
for both level and speed factor scores, can be properly estimated.

1.2. Methods for separating power and speed

There have been previous attempts to isolate the speed component
unrelated to the level of interest in speeded tests (see Lu & Sireci,
2007 for a detailed review). These attempts can be divided into those
using external information to the test, such as response times (for
more information on the relationship between the latter and cognitive
ability, see Jensen, 2006; Sheppard & Vernon, 2008; van der Linden,
2007), and those not using any external information. Here we focus
on the second approach.

Item Response Theory (IRT) have developed procedures for estimat-
ing items parameters and, therefore, for isolating the speed component
(Suh, Cho, &Wollack, 2012; Partchev & De Boeck, 2012; van der Linden,
2006, 2009, 2011; Pieters & van der Ven, 1982). This framework facilitat-
ed the development of Computerized Adaptive Tests for estimating the
ability (power) and speed components (Talento-Miller et al., 2013;
van der Linden, 2006). However, IRT models entail two properties that
may limit their usefulness for applied psychology: 1) the sample sizes
needed for these procedures are large (n N 500), and 2) the underlying
mathematical models are very complicated for applied practitioners.

On the other hand, there are several procedures for assessing test
speediness based on Classical Test Theory (CTT). Gulliksen (1950)
suggested decomposing the variance of the wrongly answered items
in two parts: a) the proportion due to not reached items and b) the pro-
portion due to errors or omissions. Similarly, Stafford (1971) proposed a
Speediness Quotient (SQ) for measuring the proportion of errors due to
not reached items by dividing the number of not reached items by the
total number of wrong items (not reached + incorrect or omitted).

Based on a different logic, Cronbach and Warrington (1951) proposed
a Double Administration procedure that required applying the same
test to the same examinees under pure speed conditions and under
pure power conditions. Afterwards, the tau statistic can be calculated
as the correlation between test scores obtained from the speed and
power administrations, corrected for attenuation. It allows comparing
performance in both conditions. Although it provides relevant informa-
tion, the double administration needed to calculate taumakes it not re-
ally efficient.

Despite the availability of somemethods for isolating the speediness
of a test, there is not a clear solution for this problem. As stated by Lu and
Sireci (2007) “the literature is thin with respect to the relative effectiveness
of different speediness evaluation methods, and so much more research in
this area is needed”. Therefore, here we propose an efficient method
for separating the variability in scores unrelated to the mental ability
of interest (level).

1.3. The present study

We selected three well-known intelligence standardized tests with
high, moderate and low speed constraints. We propose an efficient
method for detecting items substantially affected by speediness, and
for isolating test speediness, based on the application of Stafford's
(1971) Speediness Quotient at the item level (SQi).

For testing the robustness of the proposed method, we developed
two strategies based on Structural Equation Modeling (SEM): a) An un-
restricted SEM requiring minor a priori decisions about which items
might be affected by speed (Minimal Restriction Speediness Model,
MRSM), and b) A set of nested SEMs to assess the progressive fit im-
provementwhen new items are allowed tomeasure speed (Progressive
Speediness Assessment Set, PSAS). If the SQi is effective, the other two
methodsmust converge. Crucially, no external information to the test it-
self is required, and they are much simpler to apply and to interpret
than any of the currently available IRT procedures.

2. Method

2.1. Participants, measures, and procedure

Three hundred and twenty seven Psychology undergraduates (73.1%
females, mean age = 19.3, SD= 4.5) volunteered to participate in this
study. Informed written consent was obtained.

They completed three fluid-abstract intelligence (Gf) tests, adminis-
tered collectively in groups of nomore than 30 participants: the Raven's
Advanced Progressive Matrices Test (RAPM), the abstract reasoning
subtests from the Differential Aptitude Test Battery (DAT-AR), and the
inductive reasoning subtests from the Primary Mental Abilities Battery
(PMA-R). The RAPM comprises a matrix figure with three rows and
three columns. Among eight possible alternatives the one completing
the 3 × 3 matrix figure must be chosen. DAT-AR is a series test based
on abstract figures. Successive figures follow a given rule, so the one
continuing the series must be chosen from several alternatives. PMA-R
comprises letters' series items. The rule (or rules) underlying a given se-
quence must be extracted for selecting the correct alternative.

RAPM comprises 36 items (max. score = 36) and its time limit is
40 min. DAT-AR comprises 40 items (max. score = 40) with a time
limit of 20 min. PMA-R comprises 30 items (max. score = 30) with a
time limit of 6 min. Hence, the examinees had 67 s per item for RAPM,
30s/item for DAT-AR, and 12 s/item for PMA-R. Accordingly, we predict
that PMA-R will be the most speeded test, followed by DAT-AR and
then by RAPM.

2.2. Analyses

The analytic sequence described in this section was applied sepa-
rately for each intelligence test.
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