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Decision speed in intelligence tasks: correctly an ability?

VANESSA DANTHIIR!, OLIVER WILHELM & ANNEKATHRIN SCHACHT

Abstract

Relatively little is known regarding the broad factor of correct decision speed (CDS),
which is represented in the theory of fluid and crystallized intelligence. The current study (N
= 186) examined the possibility that distinct CDS factors may exist that are specific to the
broad ability assessed by the tasks from which the correct response latencies are derived, in
this instance fluid and crystallized intelligence (Gf and Gc) tasks. Additionally, the relation-
ships between the correct response latencies and Gf, Gc, and processing speed (Gs) were
investigated. Two distinct yet correlated factors of CDS were identified for Gf and Gc tasks,
respectively. Both CDS factors were related to their ability factor counterparts, and CDSg,
was lowly related to Gs. However, item difficulty moderated the relationships between CDS
and the abilities. When item difficulty was considered relative to groups of participants
differing in ability level, differences in the speed of responses were found amongst the abil-
ity groups. The pattern of differences in speed amongst the ability groups was similar across
all levels of item difficulty. It is argued that this method of analysis is the most appropriate
for assessing the relationship between ability level and CDS. The status of CDS as a broad
ability construct is considered in light of these findings.
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Current attention pertaining to individual differences in mental speed focuses primarily
upon the relationship between intelligence and reaction time (RT) in elementary cognitive
tasks. The finding of a moderate negative relationship between these two constructs is now
well established. The ability factor of processing speed (Gs) in the theory of fluid and crys-
tallized intelligence (Gf-Gc theory) also represents the speed with which one responds to
cognitive tasks that are so simple that almost everyone would get the answer correct if there
were no time limit (see, e.g., Horn & Noll, 1997).

Although quickness of responding correctly in more complex cognitive tasks, such as
typical intelligence test items, represents a popularly held notion that speed of solving a
problem is indicative of one’s intellectual power, this type of speed has arguably received
little attention in latter day intelligence research. Despite this fact, a broad ability factor
representing this particular type of speed seems firmly entrenched in descriptions of Gf-Gc
theory.

(Correct) Decision speed in Gf-Gc theory

A capsule description of the broad ability factor representing speed in responding to
complex intellectual tasks is found in most references concerning an account of Gf-Gc the-
ory. The name and definition of such a factor varies somewhat amongst accounts, but it is
most typically referred to as Correct Decision Speed (CDS) and described as representing
speed in providing correct answers to problems of non-trivial, or moderate, or intermediate
difficulty (see, e.g., Horn, 1987; Horn & Noll, 1997; Woodcock, 1998), or in “tasks that
require one to think” (Horn & Hofer, 1992, p. 57; see also, Vanderwood, McGrew,
Flanagan, & Keith, 2002). It is not clear in some descriptions of CDS that speed in intelli-
gence tasks in general is being referred to, due to the use of the terms “moderate” or “inter-
mediate” difficulty. However, this can be inferred from some of the earlier writings, men-
tioning this type of speed in more detail, in which variables were formed from either correct
or correct and incorrect answers on typical marker tests of Gf and Gc, such as Matrices,
Letter Series, Esoteric Analogies, and Vocabulary tasks (Horn, Donaldson, & Engstrom,
1981). Furthermore, Horn and Hofer (1992) state that the problems used when assessing
CDS are “of the same kind used to measure Gf or Ge or other cognitive capabilities” (p. 62).

In other writings on Gf-Gc theory, a Decision Speed (DS; Horn, 1998; Horn &
Donaldson, 1980) or Quickness in Deciding on Answers (QDA; Horn, 1988) factor is re-
ferred to, which does not differentiate between correctness of response. Horn (1988) states
that QDA has been found in only three studies, which were reported by Horn, Donaldson,
and Engstrom (1981), and summarises the relevant findings. The QDA factor is a second-
order factor subsuming two first-order factors, one representing speed in giving correct an-
swers (CDS) and the other indicating speed in giving incorrect answers, which arise from
scoring a variety of intelligence tests for the speed of providing an answer (Horn, 1988).
Finally, mention is made by Horn and Donaldson (1980) of another study which examined
response latencies in intelligence tasks. In the analyses of this study, the speed taken in
reaching decisions on three Gf and three Gc tasks was used to form composite variables
representing correct decision speed in Gf tasks, correct decision speed in Gc tasks, and a
conglomerate of the speed for incorrect answers in both types of tasks.
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The main findings from Horn and colleagues’ work investigating speed of response in in-
telligence tests are (see Horn, 1985; Horn, 1988; Horn & Donaldson, 1980; Horn & Hofer,
1992) (a) speed in obtaining correct and incorrect answers correlates positively (e.g., Horn,
1985); (b) both correct and incorrect speed measures and the higher-order factor of QDA
correlate only very lowly with Gs and the difficulty with which one can succeed in intellec-
tual problems. The typical correlation for speed in correctly solving answers with level of
problem solved is .20, from several studies assessing several intellectual abilities (Horn,
1988); (c) Gs correlates higher with power measures of Gf than does CDS (Horn, 1985); and
(d) CDS becomes longer with age yet is not implicated in the aging decline of Gf (Horn,
1988).

Horn, Donaldson, and Engstrom (1981) state that a CDS factor has been found under
only a few conditions in a few studies and thus is not well replicated; similarly Horn and
Noll (1994) classify this factor’s status as “not replicated.” Although there are only a limited
number of studies that have investigated speed of responding in typical intelligence tasks in a
manner similar to Horn and colleagues, few have come close to applying the stringent condi-
tions under which the original studies were carried out. Horn and Hofer (1992) list several
precautions that were used when investigating the relationship between CDS and accuracy
measures in order to ensure that the two measures are not confounded, thereby producing an
artifactually high correlation. These conditions were (a) all participants attempted all items
from which speed and level measures were obtained; (b) the items used to measure level are
different from those used to measure speed; (c) participants had the option of abandoning an
item as opposed to guessing, and the measure of level was the average level of difficulty of
correct solutions; and (d) the participant produces an answer rather than selecting it from
several options. The last two precautions were supposed to reduce the effects of guessing
(Horn & Hofer, 1992).

Theoretical considerations of response speed in intelligence tasks and its
relationship to ability

Regarding the substantive nature of CDS, Horn (1988) points to a lack in our knowledge
regarding the way findings pertaining to speed should be interpreted, and acknowledges that
“the extent to which different forms of speediness represent capacity, stylistic features of
personality, and test-taking strategies is not known with any certainty” (p. 668). Indeed,
Horn (1987) presents evidence that personality or motivation-like variables, such as persis-
tence and carefulness, influence performance on timed intelligence tests. Jensen’s (1982)
finding that total time taken on Raven’s Matrices correlated negatively and moderately with
extraversion, adds support to the notion that personality variables might play some role in
speed of response in intelligence tasks.

The expectation, in line with the phenomenon of positive manifold, seems to be that if a
relationship between accuracy and speed on intelligence tasks does exist, then more able
people will be quicker than those less able. However, Sternberg (1984) emphasises the im-
portance of metacomponents® in intelligence and suggests that ignoring metacomponents,

2 Metacomponents are one type of component identified in Sternberg’s componential subtheory of intelli-
gence (Sternberg, 1984).
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such as a metacomponent of allocation of resources, leads to erroneous conclusions regard-
ing the nature of intelligence. For instance, contrary to the “smart is fast” assumption, Stern-
berg argues that there are tasks and task components in which being slower is correlated with
higher intelligence. For example, more able participants spend more time on global (higher-
order) planning in problem-solving (Sternberg, 1981) and more time overall on arithmetic
and logic problems requiring “insight” as opposed to just knowledge (Sternberg & Davidson,
1982). Based on such evidence, Sternberg (1984) posits that in some situations, it is speed
selection (or resource allocation), rather than speed per se, that differentiates more and less
able people. If this is the case, then it is likely that the relationship between ability and speed
on intelligence test items will not necessarily be as straightforward as a negative relationship,
and may vary depending on what processes are required for task solution and possibly on
how difficult the item is.

It seems many different factors may influence the speed at which one responds in intelli-
gence tasks, hence it is unclear as to what correct decision speed in intellectual tasks repre-
sents. Of the variables that may be related to response speed, the level of ability has been
most focused on. Although there is empirical evidence for many types of intelligence tasks
suggesting that speed and accuracy are not highly correlated (Horn & Hofer, 1992), when
examining latencies of only correctly solved items, a confound which potentially obscures
any relationship which does exist has been noted by several researchers (Frearson, Eysenck,
& Barrett, 1990; Jensen, 1982). This confound arises due to the fact that more able people
will solve harder items, which require longer solution times’, thereby increasing their aver-
age response time in comparison to less able people. To obviate this confound, Jensen (1982)
advocates comparing only response speeds to items that all participants solve. The problem
with this approach is that, if focusing on a normal sample ranging in ability level, even
though the items are derived from intelligence tasks they are of limited generality because
intelligence test items typically range in difficulty from easy to hard.

Another approach to obviate the aforementioned confound would be to examine the rela-
tionship between level of ability and speed on items grouped according to difficulty. This
has been undertaken in some studies, to be mentioned shortly, with some evidence for item
difficulty being a moderating factor of the relationship between item response speed and
accuracy. However, considerable problems also exist with this method. One is that the num-
ber of higher ability people considered in the relationship will be increasingly greater, pro-
portionate to the number of lower ability people, as the groups of items become harder.
Similarly, the average correct response latency will always be based on a greater number of
latencies for higher ability people, compared to the number for lower ability people (see also
Lohman, 1989), and this discrepancy might be greater for the harder groups of items than the
easier groups. Moreover, as the difficulty of the groups of items increases, the likelihood that
the score will result from a lucky and not long considered guess also increases with decreas-
ing ability. The end result of a combination of these factors is that an individual’s mean
correct response latency score will be decreasingly stable and valid as their ability decreases,
and the difficulty of the items increase. Furthermore, although an item’s difficulty is conven-
tionally defined as the proportion of people in some standard group who succeed at the par-
ticular item, within a sample, the relative difficulty of an item will vary depending on the

® Jensen (1982) notes that, averaged over participants, the correlation between mean item solution time and
item difficulty approaches unity.
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particular individual’s level of ability. Using this method, response speeds are being com-
pared on items that are of differing difficulty for participants, depending on their ability
level. Yet, without consideration of item difficulty as relative to ability level, it is impossible
to fully determine any effect ability has on how quickly one responds to, for example, an
“easy” item. Hence, a finding of a negative correlation between speed on intelligence items
and ability can really only be interpreted as “more able people are faster than less able peo-
ple on items that are easier for the more able people than they are for the less able people.”

An approach that addresses all of the above-mentioned issues is to examine different
groups of items that are of approximately equal difficulty across groups of participants, these
participants being grouped according to level of ability. This approach affords a more rigor-
ous examination of any relationship between speed of correct response and ability, in intelli-
gence tasks, yet it has not been previously undertaken.

Empirical findings concerning response speed in intelligence tasks and its
relationship to ability

The current study concerns the status of CDS, along with its relationship to Gf, Ge, and
Gs. Relatively few studies exist that examine speed measures derived from intelligence tasks
in regards to either factorial studies or their relationship to accuracy measures. Available
studies have provided conflicting results, thus the picture regarding the relationship between
speed and accuracy measures from intelligence tasks seems still far from clear, and the na-
ture and number of different speed factors that arise from the measures is uncertain. Typi-
cally, both speed from correctly and incorrectly answered items have been examined in
conjunction, therefore, in the following passages that briefly review some of the main find-
ings, studies that use not only correct response speeds will be considered as well. Findings
from factorial studies incorporating speed from intelligence measures will be reviewed first,
and findings focusing upon the relationship between speed and accuracy measures from
intelligence tasks will be addressed second.

Factorial findings using speed indices

A question that remains to be clarified is how many factors are required to account for
the variability amongst decision speed indices derived from intelligence tasks. In earlier
writings, Horn and colleagues proposed two composite variables for correct decision speed
in Gf and Gc tasks (Horn & Donaldson, 1980), however only one Correct Decision Speed
factor is present in contemporary work on the theory. The inference thus made is that CDS
generalises across factors. This inference is similarly drawn regarding Carroll’s Rate-of-
Test-Taking (RTT; R9 in Carroll, 1993) factor, which in his three stratum model is consid-
ered a first stratum factor underlying Gs. RTT factors were reported in twelve studies reana-
lysed by Carroll, and represent the rate at which individuals perform tests of a cognitive
nature but “do not appear to be associated with any particular type of test content” (Carroll,
1993, p. 475). The RTT factor seems to be similar to Horn’s (1988) DS factor, with both
factors not necessarily taking into account whether responses are correct. However, the RTT
factor is loaded on by tests of low difficulty; indeed some of the tests are so easy that they
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are considered Perceptual Speed tests. Further, the notion of RTT loading on a higher-order
Gs factor, as reported in Carroll, runs counter to Horn’s finding of CDS and Gs being corre-
lated at only a low level. Thus, the RTT factor, as defined in Carroll, could not be considered
the same as DS or CDS. Carroll cites numerous other factors that are associated with speed
of performance on ability tests, however the majority are related to relatively simple speeded
tasks. The one exception relevant to the topic at hand is a Speed of Reasoning factor, for
which limited evidence was found by Carroll.

Support for the possibility that more than one factor may exist that spans response speed
in intelligence tasks is present in several studies. Kyllonen (1985) addressed the question of
the dimensionality of response speeds on intelligence tasks, using a large sample. For a di-
verse battery of intelligence tasks, with response latencies recorded for the computerised
portion, an exploratory factor analysis with oblique rotation indicated reasoning speed, ver-
bal retrieval speed, and numerical-computation speed factors, alongside equivalent accuracy
based factors, and Clerical Speed and Technical Knowledge factors. A second-order solution
resulted in uncorrelated (» = -.05) general speed and general level factors.

Concordant evidence for correlated speed factors, based upon response latency measures
from different types of intelligence tasks, is found in Roberts and Stankov (1999). In this
study, separate speed factors were found for average time per item taken on visual and audi-
tory intelligence tasks (Tv/a), and inductive reasoning tasks (Tir). The factor scores derived
from Tv/a and Tir shared moderate negative (average » = -.28) and small positive (» = .13)
relationships, respectively, with their accuracy based counterparts, and both correlated posi-
tively with time measures from Gs tasks (» = .54 and .22 respectively). Contrary to Horn and
colleagues’ findings, Roberts and Stankov reported that the response speeds defining the
above-mentioned factors loaded on a second order factor interpreted as Psychometric Speed,
together with the response speeds from the Gs tasks. Of note, Roberts and Stankov also
reported that the determination and interpretation of these factors remained consistent when
accuracy and speed of response were derived from two sets of experimentally independent
variables for speed and accuracy, in line with Horn and Hofer’s (1992) prescriptions.

The relationship between speed and accuracy at the task level

The studies that have investigated the relationship between accuracy and latency meas-
ures from intelligence tasks are conflicting, in that the correlations reported range from mod-
erate and negative to small but positive. However, the majority of investigations have used
two distinct types of tasks, that is, Gc and Gf type tasks. The evidence suggests that task
type, in this broad sense of the term, may be a moderating factor of both the extent and direc-
tion of the relationship found.

For example, with regards to Gc tasks, MacLennan, Jackson, and Bellantino (1988) re-
ported an overall correlation of -.40 between item response latencies from a computerised
test of the verbal subscale of the Multidimensional Aptitude Battery (MAB) and accuracy
measures from this test and a paper-and-pencil version. This relationship is similar to Rafaeli
and Tractinsky’s (1991) finding of an average correlation of -.60 between latencies and
accuracies derived from a general knowledge task, averaged across two differently timed
conditions. The relationship Stankov and Crawford (1997) found between latencies and
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accuracy from a vocabulary task was in the same direction of these findings, but smaller in
magnitude (r = -.22).

More disparate results are found for the relationship between speed and accuracy in Gf
tasks. For example, Rafaeli and Tractinsky (1991) reported that the average relationship
between response speed and accuracy in a mathematical reasoning task, across two differ-
ently timed conditions, was negligible but negative. In contrast, Stankov and Crawford
(1997) found a correlation of .49 between response latencies and accuracy in an untimed
version of Raven’s Progressive Matrices. Neubauer (1990) also found a negligible relation-
ship between accuracy and average response latency, on Raven’s Advanced Progressive
Matrices (APM). However, when the latencies were grouped according to item difficulty, as
conventionally defined, a different picture resulted: A moderate negative correlation was
found between overall accuracy and latencies for the easy items (r = -.44), a near zero corre-
lation for items of medium difficulty (» = -.10), and a small positive correlation for the hard
items (r = .22). Furthermore, reaction time parameters from the Hick task exhibited a ten-
dency of small positive correlations with the easy APM items. These findings suggest that
the relationship between accuracy and response latencies on intelligence tasks may be mod-
erated by the difficulty level of the items, and allude to a potential relationship between
response latencies on easy Gf items and mental speed, as assessed by RT. Stankov and Cre-
gan (1993) reported a contrasting moderate negative relationship between total time taken on
a Letter Series task and accuracy from the APM, administered under stricter than usual time
limits. However, Stankov and Cregan also found that the level of difficulty on the Letter
Series task moderated this relationship, albeit to a much lesser extent than Neubauer (1990);
the correlation decreased, in absolute terms, as the level of difficulty of the Letter Series task
increased. This moderating effect of task difficulty on the relationship between response
speed and Gf was not found in the studies of Stankov and Crawford (1993) and Stankov
(1994).

The evidence reviewed supports the notion that the relationship between response laten-
cies and accuracy on intelligence tests may be moderated by the type of task, in terms of
what broad ability is assessed, that the measures are derived from. Overall, negative moder-
ate sized correlations were reported for Ge tasks, whereas for Gf tasks the correlations
ranged from negative to positive. The evidence that item difficulty is a moderating factor of
the relationship between speed and accuracy is more equivocal and warrants further investi-
gation.

The current study

Several studies exist that have found speed factors based on response latencies derived
from intelligence tasks. However, there appears to be none other than the original studies by
Horn and colleagues that have found such factors that are based on similar measures from
only correctly answered items. Slater (1938) noted that latencies of incorrect and correct
solutions have no common basis for comparison. These concerns were echoed by Lohman
(1989), for the reason that latencies for error trials are difficult to interpret because the proc-
esses underlying them are ambiguous, more so than those underlying correct responses.
Thus, it appears that Horn’s Correct Decision Speed factor remains as poorly replicated as it
was in 1994.
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Moreover, from review of the literature it is clear that investigation of the relationship
between response speed and accuracy in intelligence test items has primarily been conducted
at the task level of analysis. Although this provides useful information as to the possible
relationships that exist between speed and accuracy, for certain tasks, the issue could be
more informatively addressed at the level of latent variables. Further, item difficulty appears
to be a potentially important variable, which if left unconsidered may obscure the true rela-
tionship between speed and accuracy.

We consider that the most conceptually and methodologically appropriate way to exam-
ine any moderating effect of item difficulty on the relationship between speed of correct
response and level, in intelligence tasks, is to take into account the relative difficulty of an
item for people of varying ability. However, to fully consider the effect of the possibly com-
plex relationship between speed, ability, and item difficulty, it is necessary to compare re-
sults from such an analysis with results obtained when the relationship between CDS and
ability is analysed in ways similar to that previously undertaken.

Thus, our aims to address these issues can be considered four-fold and represent a “top-
down” approach to examining the nature of correct decision speed and its relationship to
other factors. The first aim is to investigate CDS, and the possibility that distinct factors exist
based upon the broad ability assessed, using confirmatory factor-analytic methods. More
specifically, correct response latencies from Gf and Ge tasks will be examined, as these are
the most important main abilities and have been investigated most in the current context.

The second aim is to examine the relationships between any Correct Decision Speed fac-
tors that emerge and the abilities of Gf, Gc, and Gs, at the level of latent variables.

The third aim is to assess the moderating effect of item difficulty on any relationship be-
tween correct response speed and ability, in a manner similar to that with which a moderat-
ing influence has been found previously.

The fourth and final aim is to investigate the effect of item difficulty on the relationship
between speed and accuracy, when “calibrating” level of item difficulty for level of ability.
This will allow us to examine the relationship between speed of response and ability, when
items are of equivalent difficulty for each ability group.

Method

Participants

The participants were 186 (129 females) undergraduate university students and people
recruited from the wider community, ranging in age from 18 to 36 years (M = 25.19, SD =
4.78). Ninety-one of the participants had a high-school degree and 115 were currently en-
rolled as students at a university. Participants were given either 20€ or course credit for their
participation.
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Test materials and apparatus

The tests used constitute part of a larger study examining mental speed. The tests exam-
ined herein were four tests of Gs, four tests of Gf, and four tests of Gc. All tests were com-
puterised using the program Inquisit (v. 1.33, Millisecond Software) and run using Windows
XP, on identical computers with 19 in CRT monitors. For all tasks, response times for each
item or trial were recorded to the nearest ms, from the presentation of the stimulus until a
response was recorded. Custom-made keyboards, with special response keys, were used for
the speed tasks.

Broad Processing Speed (Gs) tasks. All tasks were administered without a time limit.
Three of the four tasks are versions of well-known marker tests of Gs, specifically the pri-
mary factor of Perceptual Speed. The exception was Symbol Comparison, which was a
newly devised task, similar to the Number Comparison task.

1. Finding As. In this task, the stimuli were two syllable nouns, five to eight letters in
length. The task was to press either the “yes” key if the word had an “A” in it, otherwise the
“no” key. Ten of the words had an “A” in them.

2. Number Comparison (adapted from the WAIS-R; Wechsler, 1981). Stimuli were pairs
of digit strings of equal length, 3 to 12 digits long, presented side by side with a set space
between them. The task was to press the “same” key if the strings were identical and the
“different” key otherwise. The stimuli were balanced so there were an equal number of digit
strings of each length, and an equal number of identical and non-identical strings within each
string-length. For the non-identical strings, one digit was different in strings of three to five
digits in length; two digits in those six to eight digits long; three digits in those nine to eleven
digits long; and one, two, or three digits in the longest strings. When more than one digit was
different in the non-identical pairs of strings, the digits that were different were always adja-
cent in the string.

3. Symbol Comparison. This task was the same as the previous task except symbols from
the Wingdings font, in Microsoft Windows, were used as stimuli.

4. Digit Symbol (adapted from the WAIS-R; Wechsler, 1981). A code with nine symbols
linked to the numbers one through to nine was present at the top of the screen throughout.
The stimulus was one of the nine symbols, and the task was to press the number key linked
to the symbol.

Digit Symbol comprised 45 trials, and all other tasks consisted of 40 trials. For each task,
a practice set of 12 trials preceded the start of the test. The exception was Digit Symbol, for
which the practice set comprised 18 trials. Feedback, in the form of “Right” or “Wrong”
stimuli, was presented after each practice trial.

The stimuli in both the practice trials and the test proper were balanced so that an equal
number of each potential response was required. All trials were presented in a fixed but
randomly generated order. For Digit Symbol the response keys used were in the form of a
number line at the top of the keyboard. Participants were instructed to leave the index finger
of their preferred hand on a “non-functional” home key at the start of each trial, before mov-
ing it to the appropriate response key after the appearance of the stimulus. This home key
was positioned directly beneath the centre of the number line. For the other tasks, partici-
pants left their two index fingers on the left and right response keys relevant to the particular
task. Items were presented individually on the screen after one of ten fixed, randomly pre-
sented, inter-stimulus intervals ranging from 553 to 1,612 ms, until the participant pressed
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one of the valid response keys. The first item was presented 1,500 ms after the participant
had pressed the key indicating they were ready to start the test.

Fluid intelligence tasks. The number of items in each task is presented in Table 1. The
tasks used were (a) an abbreviated version of the APM (Raven, 1962), with the items taken
from the odd-numbered items in Set II; (b) the Series Test from Scale 3, Form B, Part 1 of
the Cattell Culture Fair Test (CFT; Cattell & Cattell, 1963); (c) Number Series (Wilhelm,
2000), with open-ended response format; and (d) Arrow Series, from the Omnibus Screening
Protocol (Roberts & Stankov, 2001), with eight response alternatives. For Number Series,
the response keys were the line of number keys on the keyboard. For the other tasks, partici-
pants used the mouse to click their chosen response on the screen.

Crystallized intelligence tasks. The number of items used in each task is presented in Ta-
ble 1. The tasks were a vocabulary test and three general knowledge tests, each presented
with five response alternatives. The vocabulary test was taken from Form 1 of the WILDE
Intelligence Test (Jager & Althoff, 1994). The general knowledge test from the IST 2000 R
(Amthauer, Brocke, Liepmann, & Beauducel, 2001) was presented as three separate tests,
each being approximately equivalent in difficulty and utilising a mixture of symbolic, verbal,
and numeric item content. For these tasks, the mouse was used to click the chosen response
on the screen.

Procedure

The extended test battery was administered to groups of up to six participants, and lasted
approximately 4 hr. The battery was divided into four sessions of approximately 50 min
duration, with a break of 10 min between each session. The ability tests were evenly inter-
spersed amongst the speed tasks in each session. Two experimenters were present throughout
the entire testing session. Prior to each task, instructions were presented on screen and read
verbally by an experimenter at the same time. The instructions for each task stressed to work
as quickly and accurately as possible, with the emphasis on either accuracy or speed for the
ability and speed tasks, respectively. For the ability tests, several examples were given on the
instruction page, and the experimenter worked through these examples with the participants.
After completion of the instructions, or the practice trials for the speed tasks, the experi-
menters then ensured that all participants understood the task requirements before partici-
pants simultaneously started the test.

Although we wished to approximate power conditions for the ability tasks as closely as
possible, time limits were deemed pragmatically necessary. The time limits imposed for the
ability tests are presented in Table 1, and the participants were informed of the time allowed
at the beginning of each test. Based on both a pilot session with 15 people, in which no time
limits were imposed, and consultation of the relevant test manuals, the time constraints for
each test were formed so that they were considered relaxed enough to allow most people to
complete the test within the given time (cf. Wilhelm & Schulze, 2002). Further, participants
were informed of when there was 2 min till the expiry of the time limit and after this time
was completed, the experimenters used their discretion and allowed a few more minutes if
people were still working.
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Data manipulation

The data were subjected to a number of validity checks and manipulations prior to any
analyses. These steps are detailed below, in the order in which they were conducted. All
checks and modifications for the tasks were made only on latencies for correct answers, and
all following analyses use only these correct response latencies.

Gs Tasks. Data of single trials were first examined and any unfeasibly long latencies that
were obvious outliers were discarded. This resulted in only 15 data points being discarded.
Next, latencies less than 150 ms, or greater than three intraindividual SDs from the individu-
als’ mean on a particular task, were discarded. For each task, individuals’ mean latencies
were then computed and any outliers were discarded. This resulted in only one participant’s
mean being discarded for two tasks. These data points were then replaced by the group mean
on the particular task. Finally, the mean correct response latencies were inverted according
to the formula 1,000 / mean latency in ms, as this transformation results in a less skewed
distribution compared to mean RT. The resulting data was then used for all analyses.

Gf and Gc Tasks. For these tasks, the main intention was to purify the correct response
latencies from guessing “contamination.” In order to approximate this desired result, single
trial latencies were examined and any latencies less than 1,000 ms were discarded. Further,
any latencies for a single trial that were considered outliers at the lower tail of the distribu-
tion, were also discarded. An outlier was determined by a heuristic rather than by a set rule;
that is, any latencies that were considerably far away from the main group of latencies at the
lower end were discarded, even if it was a group of several latencies. For example, if there
were several latencies on a particular trial that were 4,000 or 5,000 ms when the next laten-
cies at the tail-end of the main group were around 10,000 ms, then the lowest were consid-
ered outliers. It is acknowledged that this method is subjective and that people can guess at
any stage when examining a problem; however, this method was considered preferable to
leaving in correct response latencies that appeared likely to be the result of guessing.*

Following this procedure, individuals’ mean correct response latencies were calculated
for each task. Four people had missing values for the mean latency on a task, and these were
replaced by the group mean for that task. Our assumption that the time limits provided for
the ability tasks were relaxed enough to ensure that most people attempted all items, was
supported during the whole procedure, as very few (64 out of 29016) latencies were elimi-
nated.’

=

This process serves to highlight some of the considerable problems inherent within the analysis of correct
decision speed. The method of encouraging participants to abandon a problem rather than guess, while go-
ing some way toward alleviating the problem, does not in any way solve it. For instance, there will still be
individual differences in peoples’ thresholds for being “reasonably sure that the answer is correct,” thus
some will provide an answer whereas others may be just as certain (or uncertain) that they have solved the
problem yet abandon it. Similarly, some will continue to attempt to determine the solution when they are
just as certain (or uncertain) as others, who decide to provide what they think may be the answer.

For Arrow Series six latencies were removed for the last two items, and 13 latencies were discarded for the
last CFT item, suggesting that these tests may contain an element of speededness.

w
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Results

Summary statistics for all tasks are presented in Table 1, for both accuracy and latency
scores. One observation that is immediately obvious from examination of Table 1 is that the
mean latencies for all Gf tasks are longer than the latencies for the Ge tasks. The correlation
matrix for all variables is presented in Appendix A.°

Table 1:
Descriptive Statistics for all Tasks

Task No. Mean SD Mean SD Time
items  accuracy accuracy  latency®  latency’  limit®

Finding As 40 39.48 0.84 1.83¢ 0.25¢

Number Comparison 40 38.78 1.16 0.47° 0.08°

Symbol Comparison 40 38.53 1.67 0.35° 0.06°

Digit Symbol 45 39.07 1.19 0.81° 0.15¢

APM 15 8.18 3.08 52,361 16,700 17

CFT 13 8.74 1.54 15,770 4,025 4

Number Series 12 8.55 2.91 39,410 12,099 12

Arrow Series 12 7.15 2.20 31,338 10,290 8

Vocabulary 20 12.29 2.90 9,929 2,517 4.5

General Knowledge 1 28 15.83 3.88 10,672 2,187 7

General Knowledge 2 28 17.16 3.99 9,894 2,083 7

General Knowledge 3 28 15.22 3.49 11,014 2,217 7

Note: “Statistics for Gf and Ge item latencies are for correct answers, and are presented in ms. "Pre-
sented in min. “Based on the transformed score: 1,000/ mean latency in ms.

Confirmatory Factor Analyses and Structural Equation Modeling

As a first step in the analyses, AMOS (Arbuckle, 1999) was used to estimate measure-
ment models for Gf and Gc, using the accuracy scores, and for Gs, using the inverted mean
latencies for correct solutions, to assess the adequacy of these variables as indicators for the
broad ability factors. For the Gs model, the residual terms of Number Comparison and Sym-
bol Comparison were allowed to covary, as they would be expected to share residual vari-
ance given their similarity. The fit of these models was excellent (Gf: "= 1.2, df =2, p =
.550; CFI = 1.000; RMSEA = .000. Gc: ° = 0.9, df = 2, p = .625; CFI = 1.000; RMSEA =
.000. Gs: xz = 0.5, df = 1, p = .465; CFI = 1.000; RMSEA = .000). Next, all three factors
were modeled together, allowing correlations among all factors, to ascertain the adequacy of
the “established abilities” side of the model. The fit of this model to the data was also excel-
lent (x> = 50.5, df = 50, p = .453; CFI = .999; RMSEA = .008).

¢ The means and variance-covariance matrix are also provided in Appendix A, for the purpose of reanalysis.
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Two measurement models for CDS were then estimated, using the mean correct response
latencies as indicators. In the first model, both the Gf and Gc indicators were specified to
load on one CDS factor (X2 =38.7,df =20, p=.007; CFI = .922; RMSEA = .071). The sec-
ond and alternative model specified the Gf indicators loading on a CDSg; factor and the Ge
indicators loading on a CDSg, factor, with the two factors allowed to correlate (X2 =27.0,df
=19, p = .105; CFI = .967; RMSEA = .048). The second model with two correlated CDS
factors (r = .68) provided a better fit to the data than the one-factor model, as indicated by a
significant Chi*-difference test (Ay*= 11.7, Adf= 1, p <.001) and a lower value for the Bayes
Information Criterion (115.8 vs. 122.3). The second model was thus taken to represent the
structure of the CDS variables.

In the final step, all factors, as specified in the previously estimated measurement mod-
els, were included in a structural model. Correlations among all factors were freely esti-
mated. Although the fit of the model to the data left room for improvement (x> = 247.6, df =
159, p = .000; CFI = .915; RMSEA = .055), it was deemed sufficient as we attribute the low
value of the CFI to the fact that, overall, the relationships amongst the manifest variables
included in the model are not that large (see Appendix A). Hence, this model is not as dis-
crepant from the null model as if the case were otherwise. Correspondingly, only three of the
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Figure 1:
Structural model of all variables. CL stands for correct latency; IT stands for inverted latency
(1,000 / mean latency in ms). The covariances between the residual terms for CFT latency and
accuracy (.41), and Arrow Series latency and accuracy (.25), are not depicted.
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correlations between the CDS factors and the ability factors were significant; those between
the CDS factors and their respective ability factors, and that between CDSg, and Gs. The
non-significant paths were then dropped and the model was re-estimated. Dropping these
paths did not harm the fit of the model (x*= 252.7, df = 162, p = .000; CFI = .913; RMSEA =
.055; AXZ =5.1, Adf=3, p =.165). Based on examination of the modification indices, covari-
ances were allowed between the respective speed and accuracy based residual terms for CFT
(:41) and Arrow Series (.25). This was interpreted as reflecting the speededness of these
tasks compared to the other tasks. The fit of this model was acceptable (x* = 216.6, df = 160,
p =.002; CFI = .946; RMSEA = .044), and this final model is presented as Figure 1.

The models suggest that CDS is somehow specific to the particular type of ability tasks
from which the latencies are measured, that is, Gf and Gc tasks; yet the CDS factors are
highly correlated. Suggestions in the literature that there is a differential relationship be-
tween latencies and accuracies, dependent on the particular tasks that the measures are de-
rived from, is also borne out at this level of analysis; a moderate sized negative correlation is
present between CDSg, and Ge, whereas a smaller yet positive correlation is found between
Gf and CDSgr. Additionally, the negative correlation evidenced between CDSg. and Gs
suggests that processing speed plays a small role in the speed at which one answers Gc
items. However, no speculations will be made as to why differing relationships are found for
the two CDS factors with other factors because it is our belief that the analyses undertaken
thus far are flawed by not adequately taking into account differences in item difficulty and
ability level.

Correlations of correct response latencies and abilities, with difficulty as a
moderating factor

Neubauer (1990) and Jensen (1982) suggest a moderating influence of item difficulty on
the relationship between (correct) decision speed and accuracy. Our next approach assessed
the effect of item difficulty on the relationship between the CDS and ability factors, using a
procedure similar to Neubauer’s; that is, without taking into account the relative difficulty of
an item to people varying in ability.

Items were grouped according to seven levels of difficulty, which are henceforth called
“difficulty bins,” with difficulty defined as the proportion of people achieving a correct
solution on an item. Mean correct response latency scores were then computed for each
difficulty bin. This procedure was conducted separately for the 52 Gf items and the 104 Gc¢
items. Table 2 shows the range of item difficulty associated with each difficulty bin, and
descriptive statistics for the mean latencies in these bins.

It is evident from Table 2 that although the bins for Gf and Gc are close in difficulty, the
latencies for the Gf items are considerably longer than response speeds on the Ge items for
bins of equivalent difficulty. However, the finding of increasingly longer response speeds,
averaged across individuals, with increasingly difficult items (see Jensen, 1982) holds within
the Ge items and Gf items.

To assess the relationship between mean response latencies, for all defined levels of dif-
ficulty, and Gs, Gf, and Gc, factor scores were computed from the correlated factors model
for these three abilities (see Results section). The correlations between these factor scores
and the mean correct response latencies for all difficulty bins are presented in Table 3.
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Table 2:
Descriptive statistics for item difficulty bins.

Bin Item difficulty range® No. items N M SDP
Fluid intelligence

1 p >.895 7 186 11,555 3,237
2 185 <p<.895 7 185 25,322 9,156
3 .690 <p <.785 7 186 32,634 9,467
4 595 <p<.690 7 186 38,786 15,128
5 510 <p<.595 8 181 52,367 21,378
6 365 <p<.510 8 180 56,618 22,805
7 p<.365 8 153 67,364 32,869
Crystallized intelligence

1 p>.845 14 186 7,869 1,772
2 740 <p < .845 15 186 8,972 1,989
3 630 <p<.740 15 186 10,493 2,832
4 545 <p<.630 15 186 11,834 3,060
5 425 <p<.545 15 186 11,968 3,007
6 305 <p<.425 15 186 12,980 4,467
7 p=<.305 15 176 13,508 5,250

a . L . . b . .
Note: proportion ofpeople achlevmg a correct solution on an item. "correct response latencies in ms.

Table 3:
Correlations between Mean Correct Response Latencies for Difficulty Bins and
Ability Factor Scores.

Factor Bin 1 Bin 2 Bin 3 Bin 4 Bin 5 Bin 6 Bin 7

Fluid intelligence
Gs =22 -25 -.17 -.08 -.09 .02 .04
Gf -.26 -.30 -.11 -.05 -.01 .07 21
Ge -.20 -.28 -.16 -.05 -.01 .05 13

Crystallized intelligence
Gs -25 -22 -.12 -.05 -.04 -.11 .05
Gf -.38 =32 -21 -.10 -.07 -.13 A1
Ge -.48 -44 -.34 -.24 -.08 -.20 .01

Note: Correlations greater than .18 are significant at p < .01.
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It can be observed from Table 3 that for all relationships between correct response laten-
cies and the ability factor scores, there is a fairly consistent, almost linear, relationship be-
tween difficulty and the level of correlation; these results are depicted also as Figure 2, to
further illustrate this trend. Mean latencies for items of the lowest difficulty show a negative
correlation with Gf, Gc, and Gs, and overall, these correlations decrease as the difficulty
level of the items increases, until it reaches either around zero for Ge, and positive values for
Gf, for the hardest items.

Focusing first on correct response latencies for Gf, although none of the correlations are
large there is a tendency for individuals higher in Gf and Gc to respond faster on easier Gf
items, show no difference in speed to those less able on items of medium difficulty, and take
more time to respond on the more difficult Gf items. Furthermore, those who are faster in
processing speed, as indexed by Gs scores, respond quicker on Gf items at the easier levels
of item difficulty. It should be noted that the pattern and size of these relationships, taking
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Figure 2:
Correlations between mean correct response latencies for item difficulty bins and Gs, Gf, and
Gc factor scores.
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into account item difficulty level, replicate Neubauer’s (1990) findings, yet with a greater
sample size, a greater number of tasks, and with more difficulty levels used in the current
study. The finding of the relationship between Gs and the easier items can also be compared
to the relationship between response speed on Ravens items and RT, found by Neubauer (see
Danthiir, Wilhelm, Schulze, & Roberts, in press).

The correlations between correct response latencies on Ge items and Gs, Gf, and Gc, fol-
low a similar pattern as the correlations evidenced for the Gf response latencies. The results
for correctly answered knowledge items also suggest that those higher on Gf and Gc are
faster than the less able on easy items, and this difference in speed decreases, overall, with
item difficulty, until the more able people end up spending a similar amount of time on the
most difficult items. Moreover, the overall magnitudes of the negative correlations are larger
than the correlations evidenced with latencies on Gf items. The same pattern, yet with the
relationships weaker overall, is found with the correct response latencies and Gs, suggesting
that faster processing speed plays a role in fast responses on the easier Ge items.

The results thereby suggest that on Gf and Gc items, more able individuals spend differ-
ent amounts of time correctly answering items than do the less able, depending on the diffi-
culty of the items. However, as previously mentioned, these analyses are methodologically
problematic, and the items composing each difficulty bin are easier for the more able people.
Thus, at the current level of analysis it is still not possible to disentangle the relationships
between ability, item difficulty, and the speed with which people correctly solve items. We
consider that examining mean response latencies for difficulty bins that are of equivalent
difficulty for groups differing in ability, will help to obtain a clearer picture of the roles of
ability and item difficulty in response speeds.

The relationship between correct response latencies and ability, with item
difficulty calibrated for ability

The final step was to examine the relationship between ability and correct response
speeds on items of different difficulty levels, with item difficulty calibrated for ability. This
allows the disentangling of ability differences and item difficulty, confounded in the previ-
ous analysis, and obviates the main methodological concerns. Because, for each task type, a
similar pattern of correlations was found when investigating correct response speeds with the
level of both Gf and Gec, the relationship between speed and level within the same ability
was focused upon, as these relationships were the strongest. To achieve this aim, for Gf and
Gc separately, the previously derived factor scores for these abilities were used to divide the
sample into equally populated groups of (a) below average, (b) average, and (c) above aver-
age ability participants.

Using the seven difficulty bins previously established for Gf items, the difficulty level of
all bins was defined, separately for each of the three Gf ability groups, as the mean propor-
tion of correct responses for the items in each bin. For each ability group, four difficulty bins
were then found whose difficulty corresponded approximately to the difficulty level of four
(different) bins for the other groups. Thus, different items for each ability group constitute a
similar level of difficulty. The same procedure was carried out for the Ge difficulty bins and
ability groups. Appendix B details the number of items from each test in each difficulty bin,
and the corresponding difficulty level for each group. The levels of difficulty for the Gf
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bins/groups were similar for the Gc bins/groups and are as follows, with the range of diffi-
culty of the bins across groups in parentheses: Hard (Gf: .37 - .48, Ge: .35 - .36), Medium
(Gf: .57 - .60, Gc: .50 - .56), Mid-easy (Gf: .75 - .80, Gc: .68 - .72), and Easy (Gf: .88 - 91,
Gc: .80 - .86).

The descriptive statistics for the mean correct response latencies for the ability groups,
across the four equivalent levels of difficulty, are shown in Table 4. To illustrate the differ-
ences in response latencies these results are also depicted as Figure 3.

Table 4:
Mean correct response latencies (SD) for ability groups, with item difficulty
calibrated for ability.
Gfitem difficulties Gc item difficulties
Abili - : - _
bi ltZ Eas Mid Medium  Hard Easy Mid Medium  Hard

group easy casy
1 12,470 28820 33,982 40,409 8,530 9,711 11,285 12,068

(3:162)  (10,456) (11,666) (19,884) (L,731)  (1,878) (2,703)  (3211)
2 24,845 33565 53384 56,856 9457 11,007 11,983 14,081

(8,966) (8325)  (20,174) (21,867) (2,066) (3,206) (2.871)  (4,776)
3 31355 35861 57428 69,627 9,186 10,834 11,628 13,256

(7,931)  (10,961) (17,898) (28,932) (2,025) (2,879) (3583)  (3,728)

Note: Statistics reported for Gf item difficulties are with participants grouped according to Gf ability;
statistics reported for Gc item difficulties are with participants grouped according to Gc ability. Re-
sponse latencies are in ms. “1 = below average, 2 = average, 3 = above average. "N = 61, in all other
cells N = 62.

It is evident from examination of Figure 3 that the pattern of relationships that were im-
plied by the correlations between level of ability and mean correct response latency, when
difficulty of the items was not calibrated for level of ability, do not apply when difficulty of
the items is calibrated for level of ability. Specifically, the calibrated analyses do not suggest
that those higher in Gf or Gc are faster on the easier items than the people lower in ability
are, nor do these analyses suggest that this difference in speed of response decreases as the
difficulty of the items increases.

Repeated measures ANOVAs were conducted to assess the effects of ability and item
difficulty on the speed of correct responses, for both Gf and Gc items. For Gf items, there
were significant differences between the ability groups, F' (2, 182) = 73.39, p < .001, partial
n° = .45, with the mean latencies increasing from the lowest to the highest ability group. The
differences in latencies across levels of item difficulty were also significant, multivariate F’
(3, 180) = 265.57, p < .001, partial n* = .82, with all ability groups increasing the amount of
time taken on items as the difficulty level increased. However, the increase in response la-
tencies as the difficulty of the items increased was different across the ability groups, multi-
variate F (6, 360) = 9.76, p < .001, partial n* = .14, although the size of this effect is not
large.
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Figure 3:

(Top) Mean correct latency (+ 2SE [box] = SD [whisker]) for Gf items and ability groups, with
item difficulty calibrated for ability. p is the approximate difficulty level of the bins, averaged
across ability groups. (Bottom) Mean correct latency (£ 2SF [box] + SD [whisker]) for Gc items
and ability groups, with item difficulty calibrated for ability. p is the approximate difficulty level
of the bins, averaged across ability groups.
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For Gc items, the differences in latencies across ability groups were also significant, F
(2, 183) = 6.50, p = .002, partial n* = .07, but the effect was quite small; for these items, the
average ability group took the longest time for items at all difficulty levels, and again, the
below average group was the fastest at all difficulty levels. The effect of item difficulty was
also significant for the Gc items, multivariate F (3, 181) = 97.77, p = <.001, partial r]2 =.62,
with the trend of longer latencies as item difficulty increased also evident for each ability
group. The interaction of these effects for the Ge items was not significant. Overall, the only
substantial sized effects, as evidenced by the partial 1)’ statistics, were the effects of Gf abil-
ity on Gf item response latencies and item difficulty on Gf and Gc item response latencies.
Different relationships were thus revealed using the current approach, as compared to the
prior analyses.

Discussion

The overall aim of the current study was to assess the status of a Correct Decision Speed
factor or factors, and the relationship between this type of speed and other factors of ability
in Gf-Gc theory. Our approach to this intention was top-down and four-fold: (a) To test
measurement models of such factors using confirmatory factor-analytic methods; (b) to
assess any relationships between CDS and Gf, Gc, and Gs ability factors; (c) to examine a
possible moderating effect of item difficulty on any relationships found between CDS and
the ability factors; and (d) to assess the extent of any relationship between correct response
latencies and ability level for items of differing difficulty, with item difficulty calibrated for
ability level.

Regarding these aims, the final model for CDS comprises two correlated factors, CDSg;
and CDSg,, with loadings from mean correct response speeds from four Gf and Gc tasks,
respectively. The establishment of factors of CDS using structural equation modeling (SEM)
has not been previously reported. In the final structural model, the relationships indicated for
the CDS factors with their respective accuracy based counterparts is concordant with the
prior literature (e.g., Stankov & Crawford, 1997) that suggests that the magnitude and direc-
tion of the relationship between accuracy and speed is different for Gf and Gc tasks. More-
over, the magnitude of the relationship found between the factors of CDSg. and Gc is con-
siderably higher than the typically small relationship between CDS and ability reported by
Horn and colleagues. However, these results do not adequately assess the relationship be-
tween speed and ability in Gf and Ge tasks, because the moderating effect of item difficulty
is not considered.

Further evaluation of the relationship between ability level and response times, for items
of differing difficulty, led to more complex relationships than those suggested by the model-
ing of latent variables. The results clearly indicate that the nature and extent of the relation-
ship found between level of ability and correct decision speed, is moderated by item diffi-
culty. When item difficulty is not calibrated for ability level, the relationships between Gf
and Gc and their respective correct decision speeds on differentially difficult items, evidence
a fairly consistent pattern. This pattern is, on the whole, reflected to a lesser extent in the
correlations between the decision speeds with the other factors. The results indicate that
those higher on Gf are faster at answering easy Gf items and become slower than those less
able, at the hardest difficulty level. The relationships between correct response latencies on
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Gce items of varying difficulty and Gc, show a similar pattern to the Gf findings. People
higher on Gc are faster at the easier levels of item difficulty, yet essentially no different from
those less able, as the items become more difficult. Further, processing speed plays a role in
the speed of correct responses at the two easiest levels of item difficulty, for both Gf and Ge
items, with those faster at responding on these items being higher on Gs. Importantly, these
results are similar to the findings of Neubauer (1990), using Ravens and RT.

However, we argue that the above approach is flawed both methodologically and concep-
tually, as individual differences in ability are not taken into account in the operationalisation
of item difficulty. How difficult the items are for individuals, in each of the difficulty bins
used, varies depending on the level of ability of the person, such that items at all difficulty
levels are easier for the higher ability individuals than for the lower ability individuals. This
leads to the methodological problems mentioned in the introduction, which, at this level of
analysis, are likely to result in the correlations for the easier bins being more representative
of the actual relationship that exists than the correlations for the more difficult bins. This is
considered the cause of the differences in correlations that are found amongst the difficulty
bins. Taken together, these issues result in spurious correlations between speed of correct
responses and ability. Indeed, when item difficulty is calibrated for ability level, a considera-
bly different picture emerges of the relationship between speed of correct responses to items
of varying difficulty levels and peoples’ level of ability.

The results of the calibrated analyses show that individuals in each ability group spend
more time answering both Gf and Gc items as the difficulty of the item increases. The results
also point to differences in time taken, for both Gf and Gc items, across the ability groups.
Contradicting the findings when item difficulty is not calibrated for ability, it appears that
people who are above average in Gf spend the greatest amount of time on Gf items at all
levels of difficulty, and people below average in Gf are, in fact, the fastest in responding at
all levels of difficulty. The differences in speed between the ability groups are greatest for
the most difficult level of Gf items. For Ge items, with ability indexed by Gc, once again the
relationship suggested when item difficulty is calibrated for ability, differs from when it is
not calibrated. In the calibrated analysis, the lowest ability group is the fastest and the aver-
age ability group is the slowest, at all levels of difficulty. It is important to note, however,
that the proportion of variance in the latencies that is accounted for by ability group is con-
siderable for the Gf items (45%) and only small for the Gc items (7%). Thus, too much em-
phasis should not be placed on the differences in latencies amongst the ability groups, on Ge
items. The proportion of variance accounted for by item difficulty is more similar for Gf and
Gc items, yet still considerably greater for Gf items (82% vs. 62%).

It thus seems that the relationship between level of ability and speed of correct responses,
on intelligence items, does differ between Gf and Gc tasks; however, within both Gf and Ge,
the rank order of the speed of ability groups remains the same across items of different diffi-
culty levels. The results are in line with Sternberg’s (1984) findings that more able people
sometimes take more time than less able on certain tasks and task components; namely, here,
on Gf items.” However, whether the results support Sternberg’s notion that resource alloca-
tion, or knowing when to work at what speed, is an important facet of intelligent behaviour,

7 While the studies supporting this assertion, cited herein, did not consider item difficulty effects, the ration-
ale is lacking that would suggest that the positive relationship between latency and intelligence would be
reversed in direction if item difficulty, relative to ability level, were considered.
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is another matter. It is important to emphasise that in the calibrated analyses, within all levels
of item difficulty, the latencies for the higher ability group(s) are derived from different
items than the items from which the lower ability group(s)’ latencies are derived: The diffi-
culty, uncalibrated for ability, of the items used for the higher ability group(s) is harder than
the difficulty of the items used for the group(s) lower in ability. A main element related to
the difficulty level of a reasoning item is the number of cognitive operations required for a
correct solution, with harder items requiring more operations (see, e.g., Spilsbury, Stankov,
& Roberts, 1990). Consequently, the most simplistic explanation for the finding is that the
higher ability group(s) take(s) longer on items at each level of difficulty than the time taken
by the group(s) lower in ability, because the items for the higher ability group(s) require
more steps to solution, as opposed to the higher ability group(s) working slower per se. This
explanation is also consistent with the finding of a different pattern of group differences in
latencies for the Gc items, the difficulty of which is not typically related to the number of
cognitive operations required to attain a correct solution.

Overall, the conclusion we draw based on consideration of all the analyses is that there is
a consistent, yet differential, relationship for Gf and Gc between correct decision speed and
the respective ability counterparts, when relative item difficulty is taken into account. More-
over, it is at only this level of analysis that the relationship between ability and correct re-
sponse speed can be adequately assessed. The correlations that are indicated between the
CDS factors and ability factors, in the SEM, result from the spurious correlations that arise
between response speed and ability, when item difficulty is not calibrated for ability level. It
is thus held that in the correlations that are found between the factors of CDSgs and Gf, and
CDSg. with Gc and Gs, in the final model, represent an artifactual relationship due to the
confounding of ability, speed, and item difficulty, as outlined.

The status of CDS as an ability is problematic for a number of reasons. First, and perhaps
foremost, is that the scores appear to confound speed and ability. Second, the averaged speed
scores that are used do not comprise the same number of latencies for each person, nor do
the averaged speed scores necessarily reflect responses to the same items for each person,
even if they are comprised of the same number of latencies. Thus, peoples’ mean response
latencies do not represent the same information, and to equate them is therefore of very
questionable validity (cf. Lohman, 1989). Third and finally, when attempting to assess the
construct, even if the measurement intention is made clear to participants®, that is, presuma-
bly to record the maximal speed at which participants can correctly process information,
there still exist individual differences in the extent to which people trade speed for accuracy,
or vice versa, even if a test is untimed (Lohman, 1989). This effect is not even eradicated by
giving bonuses for rapid and accurate performance (Bethell-Fox, Lohman, & Snow, 1984).
Thus, it is more than likely that other non-ability variables affect the speed at which people
work through intellectual tasks, such as persistence, carefulness, thoroughness, motivation,
and test-taking strategy. To what extent these variables influence decision speed is unknown,
however, the possibility is widely acknowledged (e.g., Jensen, 1982; Phillips & Rabbitt,
1995; Salthouse, 2000; Stankov, Boyle, & Cattell, 1995).

¥ Arguably, more often than not it seems speed measures from intelligence tasks are collected merely as
incidental information, and sometimes participants are not even instructed to work quickly, nor informed
that their speed of response is being recorded.



222 V. Danthiir, O. Wilhelm, A. Schacht

It therefore seems that CDS probably reflects a complex interplay of all the different fac-
tors we have mentioned, rather than reflecting simply some presumably physiologically-
bound speed at which a person can reason, or think through, to a correct solution. However,
despite the fact that it is unclear what correct decision speed in intellectual tasks represents,
CDS has entered into the tables of cognitive factors and abilities, and descriptions of intelli-
gences, that are based on Gf-Gce theory (see, e.g., Flanagan & McGrew, 1998; Horn, 1998;
Horn & Hofer, 1992; Horn et al., 1981; Vanderwood et al., 2002; Woodcock, 1998).

Although we consider CDS’ status should not be consolidated as an ability or abilities,
this does not imply that we believe speed scores from intelligence tasks are not interesting or
useful to examine further. One interpretation put forward to explain the considerably large
differences in latencies amongst the ability groups on Gf items, is linked to the number of
cognitive operations required to reach a correct solution. However, the result is open to a
number of other explanations. One of these is that the findings reflect the suggestion that
people of differing levels of ability use different strategies when answering intelligence test
items. For instance, that the below average ability group was fastest at all levels of task diffi-
culty, for both Gf and Gc items, is concordant with the finding that even on untimed tasks
less able individuals follow a self-imposed deadline on complex items (Kyllonen, Lohman,
& Snow, 1984). On the other hand, that the above average ability group took the longest on
all Gf items could reflect a greater level of persistence and preference for accuracy over
speed, perhaps due to a greater confidence in their ability to solve most items. Both these
possibilities are in line with the idea that those differing in intelligence allocate their re-
sources differently.

One avenue which may shed some light on the possible factors influencing decision
speed on intelligence tasks is to place the same time limit on each item, for items of equiva-
lent difficulty, for more and less able people. If this decreases the level of correctness of the
more able people, then this would support the interpretation that the more able people took
more time on Gf items due to the greater number of steps required to solve the item. Another
possible avenue is to investigate the role of metacognitive factors in how much time people
spend on items. For instance, several studies report the existence of a confidence factor,
which appears to mediate individuals’ accuracy of self-assessment on cognitive tasks (e.g.,
Kleitman & Stankov, 2001; Pallier et al., 2002). Recent evidence suggests that, independent
of accuracy, those who are more confident of their success on intelligence test items are also
faster in responding (Preckel & Freund, this volume). It seems plausible that metacognitive
factors may also moderate how individuals adjust the time they spend on items as the relative
difficulty increases or decreases. It would also be of interest to see if instructions emphasis-
ing either, for example, typical or maximal speed of response, changed the rank order of
people in terms of CDS and corresponding ability factors.
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Appendix B:
Number of items of tasks in difficulty bins, and the mean difficulty of bins for ability groups

Difficulty bins
1 2 3 4 5 6 7
Fluid intelligence
Task No. items
APM 0 2 1 2 3 4 3
CFT 4 1 2 2 0 2 2
Number Series 1 3 2 2 4 0 0
Arrow Series 2 1 2 1 1 2 3
Ability group® Difficulty”
1 91 75 57 A48 .29 28 .16
.97 .88 77 71 .57 46 22
3 .98 .96 .90 .80 .80 .60 37
Crystallized intelligence
Task No. items
Vocabulary 3 3 4 4 2 1 3
General Knowledge 1 5 2 1 6 6 4 4
General Knowledge 2 3 5 6 3 5 3 3
General Knowledge 3 3 5 4 2 2 7 5
Ability group® Difficulty”
1 .86 .68 .56 45 35 25 12
2 .93 .80 .69 .60 51 35 20
3 .97 .89 .83 72 .65 .50 36

Note: “1 = below average, 2 = average, 3 = above average. bExpressed as the mean proportion of
correct responses for items in the bin.





