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Individual differences have been mostly ignored in cognitive/experimental psychology since the birth of the field,
while the measurement of cognitive abilities has become a successful field of applied psychology. Because of its
separation from mainstream research psychology, cognitive ability testing has focused on application, often without
providing sound theoretical basis for the tests. More recently, the gap between cognitive/experimental psychology
and differential/psychometric research has been closing. This stems from a rediscovery of variation in cognitive
abilities in experimental psychology, owing largely to the concept of working memory. We present process overlap
theory, a new theory of intelligence that is informed by cognitive psychology. The theory explains the positive
correlations between diverse tests on the basis of overlapping cognitive processes and reinterprets the general factor
of intelligence, g, as a formative construct. The consequences of this approach are discussed, including a focus on
specific abilities rather than on global scores in cognitive test results.

General Audience Summary
There are many examples of human cognitive performance, from reading difficult texts to performing math-
ematical operations to solving complex problems. Success in these various activities is correlated: those who
are better in one area are usually better in the rest, too. This is the most important finding in the field of human
intelligence and it has led to the idea that, despite superficial dissimilarity, these cognitive activities all depend
on the same general cognitive ability. However, in cognitive psychology and neuroscience there is ample evi-
dence against this idea and for the fractionation of cognition into distinct faculties. But due to historical reasons
the study of cognition mostly ignored individual differences, while the study of human intelligence was mostly
uninformed by the general study of cognition and neuroscience. The question of general intelligence versus
specific abilities is one of the oldest debates in psychology. In this paper we present process overlap theory
(POT), which explains the correlations among performance measures from different tests without proposing a
general cognitive ability. Instead, POT focuses on limitations of cognitive capacity, determined by processes
involved in sustained attention, mental flexibility, planning, and the like. Limited processing capacity will affect
performance in a number of areas, regardless of specific abilities. According to POT, general intelligence is a
summary of different but correlated abilities rather than the reflection of a single, unitary ability. This approach
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has consequences for applied cognitive testing. For if the theory of general intelligence is correct then the
optimal level of evaluating performance on cognitive ability tests is a global score. In contrast, if POT is correct
then the focus should be on specific abilities that can provide a cognitive profile of strengths and weaknesses.

Keywords: Intelligence, IQ, Working memory, Executive function, Cognitive ability

While most cognitive psychologists and neuroscientists today
would probably say that there is no such thing as general intel-
ligence, psychometricians have become remarkably good at
measuring it. We hope that by the end of this paper we will have
convinced you that the previous sentence is not sarcastic. How is
it possible, then, to be remarkably good at measuring something
that does not exist? Before we are able to provide a (hopefully)
reassuring answer, we need to present a story of two scientific
disciplines, experimental/cognitive psychology and intelligence
research/psychometrics, that diverged for most of the 20" cen-
tury and only started to converge quite recently. This will be
followed by a summary of our own unified approach—process
overlap theory—that attempts to explain major findings about
human intelligence on the basis of cognitive and neural pro-
cesses. Finally, the implications of this approach are discussed
for both research and application.

A Long History of Divergence and a Short History of
Convergence

1Q tests have a bad reputation outside the field of human intel-
ligence. This is quite remarkable for an instrument designed to
help children. When Alfred Binet constructed the first test of
intelligence his goal was to design an objective tool to decide
which children would benefit from educational interventions.
Subsequently, the history of IQ tests has become over-politicized
as a result of the societal implications of the nature—nurture
debate and the very existence of cognitive inequalities. Their
reputation was further damaged with the involvement of IQ test-
ing in practices such as the forced sterilization of the so-called
“feeble-minded” or educational segregation—even though most
of the claims about the historical role of early IQ testing in such
practices are greatly exaggerated (Mackintosh, 2011). Neverthe-
less, the reputation of intelligence and IQ is bad among many
intellectuals.

Just mention IQ in polite company, and you’ll be informed
(sometimes rather sternly) that IQ tests don’t measure any-
thing real, and reflect only how good you are at doing
1Q tests; that they ignore important things like ‘multiple
intelligences’ and ‘emotional intelligence;’ and that those
who are interested in intelligence testing must be elitists,
or perhaps something more sinister. (Ritchie, 2015, p. 8)

Achievement testing is somewhat less controversial than ability
testing, even though the correlation between IQ and educational
measures such as the SAT in the US (Frey & Detterman, 2004)
or GCSE in the UK (Deary, Strand, Smith, & Fernandes, 2007)
is so high that, purely on the basis of correlations, these well

known educational tests could qualify as tests of intelligence
themselves.

Paradoxically, IQ tests are also one of psychology’s most
visible success stories. Cognitive ability is regularly assessed
in clinical settings, as well as in industrial/organizational (I/O)
psychology and school settings. Testing methods have become
sophisticated, and there has been substantial development in test-
ing technology, too. Yet, since psychometrics has evolved inde-
pendently of mainstream cognitive/experimental psychology for
most of the last century, test construction has not been based on
psychological theory—or had not been up to relatively recently.

As a result, ever since Alfred Binet created the first version
of the modern IQ test measuring individual differences as
accurately as possible was more important than explaining
them (Mackintosh, 2011). This does not mean that intelligence
researchers have since been working completely detached
from cognitive or mainstream psychology. On the contrary,
there have been several attempts to merge intelligence research
with cognitive psychology (Hunt, Lunneborg, & Lewis, 1975;
Spearman, 1923; Sternberg, 1980). Yet, by and large, the fields
of intelligence and cognitive psychology remained largely
separated, with the former taking a correlational approach to
measuring individual differences and the latter an experimen-
tal approach to explaining universal cognitive phenomena.
Cronbach, in his 1957 presidential address to the American
Psychological Association, discussed what he called the two
disciplines of psychology, representing these two approaches,
and concluded that “psychology continues to this day to be
limited by the dedication of its investigators to one or the other
method of inquiry rather than to scientific psychology as a
whole” (Cronbach, 1957, p. 671).

Despite the achievements of numerous intelligence
researchers who incorporated the findings of cognitive psychol-
ogy to their own research, the two communities of researchers
are still mostly distinct. Intelligence research is still mostly
correlational/differential, with intelligence researchers often
being involved in other differential areas, such as personality,
rather than cognitive psychology. This is also apparent in little
overlap in journals and conferences.

This is aremarkable situation because, strictly speaking, most
of the field of intelligence, at least those areas that deal with
the structure and causes of individual differences in abilities,
could have been labelled “individual differences in cognition”
rather than intelligence all along. As well, variation in cognition
could have been a standard subsection of major cognitive-
psychology conferences, just like autobiographical memory or
decision-making. That this is not the case is due at least as
much to attitudes as to scientific differences. In most of cogni-
tive/experimental psychology variation is traditionally treated as
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noise. As Cronbach pointed out, “the correlational psychologist
is in love with just those variables the experimenter left home to
forget” while “individual variation is a source of embarrassment
to the experimenter” (Cronbach, 1957, p. 674).

As arbitrary as it seems, this attitude difference seems to be
fundamental. Take, for instance, one of cognitive psychology’s
most well cited discoveries, Miller’s “magical number 7,” as the
limit of short-term memory capacity:

There is a clear and definite limit to the accuracy with
which we can identify absolutely the magnitude of a uni-
dimensional stimulus variable. I would propose to call this
limit the span of absolute judgment, and I maintain that for
unidimensional judgments this span is usually somewhere
in the neighborhood of seven. (Miller, 1956, p. 90)

The focus on the universality of this finding is a matter of choice.
As later research revealed, individual differences in such judg-
ments are important for a number of real-life outcomes (Engle,
2002). Importantly, the magical number seven was in fact seven
plus or minus two; individual differences were acknowledged,
but without attributing much significance to that variation.

Now for the sake of the argument imagine a test battery of
several memory-span tasks. The average raw score on this bat-
tery of tests would have a meaningful standard deviation, and it
is only a matter of rescaling to transform this raw score to an Q-
type scale with a mean of 100 and standard deviation of 15. If the
battery actually consisted of 14 tasks then even the magnitude of
the raw score distribution might remotely resemble an IQ-scale
(i.e., 14 x 7=98). It might sound absurd, but it is also certainly
possible to interpret the results of intelligence assessment in a
way similar to the magical number, that is, with an exclusive
focus on the mean while dispersion is worded as a side note.
Yet obviously no one would ever claim that the magical number
of human intelligence is 100 (plus or minus 30), even though
approximately 96% of people indeed do have an IQ of 100 plus
or minus 30, just like they have a short-term memory span of
7 plus or minus 2. One could, of course, point out that IQ is
a scaled score, while short term memory span is not. Which is
indeed the case, but from that it also follows that IQ could be
scaled to a mean of 7 instead of 100 and with a standard devi-
ation of 1 instead of 15. It appears as if approaching variation
as meaningful or as noise around a mean was indeed a mostly
subjective matter.

Of course, the magnitude of variation is not the only issue
to consider. There appears to be a general opinion in cogni-
tive psychology, especially in areas informed by evolutionary
biology or evolutionary psychology, than human universals are
much more important phenomena than individual differences,
both functionally and in terms of complexity (Brown, 1991;
Tooby & Cosmides, 1992). Indeed, it appears that being able to
create a mental representation of the world that includes colors
is a more complex and fascinating phenomenon than individual
differences in color discrimination. Similarly, the phenomenon
that almost all humans are able to use language, to have a men-
tal lexicon or read written texts, seems to be functionally much
more important than the variation in reading comprehension or
vocabulary. And given that someone with an 1Q of 130 and

someone with an 1Q of 100 are both capable of perceiving col-
ors and learning to read, the importance of abilities measured by
intelligence tests seem to be rather restricted.

Yet since intelligence tests are widely used to make deci-
sions about educability in schools, in cognitive treatment of
the elderly, or even about the death penalty (Polloway, 2013)
it is beneficial for psychology to have tools to measure indi-
vidual differences that are informed by research on cognition.
Fortunately, a long history of divergence was recently followed
by a short history of convergence, mostly due to research on
working memory. In the last 10—15 years the number of papers
that discuss both working memory and intelligence has grown
exponentially (Conway & Kovacs, 2013). But even that growth
has antecedents in developmental psychology. In particular, in
the 1970s developmental psychologists began to incorporate
ideas from information processing models of cognition (Case,
Kurland, & Goldberg, 1982; Pascal-Leone, 1970). This work
had great impact on the field of working memory and set the
stage for unified research on intelligence and working memory.

Working memory is a construct developed by cognitive psy-
chologists to refer to the intra-individual processes that enable
one to hold goal-relevant information in mind, often in the face of
concurrent processing or distraction (Baddeley, 1992; Baddeley
& Hitch, 1974). Working memory has become enormously influ-
ential in cognitive psychology, and so-called complex span tasks
were developed on the basis of its theoretical assumptions. Com-
plex span tasks require the parallel storage and processing of
information, in contrast to earlier measures of short term storage,
like forward digit span, that focus exclusively on storage.

One of the first complex span tasks was reading span, in
which subjects have to read sentences and remember the last
word of each sentence (Daneman & Carpenter, 1980). Variation
in performance on this particular measure of working memory
capacity predicts performance on reading comprehension tests.
Atthe same time, developmental psychologists were using a task
called counting span, in which children are instructed to count
objects in a display and remember the sums for later recall (Case
et al., 1982).

Over the years, many versions of complex span tasks have
been developed (for a review of working memory span tasks,
see Conway et al., 2005). Importantly, the construction of com-
plex span tasks is embedded in mainstream research in cognitive
psychology on intra-individual processes, yet such tasks not
only demonstrated substantial variation, but proved to be able
to predict the same outcomes that tests of intelligence pre-
dict. As a result, the most well-known batteries of intelligence
started to incorporate tasks originally designed for working
memory research in cognitive psychology and neuropsychol-
ogy, such as the letter-number sequencing task (Gold, Carpenter,
Randolph, Goldberg, & Weinberger, 1997) in the Wechsler
Intelligence Scales or the nonword-repetition task (Gathercole,
Willis, Baddeley, & Emslie, 1994) in the most recent version of
the Woodcock-Johnson tests.

However, the convergence of differential and experimental
cognitive psychology is not without challenges. In particular,
there are practical and theoretical issues to face. The main prac-
tical issue stems from the fact that tasks in cognitive psychology
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are designed for within-subject studies and as such do not neces-
sarily meet psychometric criteria of reliability that are required to
study individual differences. Working memory tasks in general
and complex span tasks in particular do demonstrate appropriate
reliability (Engle & Kane, 2004). However, other important tasks
in cognitive psychology are more problematic. For example,
Stroop, Eriksen flanker, Posner cuing, stop-signal, and go/no-
go tasks all exhibit poor test-retest reliability (Hedge, Powell, &
Sumner, 2018). Neuropsychological tests are also problematic.
For the Wisconsin Card Sorting test alternate-form reliabilities
have been found between .25 and .63 with an average of .43
(Bowden et al., 1998). For the Tower of London an appropriate
test-retest reliability (0.89) was found in one study (Korkman,
Kirk, & Kemp, 1998), but other studies with the Tower of Hanoi
found alarming results: a test-retest reliability of .72 with a
test-retest interval of only 25 min (Gnys & Willis, 1991) and
a test-retest reliability of .53 for an interval of 30 to 40 days
(Bishop, Aamodt-Leeper, Creswell, McGurk, & Skuse, 2001).

Inadequate reliability indicates that the use of experimental
tasks in individual differences research is problematic. It also
highlights that a latent variable approach that gets rid of mea-
surement error is recommended, whereas correlations between
manifest variables are prone to type Il error. From the perspective
of the two disciplines the conclusion is that from a measure-
ment perspective psychometric instruments greatly outperform
most of the tools used in experimental/cognitive psychology.
Although the cognitivist is often theoretically more advanced,
the differentialist has better instruments to study variation.

The main theoretical problem stems from the conceptual
distinction between within-individual and between-individual
constructs. Psychologists studying human cognition in general
usually aim to identify the processes or mechanisms required to
perform a given cognitive activity. Neuropsychologists study-
ing patient populations in which one or more of these processes
is impaired aim at identifying how such impairment affects
the same cognitive activity. The problem is that in healthy
populations these processes might not contribute to individ-
ual differences in performance. This point is made clear by
Borsboom, Mellenbergh, and van Heerden (2003), in the fol-
lowing fictional account of Einstein completing a single item on
an IQ test:

Einstein enters the testing situation, sits down, and takes
a look at the test. He then perceives the item. This means
that the bottom-up and top-down processes in his visual
system generate a conscious perception of the task to be
fulfilled; it happens to be a number series problem. Ein-
stein has to complete the series /, I, 2, 3, 5, 8, ... ?
Now he starts working on the problem; this takes place
in working memory, but he also draws information from
long-term memory (e.g., he probably applies the concept
of addition, although he may also be trying to remember
the name of a famous Italian mathematician of whom this
series reminds him). Einstein goes through some hypothe-
ses concerning the rules that may account for the pattern
in the number series. Suddenly he has the insight that each
number is the sum of the previous two (and simultaneously

remembers that it was Fibonacci). Now he applies that rule
and concludes that the next number must be 13. Einstein
then goes through various motoric processes that result in
the appearance of the number /3 on the piece of paper,
which is coded as I by the person hired to do the typing.
Einstein now has a 1 in his response pattern, indicating
that he gave a correct response to the item. This account
has used various psychological concepts, such as working
memory, long- term memory, perception, consciousness,
and insight. But where in this account of the processes
leading to Einstein’s item response did intelligence enter?
The answer is nowhere. Intelligence is a concept that is
intended to account for individual differences. (Borsboom
etal., 2003, p. 213)

From the above quote it follows that from a differentialist
perspective such universal processes are noise, strictly speak-
ing, just like variation is noise for Cronbach’s experimenter.
Differential psychology’s emphasis on variation in processes,
coupled with a lack of importance of processes that do not
contribute to variation in the outcome have resulted in argu-
ments against the unification of the two disciplines (Borsboom,
Kievit, Cervone, & Hood, 2009; Jensen, 2000). Borsboom et al.
(2009) and Jensen present a similar thought experiment in which
extraterrestrial creatures study cars and, because of the reasons
discussed above, eventually develop separate lines of research
for (a) how individual cars work, and (b) what makes them differ
in performance.

We disagree. If aliens were indeed like psychologists and
ended up having a Differential Car Science and an Experi-
mental Car Science, then the former would suffer from this
distinction—just like, arguably, the study of individual dif-
ferences in intelligence suffers from being detached from
mainstream psychology. For the differential car scientist would
quickly find differences in measures of performance and would
also find that these differences correlate. For instance, they
would find that sports cars, which have better acceleration, also
have larger engines, but also have more and louder speakers and
often more vivid colors. Vividness of color, better speaker per-
formance and larger engines would thus load on the same factor,
which we could call “the s factor” for general sportiness.

So far, so good. But which of these things has a causal role
in better acceleration? This is the point where being informed
by the research of experimentalist aliens who study what causes
cars to accelerate is enormously helpful. The subpopulation of
alien scientists who specialize in the study of damaged cars is
also useful, for they could easily inform the differentialist that
brown cars without speakers still accelerate fine, but cars without
engines do not. The point is that without an understanding of how
cars work the study of how cars differ will be inherently limited,
and will have no choice but to focus on prediction rather than
explanation. But by a unification of the two lines of research the
differentialist could study which of the components discovered
by experimentalists show variation, and which of these variable
mechanisms have a causal role in differences in performance.

Having said that, there is a final point that needs to be
emphasized before we narrow our attention to the general
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factor of intelligence. As much as the unification of experi-
mental and differential psychology is warranted in our opinion,
one must be cautious about the commensurability of concepts
in differential and in experimental psychology. For instance,
domain-specificity bears different meanings in differential psy-
chology and cognitive/experimental psychology (Kovacs, in
press). In the former it relates to the finding that individual
differences in tests with characteristic content (e.g., spatial or
verbal) typically correlate more strongly with one another than
with tests that have different content. In the latter it means that
the mind can be fractionated into processors of specific content
through double dissociation.

Factors representing different variables that covary also
do not represent unitary constructs from a cognitive
perspective—like speakers and engine size in the car exam-
ple. Therefore, it is a fallacy to directly identify inter-individual
structures, usually identified by factor analysis, as intra-
individual constructs. In the field of intelligence, this manifests
itself as the interpretation of the general factor of intelligence,
an inter-individual construct, as general intelligence or general
cognitive ability, an intra-individual construct—the topic of the
next section. It might be the case that there is a direct agreement
between within-individual and between-individual constructs.
Such cases are referred to as ergodicity, but they are exceptions
rather that the rule (Molenaar & Campbell, 2009).

The General Factor of Intelligence and/or General Intelli-
gence

When a battery of diverse cognitive tests is administered to
a large sample of people, a stable empirical pattern is observed,
known as the positive manifold. The positive manifold refers
to the pattern of all positive correlations that is observed among
different tests of cognitive ability. In other words, if an individual
performs above average on one kind of test (for example, vocab-
ulary) they tend to perform above average on other kinds of tests
as well (for example, mental rotation). Overall, 40-50% of the
between-individual variation in IQ test scores is domain-general
(Deary, Penke, & Johnson, 2010; Jensen, 1998), therefore fac-
tor analysis yields a strong general factor, g, that accounts for
40-50% of the variance.

Spearman, who discovered the positive manifold (Spearman,
1904), argued that different tests correlate because they mea-
sure the same general construct, and anything a test measures
beyond this general construct is entirely test-specific, thus ruling
out the existence of domain-specific abilities: “all branches of
intellectual activity have in common one fundamental function
(or group of functions), whereas the remaining or specific ele-
ments of the activity seem in every case to be wholly different
from that in all the others” (Spearman, 1904, p. 284). Several
researchers debated this claim and argued that intelligence is
instead multi-dimensional (Horn & Cattell, 1967; Thurstone,
1938).

A large number of factor analytic studies conducted since
have falsified Spearman’s early claim that all variance beyond
g is test-specific. Among the pattern of all-positive correlations
there are clusters of correlations that are stronger than others, and

these clusters of strong correlations are thought to reflect what
are known as group factors, representing more specific cognitive
abilities. For example, a vocabulary test, a reading comprehen-
sion test, and a test of general knowledge might reveal relatively
strong positive correlations within the positive manifold. This
cluster, then, is thought to reflect a group factor that we might
refer to as verbal or crystallized ability. Yet group factors, or
specific abilities so defined, are correlated, since a large part of
the entire variance is across-domains. Therefore, higher-order
models that accommodate both g and specific abilities are empir-
ically sound, while g-only models and models with orthogonal
specific abilities are not.

It is beyond the scope of this paper to evaluate or even review
the literature on factor analytic studies describing the structure
of human cognitive abilities. Instead, there are three summary
points that we would like to make. The first is that factor anal-
ysis cannot directly reveal the “architecture of cognition” from
a cognitive psychological perspective for both methodological
and conceptual reasons. From a methodological perspective the
problem is that performing factor analysis requires a number
of decisions from the researcher and these decisions greatly
influence the outcome:

[E]very time anyone constructs a hierarchical model in a
new battery, it comes out looking different from any one
that the same person constructed in any other battery, not
to mention different from the model some other researcher
would construct in that same battery in that same sample.
This is because the underlying factor-analytically based
methods are inherently subjective and because the relative
associations among specific cognitive tasks vary both with
sample specifics and with the specific other cognitive tasks
in any battery. (Johnson, 2018, p. 2)

Or, even more drastically, “inferences from the results of fac-
tor analysis and structural modeling should be primarily about
the structure of test batteries rather than the structure of human
mental abilities” (McFarland, 2017, p. 1168). The conceptual
obstacle is that the constructs of factor analysis are entirely dif-
ferential, that is, they describe individual differences and, as we
have seen in the previous section, such constructs do not directly
map onto intra-individual processes and mechanisms that could
account for the functional architecture of cognition.

The second point, seemingly somewhat in contradiction with
the above paragraph, is that evidence is converging towards the
so-called CHC (Cattell-Horn-Carroll) model of cognitive abili-
ties (see Figure 1). This model (McGrew, 2009) evolved from the
theory of fluid/crystallized intelligence, where fluid intelligence
is the ability to solve novel problems when someone cannot rely
on already acquired skills or knowledge, while crystallized intel-
ligence refers to the ability to use skills and knowledge (Cattell,
1971; Horn, 1994). The current CHC model has seven major fac-
tors now, as depicted in Figure 1. CHC thus accommodates both
g and more specific cognitive abilities. The CHC model appears
to be an adequate statistical model for describing covariance in
existing cognitive test batteries.

The third point is that even though specific abilities of
the CHC model seem to replicate in numerous data sets, the
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Figure 1. The factor structure of the Cattell-Horn—Carroll theory of intelligence. Note: Gsm = short-term memory; Gs = processing speed; Glr = long-term retrieval;
Gv = visual-spatial thinking; Gf = fluid reasoning; Ga = auditory processing; Gc = crystallized intelligence; g = general intelligence.

Source: Adapted from Taub and McGrew (2014).

factor loadings—or correlations between specific abilities—are
a function of ability itself. This phenomenon, called ability
differentiation, refers to the finding that cross-domain correla-
tions are higher in samples with lower average ability and so g
explains more variance in such samples (Molenaar, K6, R6zsa,
& Mészaros, 2017).

Finally, from the perspective of the present paper, a crucial
distinction needs to be made between a g-model and g-theory.
A g-model is a latent variable model that can take many forms,
but the common aspect is that there is a general factor explain-
ing cross-domain variance. Note that the term “explaining” here
is statistical; it means that correlations between variables, or
in higher-order models like CHC, correlations between specific

abilities, can be statistically accounted for by the variables’ or
abilities’ correlation with g. Also note that the general factor
is a necessary mathematical consequence of the positive mani-
fold (Krijnen, 2004): It is always possible, though not necessary,
to extract a general factor from a correlation matrix with only
positive entries. That is, in a technical sense, g is a more sophisti-
cated way of restating the positive manifold. Hence, “itis always
important to remember that it is the positive manifold, not g as
such, that needs explanation” (Mackintosh, 2011, p. 165).

In contrast, g-theory explains the positive manifold by inter-
preting the psychometric construct g—as in a g-model—as
a psychological construct that is common to all tests; either
an intra-individual construct, general intelligence or general
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cognitive ability, or a common parameter of information
processing, like mental speed, that affects all cognitive activity.
A g-theory, or the proposal of a unitary domain-general cogni-
tive mechanism, is a sufficient but not necessary explanation of
a g-model and, ultimately, the positive manifold. To illustrate
this, consider the following two statements:

1. If John performs better on the vocabulary test than most peo-
ple, it is likely that he will perform better on the mental
rotation test as well. (the empirical basis of a g-model)

2. John used his general intelligence to correctly answer items
on both the vocabulary test and the mental rotation test. (g-
theory)

The second statement does not sit well with a number of find-
ings from cognitive psychology and neuroscience (e.g., double
dissociations, localization data, and patterns of sex differences)
that point to the domain-specific fractionation of cognition and
contradict the existence of a general cognitive ability. Impor-
tantly, as defined above, the g-model and the g-theory are
logically differentiable since a g-model can fit well with the
data even if the g-theory is false, and the positive manifold is
the result of a causal mechanism other than a psychological
equivalent of g, something that permeates all cognitive activity.
Moreover, it is not only a logical possibility; in the next section
we will present a mathematical model that shows that a g-model
can fit simulated data even if g-theory is demonstrably false,
namely, when data are generated without the effect of a single
general causal mechanism.

Process Overlap Theory

Process overlap theory (POT) is a new approach to the
study of intelligence that attempts to integrate psychometrics
and cognitive psychology (Kovacs & Conway, 2016b; Kovacs
& Conway, 2019). According to POT, intelligence is an inter-
individual differences construct that can be explained in terms
of intra-individual psychological processes. A consensus defi-
nition of intelligence remains elusive so, instead of a definition,
POT adopts a view of intelligence that is consistent with the fol-
lowing statement, issued by a task force created by the Board of
Scientific Affairs of the American Psychological Association:

Individuals differ from one another in their ability to
understand complex ideas, to adapt effectively to the
environment, to learn from experience, to engage in vari-
ous forms of reasoning, to overcome obstacles by taking
thought. Although these individual differences can be sub-
stantial, they are never entirely consistent: a given person’s
intellectual performance will vary on different occasions,
in different domains, as judged by different criteria. Con-
cepts of “intelligence” are attempts to clarify and organize
this complex set of phenomena. (Neisser et al., 1996, p.
77)

According to this view, intelligence is a complex construct;
it allows for understanding, learning, and reasoning, all in mul-
tiple domains. This means that in order to conduct an optimal

assessment of intelligence, the administration of a battery of
diverse cognitive tests is required; a single score on a single
test is rarely sufficient. As mentioned above, when a battery
of diverse cognitive tests is administered to a large sample of
subjects, the positive manifold is observed. Again, the positive
manifold refers to the pattern of all positive correlations that are
observed among different tests of cognitive ability.

The primary aim of POT, therefore, is to explain the positive
manifold. POT provides an account of the positive manifold
that differs from the traditional view in psychology. According
to the traditional view, first proposed by Spearman (1904), the
positive manifold can be explained by a general factor derived
from a factor analysis (or specified in a latent variable model),
and the general factor is interpreted as a general mental ability,
or general intelligence. In other words, the positive manifold
is explained by a g-model, which is interpreted in terms of a
g-theory.

The problem with this approach, which we outlined above,
is that a factor derived from a factor analysis is not equivalent
to a cognitive process. To illustrate the problem, again consider
the two statements presented earlier:

1. If John performs better on the vocabulary test than most peo-
ple, it is likely that he will perform better on the mental
rotation test as well.

2. John used his general intelligence to correctly answer items
on both the vocabulary test and the mental rotation test.

The first statement follows from the positive manifold but
the second statement does not. According to POT, the second
statement is invalid because there is no cognitive process that is
equivalent to “general intelligence.” In other words, there is no
intra-individual psychological process, or ability, or parameter
that is common to all cognitive tests. Furthermore, cognitive
tests are not process pure, meaning that each individual test
requires multiple cognitive processes, or abilities, for accurate
performance.

In a psychometric sense, g is real, and it is predictive of many
important life outcomes, such as academic achievement and job
performance (Gottfredson, 1997). However, according to POT,
in a psychological sense, g is not real. It does not represent a
psychological attribute. This is precisely why our opening state-
ment in the current paper was entirely serious, and not sarcastic.
It is indeed possible for there to be no such thing as general
intelligence, yet it is also possible to accurately measure a thing
called g.

This approach to explaining the positive manifold is not
entirely new. Godfrey Thomson, as a direct challenge to Spear-
man, proposed a sampling approach to the positive manifold
(Thomson, 1916). Thomson argued that there are a large num-
ber of mental “bonds” (which we now interpret as cognitive
processes) and a sample of bonds is required to complete any sin-
gle test of intelligence. Furthermore, different kinds of IQ tests
require different samples of bonds. The correlations between 1Q
tests are caused by an overlap between the bonds tapped by the
tests. For example, suppose there are 10 bonds and Test A sam-
ples bonds 1-5, Test B samples bonds 1-3, 6, and 7, and Test
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C samples bonds 1, 2, and 7-9. The correlation between test A
and B will be stronger than the correlation between test A and
C, yet all the correlations will be positive.

We will not go into further details about Thomson’s theory
because it is the idea of sampling that is important from the
perspective of this discourse. Sampling, as a general approach,
can be contrasted with the factor analytic approach to g; these
approaches provide different explanations of the positive man-
ifold. There are different factorial models but as long as they
incorporate a general factor they all propose a causal mecha-
nism reflected by all tests to some extent and this explains why
the tests are correlated. Sampling, on the other hand, proposes
a large number of resources that are tapped by different tests.
Under this framework tests are correlated because there are com-
mon processes involved in test performance. However, there is
no single, unitary cause of the correlations, and there need not
even be processes that are involved in performance on all tests
in order for the positive manifold to emerge.

POT is a modern sampling model, largely motivated by
research on working memory. Cognitive models of working
memory inform the study of intelligence because scores on
working memory tasks are strongly correlated with scores on
1Q tests (Kane, Hambrick, & Conway, 2005). This means
that working memory tasks and IQ tests measure something
similar—either the same ability or the same set of abilities.
Cognitive models of working memory suggest the latter. This is
because working memory is a multi-component system, consist-
ing of domain-general processes involved in cognitive control
and domain-specific processes involved in maintenance of infor-
mation. Working memory capacity, as measured by cognitive
task performance, is therefore determined by multiple processes.
Indeed, measures of working memory capacity, such as com-
plex span tests, require parallel storage and processing and tap
domain-general cognitive control processes as well as domain-
specific storage processes. Complex span tests are therefore
different than so-called simple span tests, such as digit span,
in which subjects simply have to recall a list of items.

Indeed, in contrast to simple span tests, variance in com-
plex span tests is primarily domain-general (Kane et al., 2004).
Therefore, similar to IQ tests, a general factor of working mem-
ory capacity can be extracted, and this factor correlates strongly
with fluid intelligence: two meta-analyses of latent variable
studies investigating the relationship between working mem-
ory capacity and fluid intelligence estimate that the correlation
is somewhere between r=.72 to r=.81 (Kane et al., 2005;
Oberauer, Schulze, Wilhelm, & Siiss, 2005).

Furthermore, the processes that working memory tasks mea-
sure beyond storage most likely reflect individual differences
in the executive attention (a.k.a. cognitive control) component
of working memory (Engle & Kane, 2004; Engle, Tuholski,
Laughlin, & Conway, 1999; Kane, Bleckley, Conway, & Engle,
2001; Kane & Engle, 2002). According to the executive attention
theory of individual differences in working memory capacity
(Engle & Kane, 2004; Kane et al., 2001), working memory
and fluid intelligence correlate strongly because both constructs
rely to a great extent on executive functions, such as updat-
ing, inhibition, and task-switching. Indeed, several recent latent

variable studies have demonstrated strong correlations between
executive attention and fluid intelligence (Engelhardt et al.,
2016; Shipstead, Lindsey, Marshall, & Engle, 2014; Unsworth,
Fukuda, Awh, & Vogel, 2014).

POT is also influenced by research on goal neglect (Duncan,
Emslie, Williams, Johnson, & Freer, 1996; Duncan et al.,
2008) as well as work on the neural underpinnings of fluid
intelligence (Burgess, Gray, Conway, & Braver, 2011; Kane,
2005; Tschentscher, Mitchell, Duncan, Unit, & Sciences, 2017;
Woolgar et al., 2010). The latter studies point to a fronto-parietal
network that correlates with performance on tests of fluid intel-
ligence but is also involved in diverse cognitive tasks (Duncan,
2010; Duncan & Owen, 2000).

A main premise of POT is that a battery of IQ tests requires a
number of domain-general processes, such as those involved in
working memory and executive attention, as well as a number
of domain-specific processes. Importantly, domain-general pro-
cesses are thought to be required by the majority (but not all) of
test items, whereas domain-specific processes are thought to be
required less frequently, depending on the nature of the test (e.g.,
verbal vs. spatial). Therefore, domain-general processes associ-
ated with working memory and executive attention will constrain
performance on most items on most 1Q tests, whereas domain-
specific processes will impact a narrower range of tests. Such
a pattern of overlapping processes explains the positive mani-
fold and thus the general factor as well as the domain-specific
clusters of correlated tests that result in group factors.

Since POT is a sampling model, it is necessarily similar to
Thomson’s sampling model (Thomson, 1916), but is also dif-
ferent in crucial ways (Kovacs & Conway, 2016a). The most
important and novel aspect of POT, and its main divergence
from Thomson, is that it proposes that the processes involved in
1Q test performance are non-additive. This is because individual
differences in executive processes pose general limits on total
performance, acting as a bottleneck, and masking individual dif-
ferences in more domain-specific processes. That is, insufficient
executive processing is likely to be the cause of failure on various
test items measuring different content regardless of the specific
abilities that are also measured. According to POT, executive
performance cannot be compensated by domain-specific perfor-
mance. In contrast, in Thomson’s original account, performance
on any test is simply the sum of the hypothetical bonds involved.
Therefore, Thomson’s model is fully compensatory and the cor-
relation between two tests is simply a linear function of the
ratio of overlapping processes. The unique aspect of POT is
that it is compensatory within domains but non-compensatory
across domains. This feature of POT is formalized in a multi-
dimensional item-response model, which we discuss in more
detail below.

Besides providing an account of the positive manifold, POT
also explains a number of important phenomena observed in
the study of human intelligence. The first such phenomenon
is ability differentiation, which refers to the finding that cross-
domain correlations are higher in samples with lower average
ability and so g explains more variance in such samples. The
second is that the more complex a task the higher its correlation
with g. Finally, through proposing that the positive manifold is
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caused by the overlapping activation of the executive attention
processes that are involved in both working memory and fluid
reasoning, the theory accounts for the central role of fluid rea-
soning in the structure of human abilities and for the finding that
the fluid reasoning factor (Gf) seems to be statistically identical
or near-identical to g (Gustafsson, 1984).

POT is therefore able to explain why g is both population
and task-dependent (i.e., it explains the most variance in popula-
tions with lower ability and cognitively demanding tasks). POT
focuses on the limitations of executive attention processes in
explaining g and proposes an interaction between the executive
demands of the task and the executive functioning of the indi-
vidual. This is expressed in a formal mathematical model that
specifies the probability of arriving at a correct answer on a given
mental test item as the function of the level of domain-specific as
well as domain-general cognitive processes (Kovacs & Conway,
2016a).

POT-1: A Multidimensional Item Response Model

POT is mathematically formalized as a multidimensional
item-response model, which we refer to as POT-I, and is
expressed here in Eq. (1):
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According to POT-I, the probability of an individual person
(p) answering an individual test item (i) correctly is a function
of their ability level (®) on the processes required by that item
as well as the discrimination and difficulty parameters for that
item, which are both domain-general and domain-specific. More
formally, Opy, is the process score (ability) for the pth individual
on the m™ process in the i domain; aj is the discrimination
parameter for the i item in the /™ domain; b;; is the difficulty
parameter for the i™ item in the /™ domain. D is the number of
domains tapped by an item and C is the number of processes in a
given domain tapped by an item. Finally, POT-1is compensatory
within domains and non-compensatory across domains. This is
achieved in Eq. (1) by taking the sum of process scores within
domains (compensatory) and multiplying the sum process scores
across domains (non-compensatory).

Thus, according to POT-1, overall test performance reflects
multiple domain-general abilities and multiple domain-specific
abilities (expressed in Eq. (1) as process scores). This differs
from the standard view, motivated by factor analysis, that test
performance reflects a single domain-general ability and a sin-
gle domain-specific ability. As stated earlier, a further claim of
POT is that some tests are more dependent on domain-general
processes while other tests are more dependent on domain-
specific processes. This is precisely the reason why POT is able
to account for the hierarchical structure of intelligence; it allows
for distinct specific ability factors that vary with respect to their
relationship to a higher-order general factor.

In a recent simulation study, fictional IQ test scores were
calculated based on POT-1 (Kovacs, Conway, Snijder, & Hao,
2018). In order to demonstrate a higher-order g factor, we
assumed the presence of 3 group factors representing specific

cognitive abilities: verbal ability, visual-spatial ability, and fluid
ability. Test scores were simulated for 3 tests of each group
factor, for a total of 9 tests. Each test consisted of 100 items.
The sample size for each simulation was set at N=400, and
1000 iterations of the simulation conducted. Each item on each
test required both domain-general and domain-specific cognitive
processes, consistent with POT-1. However, in tests of fluid abil-
ity, the probability of a domain-general process being required
was nearly double the probability of a domain-specific process
being required. For tests of verbal and visual-spatial ability, the
opposite was true; the probability of a domain-specific-process
being required was nearly double the probability of a domain-
general process being required.

For each individual subject, a set of 200 cognitive process
scores was generated. These cognitive processes can be regarded
as the potential processes that could be involved in the perfor-
mance of the 9 tasks. We assumed 4 different kinds of cognitive
processes (50 of each kind): Executive function processes, fluid
reasoning processes, verbal processes, and visual-spatial pro-
cesses. While executive function processes could be involved in
all three types of tasks (fluid tasks, verbal tasks, and visuospatial
tasks), the other three types of processes could only be involved
in their corresponding type of tasks. The values for the process
scores were drawn from a multivariate standard normal distri-
bution, which resulted in a 400 x 200 matrix (N x processes) of
orthogonal process scores.

The 1Q-test scores for the 9 tasks were analyzed using struc-
tural equation modeling and the result is presented in Figure 2.
We observed a higher-order g factor, as well as specific group
factors. This model fit the data well. We were therefore able
to demonstrate the presence of a higher-order g factor in the
absence of a general ability parameter. Furthermore, the fluid
ability factor was more strongly correlated with the g factor
than were the other factors, which is consistent with most latent
variable models of intelligence.

The simulation demonstrates that a g factor can emerge even
if the data are generated without the influence of a general
mechanism involved in all cognitive performance. Moreover,
a standard factor model, with a causal g accounting for the cor-
relation between specific abilities, fit the data well; the structural
model appears as if there were a causal mechanism at play, even
though that is not the case. Therefore, the results of this simu-
lation mean that being able to fit a g-model to any given data
set does not prove that the data reflect the causal influence of a
general cognitive ability.

POT-S: A Structural Model

POT can also be expressed as a structural latent variable
model (POT-S; Kovacs & Conway, 2016a). As mentioned above,
POT interprets g as equivalent to the positive manifold, and so
POT-S includes a general factor. However, according to POT, g
as a construct is different from the general factors that typically
appear in factor models of cognitive ability. In most psychomet-
ric models of intelligence, g is specified as a reflective latent
variable. That is, in such models g is a construct that is reflected
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Figure 2. A hierarchical latent variable model of intelligence generated in a simulation study based on POT-I (Kovacs et al., 2018). The values are the mean
standardized factor loadings (and standard deviations) across 1000 iterations of the simulation.

by its indicators, the cognitive ability tests, and is also the com-
mon cause of covariance between specific cognitive abilities.

Unfortunately, being able to fit a reflective latent variable
model does not, in itself, mean that the reflectively modeled
variable corresponds to a real entity. We have seen that it is
possible to fit a reflective model, such as the one in Figure 2, to
data generated without a causal mechanism involved in all tests.
In other words, a reflective model can fit even if, in fact, there is
nothing to reflect.

However, positing a reflective latent variable one implicitly
subscribes to a number of strong theoretical positions, even if
these positions are not explicitly articulated. Most importantly,
depicting a variable as reflective implies a realist ontology with
regard to the variable (Borsboom et al., 2003). In other words,
reflective g is real, in both a psychometric and psychological
sense. Among other things, this means that it would exist even if
no one ever attempted to measure it. Importantly, the variables
that reflect the latent construct are replaceable as long as each
new variable also correlates with the latent construct.

In a reflective latent variable model, all tests x; reflect an
underlying construct 7 (the common cause) plus measurement
error:

2

Here x; is the ith indicator of the latent variable n, A; is the loading
of x; on 1, and &; is the measurement error of the ith indicator.
Thus, in reflective models the tests are the dependent variables.

Yet if there is no general ability reflected by test scores (that
is, if there is no psychological equivalent of the g factor), then
this kind of model is inappropriate from a substantive perspec-
tive (Borsboom et al., 2003). According to POT, g is the common
consequence rather than the common cause of the positive mani-
fold. Hence g cannot be interpreted as a psychological construct
or indeed as a “thing” of any kind, but as the consequence of
a set of overlapping cognitive processes sampled by a battery
of tests. Therefore, POT considers g to be a formative construct
(see Figure 3).

Formative variables drastically differ from reflective ones.
They are the result of measurement, without which they would

Xi=Ain+¢&

not exist. This also means that the indicators of a formative con-
struct have great importance since, unlike in a reflective model,
they are not freely replaceable without altering the nature of the
construct. A formative model can be formalized as follows:

n
n= Z)/ixi +¢

i=1
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Here y; represents the effect of indicator x; on the latent vari-
able 1, and ¢ represents all remaining causes of the construct
that are not represented by the indicators. Technically, this is a
multiple regression equation where the formative construct is
the dependent variable.

Thus, according to POT-S, the direction of causality is the
opposite as in traditional models of g: g does not cause individual
differences in cognitive performance; rather, it is the outcome
of individual differences in cognitive performance. A similar
approach to intelligence is the mutualism model (van der Maas
et al., 2006), based on which it has been proposed that “intelli-
gence is what the intelligence test measures. Seriously” (van der
Maas, Kan, & Borsboom, 2014). This is because a formative g
can be thought of as a kind of global index of mental functioning.

The difference between formative and reflective models is
easiest to comprehend through examples. An example where a
reflective latent model is perfectly appropriate is the measure-
ment of body temperature (Cramer et al., 2012). Specifically,
body temperature can be measured by a number of differ-
ent methods (e.g., mercury-based, phase-change, liquid crystal,
electronic), in a number of different places (e.g., under the
tongue, in the rectum, in the ear, in the armpit). Different meth-
ods can yield substantially different results, as anyone who has
ever measured the temperature of a child with more than one
method knows all too well. But there is no doubt that differences
between these results are due to the inaccuracy of instruments,
and there clearly is a real temperature reflected by the measure-
ments. Living children would have a body temperature even if
no one ever measured it. Naturally, the instruments are replace-
able, too; any thermometer can be replaced by another since all
of them reflect the same construct.
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Figure 3. The factor structure of the Cattell-Horn—Carroll theory of intelligence, but with a formative g factor, to be consistent with POT. Note: Gsm = short-term
memory; Gs = processing speed; Glr =long-term retrieval; Gv = visual-spatial thinking; Gf = fluid reasoning; Ga = auditory processing; Gc = crystallized intelligence;
g = general intelligence. Single-headed arrows depict causality. Double-headed arrows depict correlation.

Source: Adapted from Taub and McGrew (2014).

Though technically not the result of a formative measurement
model, Global Competitiveness Index (GCI) is a good illustra-
tion of a construct that only allows for a formative interpretation.
GClI is a weighed sum score computed from different variables
summarized in Table 1. GCI does not cause economies to be
more competitive than others and it would not exist without the
actual economic measures from which it is constructed. Accord-
ing to g-theory, g is like temperature and intelligence tests are
like thermometers. In this approach g has a realist ontology, it
would exist without measurement and the tests that measure g
are replaceable: ceteris paribus, any two tests with an equal g

loading are equally appropriate. According to POT, g is like
GCI: a consequence of independent but correlated cognitive
abilities.

Since POT is, in principle, agnostic about any particular mod-
eling of first- or second-order cognitive abilities, and CHC is
probably the most accepted model of the structure of abilities,
we decided to illustrate this interpretation of g on the model
already depicted in Figure 1. Figure 3 demonstrates a modified
version of the model: the seven CHC abilities are considered to
be reflective latent variables, while g is an emergent formative
construct.
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Table 1
“The Twelve Pillars of Competitiveness” that Constitute the Global Competi-
tiveness Index (Artadi & Sala-i-Martin, 2004)

# Pillars
Basic 1 Institutions
require- 2. Infrastructures
ments 3. Macroeconomic stability
4 Personal security
Sa. Basic human capital
Efficiency 5b. Advanced human capital
enhancers Good market efficiency
7. Labor market efficiency
8. Financial market efficiency
Technological readiness
10. Openness/market size
Innovation and 11. Business sophistication
sophistication factors 12. Innovation

POT-N: A Network Model

A more radical approach to modeling the structure of intel-
ligence is to abandon latent variable models altogether and
conduct psychometric network analyses instead. In network
models it is possible to examine the covariance structure of
observed variables and the estimated partial correlations among
observed variables, without assuming latent common causes.
In network science and network modeling, observations are
referred to as nodes and the connections between pairs of nodes
are referred to as edges. Recently, Kan et al. (2019) provided a
description of the differences between traditional latent variable
modeling and psychometric network analysis and proposed that
psychometric network analysis lends itself well to theories of
intelligence like POT (Kovacs & Conway, 2016a) and their own
model of intelligence known as mutualism (van der Maas et al.,
2006).

To illustrate the network modeling approach, we conducted a
psychometric network analysis on the data from our previously
discussed simulation study. As a reminder, in the simulation
study we assumed three broad ability factors (spatial, verbal, and
fluid), each measured by three tests (the latent variable model of
the simulation data was presented in Figure 2). The resulting net-
work model is presented in Figure 4. There are three important
features of this model: (1) the three broad abilities are revealed,
represented by three tight clusters of nodes; (2) there are no latent
variables and therefore no g; (3) fluid ability is more central to the
network than either spatial ability or verbal ability. In our view,
these features make the network model more compatible with
cognitive psychology and neuroscience interpretations of intel-
ligence. For example, the centrality of fluid ability corresponds
to the centrality of domain-general processes in cognition and
the importance of the fronto-parietal network in neuroscience.

Implications for Intelligence Research

This new conceptualization of human cognitive abilities has
implications both for research and application. With regard to
research, it follows from a formative concept of g that “the most
fruitful path [for researchers] would be to focus on those lower

order variables that do allow for a realist, causal interpretation”
(Kan, van der Maas, & Kievit, 2016, p. 220). That is, research on
the genetic basis or neural correlates of intelligence should focus
onreflective latent variables rather than on an emergent property.
Naturally, neural correlates of g can be identified in imaging
studies and genome-wide association studies are also able to
identify correlates of g. There is nothing in principle that would
prevent finding such correlates, since neural or genetic correlates
of clearly formative variables such as socioeconomic status can
also be identified. But since a formative g does not exert a causal
influence on cognition in general and IQ test scores in particular,
a scientific understanding of intelligence can only be achieved
through understanding the effect of reflective variables.

This is also the case because a formative construct is largely
dependent on the actual instruments that are indicators of the
construct. For instance, neuroimaging studies have found that
g-factors obtained from different test batteries show different
neural correlates even though the g-factors extracted from those
batteries are statistically identical (Colom, Jung, & Haier, 2006).
At the same time, fluid intelligence has a consistent pattern of
neural correlates in the dorsolateral and partly in the posterior
parietal cortex (Jung & Haier, 2007; Kane, 2005). This is exactly
what one would expect if g is formative and Gf is reflective.
Moreover, fluid intelligence is one of the few constructs that
seem to demonstrate ergodicity: the neural correlates of task dif-
ficulty and the neural correlates of differences in performance
are nearly identical (Kievit, 2014). Finally, research on the evolu-
tion of intelligence is informed by a formative approach to g and
areflective one to CHC abilities; it follows that g does not cross
species. It matters, for instance, if g in one species has a verbal
component but in another it does not, hence dog g, for instance, is
not identical to human g. At the same time, itis logically possible
that the factor Gf represents individual differences in the con-
struct fluid intelligence which, since both reflective and ergodic,
represents the ability to solve novel problems. Such an ability,
then, can be meaningfully interpreted across species (Kovacs &
Conway, 2017), provided that the differences between the the-
oretical status of intra-individual and inter-individual processes
is not ignored (Penke et al., 2011).

Implications for IQ Testing

The difference between a reflective and a formative inter-
pretation of g has consequences for the practice of 1Q-testing,
too. First, in a formative approach indicators are not automati-
cally interchangeable, so in a formative approach the content of
IQ-tests has greater relevance. For instance, it has been argued
that a focus on g in intelligence research has prevented the
study of a number of important constructs, such as economic
decision-making (Stankov, 2017). Future research might there-
fore broaden current conceptions on intelligence and include
measures of additional constructs to existing batteries. Relat-
edly, a cultural approach to intelligence, which emphasizes the
role of cultural values in which abilities are regarded as intel-
ligence (Sternberg & Grigorenko, 2004) is more in accordance
with a formative approach.
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Figure 4. A network model of intelligence based on simulated test scores from 9 tests. The circles represent measures of spatial ability (S), fluid ability (F), and

verbal ability (V).

Second, in g-theory variation in lower-order abilities has
much lower importance than variation in g, and since in g-
theory 1Q is usually interpreted as a proxy for g, global 1Q
scores are more important than specific abilities. In a formative
approach, on the other hand, the first-order factors that allow
for a realist interpretation—for instance, CHC abilities—have
greater significance. Therefore, a detailed assessment of spe-
cific abilities is more informative than a global index of mental
functioning. This can be illustrated with the example of global
competitiveness index: even though it is useful for global com-
parisons of different economies, a thorough understanding of
any given economy will not be provided by the GCI; an evalu-
ation of all the pillars that compose GCI is much more useful.
Similarly, a global IQ score or a score on the general factor
represent summary statistics that can be used to predict various
phenomena, ranging from everyday cognitive performance (e.g.,
academic achievement and job performance) to non-cognitive
life outcomes (e.g., socioeconomic status or longevity). As long
as g factors obtained from different batteries are statistically
equivalent, which seems to be the case (Johnson, Bouchard,
Krueger, McGue, & Gottesman, 2004) if the batteries are large
and diverse enough (Major, Johnson, & Bouchard, 2011), for the
purpose of pure statistical prediction the problem on instrument-
dependence in formative models can be overcome.

There is a debate about the adequate level of interpretation of
IQ-test results in general (Hale, Fiorello, Kavanagh, Hoeppner,

& Gaither, 2001; Nelson, Canivez, & Watkins, 2013), and for
clinical (Fiorello et al., 2010; Watkins, Glutting, & Lei, 2007)
and school psychology (Bowman, Markham, & Roberts, 2001;
Fiorello, Hale, McGrath, Ryan, & Quinn, 2001; Kranzler, 2001;
Vanderwood, McGrew, Flanagan, & Keith, 2001) and for I/O
psychology (Schmidt, 2002) in particular. It is certainly beyond
the aims or possibilities of this paper to review the arguments in
each of these debates. It is sufficient to point out that generally
there are three possible levels of the evaluation of performance
in cognitive test batteries that consist of a number of subtests:
(a) the level of subtests, (b) the specific factors, or (c) global IQ
scores or scores on a general factor.

The level of subtests is arguably too specific, hence scores
contain too much task-specific variance as well as, inevitably,
measurement error, which means that such scores are less reli-
able than more global scores. The problem with a global score
such as 1Q is that, if a formative approach is correct, they do not
reflect a real ability. Naturally, an IQ score can still be useful for
a number of reasons, as already discussed, as long as it is inter-
preted as index of different abilities rather than the reflection of
some general intelligence. But the optimal level of interpreta-
tion is the level of specific abilities (e.g., fluid, spatial, verbal)
that are global enough not to be task-specific but still allow for
a reflective interpretation.

Overall, from a formative perspective in general, or from the
perspective of POT in particular, it follows that a good measure
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of IQ is a large enough battery that is also able to provide a
profile-type assessment that highlights individual strengths and
weaknesses. Such a profile is especially more informative than
an overall IQ if there is substantial discrepancy between the
score on specific abilities. Generally, in educational settings,
especially with a focus on identifying individual strengths in stu-
dents, a profile-based assessment seems more appropriate and
also more in line with the theoretical approach of POT. This is
especially the case when testing with the purpose of identifying
giftedness since because of the phenomenon of ability differ-
entiation (outlined in the introduction) correlations between
different tests are lowest at highest levels of ability. Therefore
an overall IQ score might mask individual strength in a specific
area. Or, if for some reason a single measure is sufficient, the
best candidate to predict overall IQ is fluid intelligence because
of its central role in the structure of abilities and its near-identity
with g.

In alarge number of studies, clinical or otherwise, researchers
control for IQ, but IQ is measured different ways in different
studies. This practice is only without problems as long as 1Q
scores obtained on different batteries are interchangeable. If,
however, different IQ batteries do not measure the exact same
thing (as indicated in a formative approach) but rather possibly
different things (as in a formative approach) then different “IQs”
might reflect different processes. The solution is to use batteries
that are large and diverse enough so that they tap the same factor
(Johnson et al., 2004)—or, under POT’s framework, the same
overlapping processes.

The use of overall IQ scores can become particularly prob-
lematic when they are used for personnel selection. In the I/O
literature, it well established that g is the single best predictor of
job performance (Schmidt & Hunter, 2004). However, 1/O psy-
chologists tend to interpret g as a “general mental ability,” and
often refer to it as “the ability to learn” (Schmidt, 2002). Accord-
ing to POT, this interpretation of g is incorrect because there is no
such thing as general mental ability. When it comes to personnel
selection, the incorrect interpretation of g can have legal conse-
quences. For example, in the United States, employers may be
required to provide evidence that whatever is measured by the
IQ test is also required to do the job. If the employer relies on
an overall IQ score, derived from a large battery of tests, then it
may be difficult for them to link the score to job performance.
It is possible, for example, for a person to have a below aver-
age 1Q score but above average verbal ability. If the overall 1Q
score was used for personnel selection but only verbal ability is
needed for the job then the employer could face legal action.

A better approach to personnel selection is to use measures
of more specific cognitive abilities that can easily be linked to
job performance, or to use tests of fluid intelligence, under the
assumption that novel problem solving is common to most jobs.
The over-arching goal should be to maximize predictive valid-
ity and minimize adverse impact. Adverse impact refers to the

negative effect that a selection procedure has on a protected class
of citizens. For example, in the United States, there is a group dif-
ference in overall IQ between whites and blacks. Therefore, if IQ
is used for personnel selection then there is adverse impact, dis-
crimination, against blacks. This is why is it essential to interpret
scores correctly and to use tests that minimize adverse impact.
This issue was made famous in the case of Griggs vs. Duke
Power Co. (1971). Duke Power Co. had been using high school
completion and an intelligence test to make hiring decisions. The
court ruled that those criteria resulted in discrimination against
African-Americans. In their decision they argued,

On the record before us, neither the high school com-
pletion requirement nor the general intelligence test is
shown to bear a demonstrable relationship to successful
performance of the jobs for which it was used. Both were
adopted, as the Court of Appeals noted, without meaning-
ful study of their relationship to job performance ability.

A final consequence of a formative approach to g relates to
training and improvement of cognitive abilities. Without tak-
ing sides on the actual efficiency of existing interventions and
the general trainability of cognitive abilities, it is worth noting
that if g is formative then the focus of such attempts should
once again be the lower-order specific abilities that have a real-
ist ontology—because, well, they exist. Again, the example of
global competitiveness index illustrates the point. For if a gov-
ernment aims to improve the competitiveness of the country’s
economy it will not try to directly improve GCI itself, but rather
it will target one or more of the 12 pillars that constitute the
index, such as infrastructure, labor market efficiency, or inno-
vation. Similarly, the target of cognitive interventions should be
reflective factors like the special abilities of the CHC model (see
Figure 3), not IQ per se.

Conclusions

We hope to have convinced you that the first sentence of
this paper is meaningful; while most cognitive psychologists
and neuroscientists today agree that there is no such thing as
general intelligence, psychometricians have become remarkably
good at measuring it. In contemporary cognitive psychology
the dominant view on cognition is domain-specificity, which
is based on ample empirical evidence on dissociations through
brain injury, genetic disorders, and the localization of function
through neuroimaging. Therefore equating a g-model with g-
theory, that is, interpreting the general factor of intelligence as a
general cognitive ability, is unlikely to be the basis of a unified
cognitive/differential approach.

At the same time, instruments that are designed for differ-
ential psychology to measure individual differences generally
greatly outperform trademark tasks in cognitive psychology
that are designed for within-subject experimental studies that
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purport to discover or explain causal relations between cognitive
processes. Psychometrics indeed has remarkably sophisticated
methods to quantify variation in human cognitive abilities and
as a formative variable g can be measured accurately and can be
the basis of prediction.

We also hope to have presented food for thought about
explaining the positive manifold in intelligence without a gen-
eral cognitive ability as well as interpreting the general factor as
a formative construct. This paper could only start to unravel all
the consequences of such a shift of interpretation. Hopefully the
unified approach presented here can serve as a meaningful basis
for further research on cognitive abilities as well as for applied
measurement that is in agreement with theoretical advances in
human cognitive abilities.
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