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Titulo: Eficacia ejecutiva en tareas de intetferencia tipo Stroop. Estudio de
validacién de una versién numérica y manual (CANUM).

Resumen: En este trabajo presentamos CANUM, una nueva version nu-
mérica y manual de la prueba de interferencia de Stroop. El estimulo utili-
zado sustituye el conflicto color-palabra de la tarea clasica por el de canti-
dad-numero, dada la interferencia que también se genera entre el valor
simbélico del numero y la cantidad de veces que éste se repite. Asimismo
se sustituye la respuesta vocal por una simple pulsacién izquierda-derecha
en el teclado del ordenador. El objetivo fue doble: primero, asegurar un
indice de control ejecutivo-atencional general desvinculado del factor ver-
bal; y, segundo, ampliar asi la poblacién en la que resulta aplicable la prue-
ba, obviando las restricciones relativas a la competencia lectora que conlle-
va la tarea de Stroop clasica. Los resultados obtenidos en una muestra de
escolares revelan una alta fiabilidad en términos de consistencia interna, asi
como una notable validez predictiva en relacion con dos medidas criterio:
inteligencia general y amplitud de memoria operativa. Ello avala su utilidad
como instrumento de evaluacion de la funcién ejecutivo-atencional, aplica-
ble en un amplio rango de edad tanto con objetivos de investigaciéon como
en contextos clinicos y educativos.

Palabras clave: test de Stroop; control atencional; funciéon ejecutiva; am-
plitud de memoria operativa; factor g de inteligencia.

Abstract: This paper presents CANUM, a new numerical and manual ver-
sion of the Stroop interference task. The stimulus used replaces the classi-
cal color-word conflict with a quantity-number conflict, considering the
interference that is also generated between the symbolic value of the num-
ber and the amount of times it is repeated. CANUM also replaces the vo-
cal answer with a simple right-left keyboard response. The aim was two-
fold: firstly, to ensure a general measure of attentional control capacity not
linked to the verbal factor; and secondly, to widen the population to
whom the test might be applied, avoiding the restrictions on reading ability
inherent to the classical Stroop task. The results obtained in a sample of
school children reveal a level of high reliability in terms of internal con-
sistency, as well as a significant predictive validity in relation to two criteri-
al measures: general intelligence and working memory capacity. This sup-
ports its usefulness as an instrument for the assessment of executive func-
tion and controlled attention applicable across a wide age range, both for
research purposes as well as for clinical and educational goals.

Key words: Stroop task; attentional control; executive function; working
memory capacity; general intelligence.

Introduction

The “Stroop effect” is a well-known “color-word” interfer-
ence effect in the field of cognitive psychology and across
the vast field of research that has developed around the at-
tentional capacity of individuals. Basically, the effect occurs
when participants are asked to name the color in which an
incongruent word is printed (e.g., “red” is written using
green ink or font), ignoring the word itself (Stroop, 1935).
More specifically, when the stimulus has these two-
dimensions, it has repeatedly proven easier to read the words
while ignoring the color in which they are written, than to
name the color while ignoring the words themselves. Given
this task, errors and response times (RTs) increase signifi-
cantly in incongruent trials, in which color and word do not
match (e.g., the word "green" written in red ink), compared
to congruent trials (e.g., the word "green" written in green),
or neutral trials (e.g. the word "dice" written in blue)'.
Although the explanation of this effect is still controver-
sial, it is generally accepted that words provoke an involun-
tary reading response that interferes with the requested goal
of naming the color. Thus, the increases in response error
and latency when facing this task might be indicative of the
difficulty participants experience in resisting this interfer-
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! In the original experiment of John R. Stroop (1935), the response times in
naming the color of incongtuent words were compated with those words of
naming the color of colored squares (experiment 2).

ence, likewise inhibiting the preponderant reading response.
Or, in other words, the phenomenon reflects a participant’s
capacity for controlling his or her attention when facing a
conflict generated between a relatively automatic process
that must be inhibited and another the participant tries to
execute deliberately (MacLeod & Dunbar, 1988; Posner &
Snyder, 1975).

Despite its apparent simplicity, this interference effect
has proven very consistent across different task variants, en-
gendering many studies on its nature and associated key fac-
tors (see MacLeod, 1991). At the same time, given the high
attentional demands and the individual differences observed,
a consensus is growing that this type of task affects funda-
mental aspects of cognition, at least as far as its voluntary
control is concerned. Indeed, it constitutes a reference test
across different fields focused on the so-called "executive
functions” that are related to a person’s cognitive flexibility
and self-regulation (Garcia-Molina, Tirapu-Ustarroz & Roig-
Roviral, 2007; Lezak, Howieson & Loring, 2004), and whose
neurological basis appears to be located in certain areas of
the prefrontal cortex (Banich et al, 2000; Miyake et al.,
2000). In particular, executive functioning has been linked to
intelligence processes, in terms of the “g factor” (Friedman et
al., 2006), and with the regulatory mechanisms associated
with working memory, understood as a system of active
maintenance under executive-attentional control (Baddeley,
1996; Engle, 2002). Thus, insofar as the Stroop effect is as-
sumed to be an index of this type of control, it has also been
incorporated into the investigation of these important con-
structs, their relationships and their common capacity to
predict other measures of achievement, such as academic
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performance (e.g., Bull & Scerif, 2001; Imbrosciano & Ber-
lach, 2005).

Indeed, multiple studies have shown that working
memory capacity (WMC) is largely predictive of general in-
telligence, or Spearman’s “g factor” (e.g., Ackerman, Beier, &
Boyle, 2005; Colom, Abad, Rebollo, & Shih, 2005; Conway,
Kane & Engle, 2003), which many have attributed to the
common demand for executive-attentional control of the
tasks with which these constructs are measured (e.g., Engle
& Kane, 2004; Kane et al., 2007). In this same sense, there is
also clear evidence of the relationship between WMC and
executive-attentional control (Engle, 2002; Kane Conway,
Hambrick & Engle, 2007). This relationship has been partic-
ularly evident in the significant correlations found with the
Stroop task (KKane & Engle, 2003). In other words, the indi-
viduals with the highest performance on WMC tests are the
ones less susceptible to interference when performing the
Stroop task (Hutchison, 2011; Long & Prat, 2002; Shipstead
& Broadway, 2013; Unsworth & Spillers, 2010).

However, the breadth and basis of these relationships
remains a matter of debate, given that it is still unclear how
the executive and memory components present in the tasks
interact, or what their relative contribution to explaining the
shared variance might be (Chuderski, 2014; see a review in
Stelzer, Andés, Canet-Juric & Introzzi, 2016). In fact, inter-
ference and its control in the Stroop task may not only be re-
lated to the mechanism of resolving the attentional conflict,
but also to contextual factors and other aspects of general
processing that is required. Specifically, the relationship be-
tween working memory and executive control inherent to
the Stroop task also seems related to the necessity of goal
maintenance (i.e., naming the color, ignoring the word)
throughout the successive trials,

while still inhibiting one’s prepotent tendency of reading
the word itself (Kane & Engle, 2003). Hence, this also de-
pends on how maintaining this goal is either impeded or fa-
cilitated throughout the task. For instance, research shows
that goal maintenance is more difficult if the task includes a
large number of congruent trials. Namely, facing a higher ra-
tio of congruent trials tends to suspend the executive control
system and thus favour goal neglect (Hutchison, 2007, Mo-
rey et al., 2012). But also the particular sequences of congrui-
ty-incongruity may or may not contribute to this as a func-
tion of the dynamic adjustments that they impose in the acti-
vation (or dis-activation) of attentional control. For example,
additional priming effects —positive or negative— may oc-
cur between successive trials (Egner, 2007; Long & Prat,
2002; Meier & Kane, 2013).

In short, the Stroop task involves a complex process of
selective atfention that involves an inhibitory function as well as
sustained attention (focusing) linked to the active waintenance
of the task goal. These broad demands explain the value of
the task as an index of attentional control. But they also justi-
fy the idea that this type of measure may also reflect the do-
main-general executive component underlying the relation-
ships between constructs relating to executive functions,

working memory, and general intelligence, as well as the
common neurological substrate in which they appear to be
supported (Conway, Kane & Engle, 2003; Kane & Engle
2002).

In this respect, however, it is worth mentioning that in
the classical version of the task, the verbal modality of the
stimulus (S) and the vocal nature of the required response
(R) may imply a specifically "verbal" bias in processing the
apparent conflict. In this sense, provided the hypothesis that
conflict occurs in the input phase, when S is perceived and
codified in two dimensions (e.g., word and color), it has been
suggested that interference may depend on the greater speed,
or even the automaticity, of processing the word relative to
color (SS compatibility). This would, therefore, make it nec-
essaty to control the influence of reading practice and the
degree of automaticity associated with the phonological
code. In fact, multiple studies in the early grades show that
the level of interference is closely related to the increasing
development of reading skills up until its acquisition is com-
plete (MacLeod, 1991; Protopapas, Archonti & Skaloumba-
kas, 2007).

In this context, researchers have introduced task variants
that use numerical stimuli instead of words, under the as-
sumption that an understanding of numbers is acquired ear-
lier and independently, linked to the formation of counting
small quantities (Bryant, 1996; Gelman & Meck, 1983). Spe-
cifically, these variants have replaced the word-color conflict
with number-magnitude conflict, taking into account the in-
terference that also seems to be generated between its sym-
bolic value (the value expressed by the cardinality of num-
bers) and the result of processing them independently along
some other dimension or empirical attribute. For example,
the relative size of the number itself (to indicate that a '3' is
'larger' than a ‘5°), or their quantity when occurring as a set
(to indicate that there are 'three numbers’ in '5 5 5"). In these
studies (e.g., Algom, Dekel & Pansky, 1996; Wolach, McHale
& Tatlea, 2004), the difficulty involved in ignoring the nu-
merical information in the digit has been verified such that,
just like in color-word interference, the tendency towards
identifying the digit’s symbolic numerical value might inter-
fere with the actual task in incongruent cases, that is, in cases
where there is no correspondence between the irrelevant
symbolic meaning and the relevant empirical dimension.

On the other hand, another possible basis for explaining
the interference on the classical Stroop task is the coinci-
dence involved in the verbal nature of the stimulus —the
word— with that of modality of the response, usually vocal.
In this case, it is assumed that the interference will occur lat-
er during the output phase, when selecting a response. As the
two S dimensions compete for the same vocal channel in the
response, the “word” as such may impose itself against “col-
or” only due to the mutual affinity in modality between S
and R (SR compatibility). This has led to research on the
Stroop effect that contrasts the classic vocal response (nam-
ing color) with that of a manual response (selecting an item
or pressing a key). The results of research in this respect are
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not so homogeneous (see MacLeod, 1991), but, in general,
the interference effect has been confirmed in the manual
versions.

In practice, the advantage of these numerical variants is
to isolate the Stroop effect from purely verbal factors and
that of reading ability, both linked to the "word" itself as 7n-
put and that possibly condition or limit its application. For
instance, this might occur in certain populations with lower
levels of education, the illiterate, or those with verbal disabili-
ties (Sedd, 2004). But these variants also have theoretical im-
plications. The fact that the interference effect still occurs
when the modality of S or R is changed strengthens the idea
that these kinds of tasks reflect a central and general capacity
for executive-attentional control and that, in fact, measures
devoid of the verbal factor specific to this kind of interfer-
ence may be more valid.

In this respect, the present study explores a version of
the task that employs numerical content and requites a man-
ual response (CANUM) in order to strip it —at least in
part— of the possible verbal bias inherent in the classical
version, associated with both the presented S as well as the
required R. The objective of CANUM,, therefore, has been
to ensure that this measure of executive-attentional control
capacity is more central and non-specific than the classic
Stroop involves, due possibly to its verbal nature. Additional-
ly, at the same time we seek to extend the possibilities of the
test’s application by avoiding the restrictions that the classical
approach presupposes, at least with regards to competence in
reading.

However, in order to test the consistency of CANUM on
a comparative basis in terms of convergent and construct va-
lidity, we also apply a parallel version of the classic Stroop
color-word task (STROOPm), designed and implemented
according to the same procedure. We describe both tests be-
low.

CANUM: A “quantity-number” interference test
with manual response

In CANUM, numerical stimuli (digits 1, 2, 3, or 4) are
presented in the center of the computer screen and are ar-
ranged in a repeated way (e.g., 111) to simultaneously trigger
or allow for two kinds of judgement: the digit itself as nu-
merical symbol (number “one” in the example above), and
the number of times the digit repeats itself (“three” in the
example above). The participant is asked to provide a re-
sponse to this latter question of magnitude, that is, the
"number of times" that the base number is repeated (relevant
dimension — hereinafter, Quantity or Q%) while ignoring the
numerical symbol as such (irrelevant dimension — hereafter,
base Number or N°)2 Now, in a way similar to the Stroop
color-word test, it allows the participant to either face con-
gruent (e.g., 22- two “twos") or incongruent (e.g., 222 - three

2 The name of the test comes from the combination of the first part of
each term that designate in Spanish both dimensions, televant and irrele-
vant: CANtidad vs. NUMero = CANUM.
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“twos") cases and, therefore, generates similar effects of fa-
cilitation-interference. That is, we assume that when num-
bers and quantity match (congruent cases: Q* = N°), the task
will be facilitated; whereas when they do not coincide (in-
congruent cases: Q* # N°), the act of identifying the number
itself will interfere with the objective task of indicating how
many times it is repeated.

This patticular "numeric Stroop effect" has indeed been
found in a lot of work, some already classic (e.g., Sed6, 2004,
Shor, 1971; Windes, 1968). But in CANUM, in order to
manually implement the response to the task (R), another
digit (also ranging from one to four) is added both at the be-
ginning and at the end of the stimulus (S), one of which cor-
responds to the value of the relevant dimension. In other
words, the correct option of R appears on one side of the
line reflecting the Q% and on the other side an incortect op-
tion, which may or may not repeat the N°. For example, in
“43327, the central digits '33' make up the S, the initial '4' to
the left represents an incorrect R, and the "2' to the right
ends the series and corresponds to a correct R ("two
threes"). Accordingly, the subject is instructed to spatially as-
sociate these options on each side of the S with two correla-
tive keys to the left and right of the keyboard. In other
words, they must respond by pressing the key that spatially
corresponds to the correct response (in the example, the cor-
rect response would be to press the right key).

No visual emphasis is offered that distinguishes the two
parts (central and lateral) of the stimulus configuration’,
thus making the task more complex and more demanding of
selective attentional control. Note that in addition to numeri-
cal dimensions in conflict (number and quantity), this fact
implies maintaining a spatial division between the part corre-
sponding to the S (the central location) and the R options
(lateral ends) provided. This is important because the inclu-
sion of response options on either side alters —and possibly
amplifies— the levels of incongruity attributable to each
stimulus configuration, depending on the alternatives of R
used (Q%) and their possible correspondence with the irrele-
vant dimension (N°) in the correct or incorrect option. In
this sense, the previous example of “4332” actually corre-
sponds to a neutral condition, since the lateral choices pre-
sent in Q (4**¥2) do not include repetition of N° (3), neither
in the correct or incorrect sense. Yet, for example, in the
case of 42227, the congruent condition (two “twos") is rein-
forced, since N° (2) is repeated in the correct Q* option (2),
possibly increasing the facilitating effect. In contrast, in the
case of “4442” the incongruous condition (two “fours") is
reinforced, since N° (4) is repeated in the incorrect Q (4)
option, possibly contributing to an increase in interference.

In this regard, we have also taken into account the possi-
ble additional occurrence of other interference effects, in a
way similar to that of Stroop, but directly linked to the lateral

3 With this label we refer, obviously, to the set of digits presented that in-
cludes the actual "stimulus" (central part) and the offered response options
(lateral ends).
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repetitions of base number (N°) as R options. Thus, on the
one hand, the task can be compared to the “Simon effect”
(see Simon, 1990; Lu & Proctor, 1995; Hommel, 2011), giv-
en that it also poses a visuo-spatial conflict: participants must
choose an alternative right-left response by pressing a corre-
sponding key that may or may not be congruent with respect
to the position that indicates the relevant dimension. In fact,
whenever either of the lateral Q* options corresponds with
the N° itself, a certain visuo-spatial asymmetry is clearly gen-
erated in the configurations, capable of inducing the type of
response "lateralization" found in the Simon effect. Howev-
et, since the coincidence can occur both in the correct or in-
correct option, its possible incidence will always converge
with the corresponding Stroop effect, whether it is interfer-
ing (incongruent cases, such as “two ones™ “1112” or
“21117) or facilitating (congruent cases, such as “two twos”:
“2221” or “1222”) a correct response.

On the other hand, some configurations may also give
rise to a certain “flanker effect” similar to the task proposed
by Eriksen (Eriksen & Eriksen, 1974; Eriksen 1997). The
central digits —relevant to the computation of the Q*— are
"flanked" by other digits that will be distracting if they lead
to the wrong answer (i.e., that of N° itself). In particular, we
assume that the “flanker effect” will also occur in cases in
which base N° matches one of the R options provided as Q*
—whether correct or incorrect—, considering them as
“flanks". But in this case, this will be true only insofar as it
makes discrimination more difficult between the central dig-
its that constitute S and those lateral digits offered as R op-
tions. Thus, in some congruent cases, the facilitating effect
may be counteracted by a “negative flanker effect.” For ex-
ample, in the case of “3222” (two “twos”), the occurrence of
N° in the correct lateral flank option '2', combined with the
incorrect lateral flank option '3', causes confusion between
the S-R parts on the correct flank, as it can be identified as
“three twos”. On the contrary, in some incongruent cases,
the interference effect may in fact be intensified by the
"flanker effect". For example, the case “3332” (two “threes”)
also combines the flanks '3' - 2. But here the repetition of
N° in the incorrect flank option '3' generates confusion on
that flank because it can lead one to identify the case as
“three threes”. In any of these cases, therefore, a disruptive
"flanker effect" may be generated via a supetficially correct
but invalid description, because one of the options “flank-
ing” as R are mistakenly included as part of the S. Thus, this
"flanker effect" is less frequent, but always of an interfering
nature and, for this reason, it will serve to increase the diffi-
culty in any of the affected cases (see Appendix I).

STROOPm: A “color-word” interference test with
manual response

As we have argued, to test the validity of CANUM on a
comparative basis, we designed a parallel version of the clas-
sic color-word task of Stroop, to be implemented according
to the same procedure: presentation of the S word (color

name written in different colors), flanked by two lateral R
options (color names written in white) associated in visuo-
spatial correspondence to right-left keystrokes on the key-
board. Thus, given that the correct option always names the
relevant dimension (the ink color of the S word), this linear
configuration allows for a manual response according to the
procedure followed in CANUM and under similar condi-
tions: when a condition of congruence occurs between the
relevant-irrelevant dimensions, the correct option reproduces
the stimulus word (e.g., “green green red”, or ‘green’ next to
the word “green” written in green); while given an incongru-
ent condition, it is the incorrect option that reproduces the
stimulus word (e.g., “green red red”, or 'red' next to the
word “red” written in green).

This type of configuration may involve, as in CANUM, a
strengthening of the Stroop effect (facilitator or interferer)
through the possible addition of the Simon effect, due to the
perceptual asymmetry produced by the co-occutrence of
words and the lateralization (right-left) of the response (R),
something that may give rise in cases of visuo-spatial corre-
spondence. However, by their nature, these same configura-
tions will not bring about cases having possible "flanker ef-
fects” in the sense observed in CANUM. Therefore, for the
purposes of analyzing response latency and difficulty, we
have only considered the three basic conditions: congruence
(the S word occurs in one of the R options, designating the
color in which it is written), incongruence (the S word occurs
in one of the R options, designating a color different from
the one in which it is written) and neutral (the S word occurs
in none of the R options) (see Appendix II).

Approach and hypothesis

As we have seen, CANUM is a test that requires high at-
tentional control over the interference —between stimuli
and between the stimuli and responses— similar to the clas-
sic Stroop task (1935), but in a numerical and manual way.
On the one hand, the numerical modality of the stimulus
aims to eliminate or minimize the specific impact of the ver-
bal factor (relevant to the S-S compatibility at the input
phase). On the other hand, the new version calls for a manu-
al response that situates the conflict in the selection of the
response outside of any direct overlap between the verbal
stimulus and the vocal response (which concerns S-R com-
patibility at the output phase). Additionally, the way in which
we have implemented this response incorporates to some ex-
tent the “Simon” and “flanker” effects, such that, overall, we
can consider the test as contributing to the development of a
valid measure of attentional control as a reflection or mani-
festation of general executive-attentional competence. In or-
der to achieve this goal, we have designed and applied both
tests (CANUM and STROOPm) according to the same pro-
cedure. In addition, two working memory capacity tests and
a general intelligence test (g factor) were also applied in order
to assess and compare their predictive power relative to
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these important criteria, the relationship of which has been

widely supported in the literature.

Thus, in terms of construct and convergent validity between
STROOPm and CANUM, we make the following predic-
tions:

1. Both tests will provide measures of difficulty (in terms of
response accuracy and speed), according to the level of
interference attributable to the different cases as a func-
tion of the congruence-incongruence conditions theoreti-
cally associated with each. In particular, and according to
the approach developed in the current study, we predict:
A. For both tests, the best performance will occur in

conditions of congruence, the worst in conditions of
incongruence, and an intermediate level in neutral
conditions.

B. More particularly, in CANUM we predict worst per-
formance in cases with a possible "flanker" effect,
whether congruent or incongruent, at least compared
to their unaffected counterparts.

C. Opverall, because of its higher demands on executive-
attentional control, CANUM will be more difficult
than STROOPm.

3. However, as measures of the same underlying construct,
we predict a significant relationship between CANUM
and STROOPM, at least in reference to the overall score
provided by each.

Finally, in terms of ¢riterion validity:

4. Both tests will show good predictive potential in regards
to working memory capacity (WMC) and general intelli-
gence (g factor), although we expect higher CANUM
correlations than we do for STROOPmM.

Method

Participants

The sample was quasi-randomly taken across primary
and secondary classrooms belonging to three public schools
in Conil (Cadiz, Spain), all belonging to similar socioeconom-
ic strata. Given the goals of the research and the require-
ments of the various tests, we believed it appropriate to
sample from pre-adolescent participants to ensure minimum
competencies. Also, sampling from a wide age-range would
similarly allow us to test the consistency of the proposed new
instrument (CANUM) as a function of the age variable.
Thus, the sample included 128 students aged between 10 and
15 years (M = 12.73, §D =2.49) after excluding those whose
performance on any given test fell 2.5 standard deviations
below the mean, as well as those who for any reason were
unable to perform all of the tasks.

Testing Instruments
CANUM

To bring about the relevant facilitation and interference
effects, CANUM includes 12 congruent configurations (3 x
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4) and 12 incongruent configurations (3 x 4), all of which
were generated on the basis of the following range of num-
bers: 1, 2, 3 and 4. In each configuration, however, 9 items
are seen as reinforcing the “Simon effect” and 3 as provok-
ing a distuptive “flanker” effect.

On the other hand, to verify and compare the expected
effects according to interference conditions, CANUM in-
cluded two kinds of “neutral” (N) configurations, in which
the lateral response options offered are different from (do
not repeat) the base number. Firstly, 12 Na cases were se-
lected from the 24 generated by the range (between 1 and 4)
provided (e.g., “3442”). Secondly, 12 Nb parallel cases were
added using a base number outside (between 5 and 8) of that
range (e.g., “37727).

In addition, across all conditions the cases included were
duplicated to counterbalance the left-right position of the
lateral response (R) options offered. The final set of 96
items was presented to participants in a pre-established se-
quence, while still obtained at random (see details in Appen-
dix I).

STROOPm

In a parallel way, the STROOPm test includes 12 con-
gruent configurations (3 x 4) and 12 incongruent configura-
tions (3 x 4), all of which were generated on the basis of the
following range of colors: red, yellow, green, and blue. Simi-
larly, as a means of contrasting the expected effects of inter-
ference and facilitation, we included two neutral configura-
tion types that paralleled those used in CANUM: a “semi-
neutral” type, that refers to cases in which the stimulus S
does not occur as a lateral response R option (e.g., “green
blue red”; where the central word “blue” written in green
represents S) and a “neutral” type, that refers to cases in
which the stimulus S does not name a color at all (e.g.,
“green dinner red”’; where the central word “dinner” written
in green represents S).

Likewise, in order to counterbalance the left-right posi-
tions of the lateral response options, the total set of configu-
rations were doubled. As in CANUM, the resulting set in-
cludes 120 items, which were presented to participants in a
pre-established, yet random, order (see details in Appendix

1.
Working memory tests: RST and RocST

Two measures adapted for children were employed as
working memory capacity tests, both of which follow the
double-task structure of the classic reading span test (RST)
of Daneman and Carpenter (1980), based on reading uncon-
nected sentences. In particular, we applied an adaption of
this same test, carried out by Carriedo and Rucian (2009), as
well as a parallel test of “reasoning span” (RxST), using the
resolution of simple analogies instead of basic reading.
Gutiérrez-Martinez y Ramos (2014) adapted the latter test
for the use in children, and it is that version which is used in
the current study.
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The structure of the adapted RST and RxST used here is
equivalent to that of the original test (for detailed description
see Elosta, Gutiérrez-Martinez, Garcfa-Madruga, Luque &
Garate, 1996; and Gutiérrez-Martinez, Garcia-Madruga, Car-
riedo, Vila & Luzén, 2005). For this reason, its application is
similar. The items (sentences or analogies) are presented in a
successive number of increasing series (from two to five),
and include three essays at each level, which in total thus
make up four blocks or levels of increasing difficulty.

Test of general intelligence

On the other hand, Raven’s Progressive Matrices (RPM)
test (see Raven, Court & Raven, 1996) was used as a measure
of general intelligence. It is recognised as providing a scale
for estimating “g factor” or fluid intelligence. The task re-
quires participants to reason about the relationships that
make up an incomplete set of abstract forms (in a 3 x 3 ma-
trix) in order to select from amongst several options the
shape that correctly complete the set. The test includes 60
matrices.

Procedure

The participants performed all of the tests in counterbal-
anced order. The tests were presented using computers and
applied individually, except in the case of RAVEN, the ap-
plication of which was collective with experimenter support.

The two WMC tests were administered on a computer
using the FE-prime software (Schneider, Eschman &
Zuccolotto, 2002), following a repetitive sequential process:
in each test the participant had to complete a seties of items
of increasing difficulty, corresponding to the level tested (2,
3, 4 and 5). In RST, processing consisted of reading sentenc-
es and in RxST of reading and solving analogies. At the end
of each series a question mark (ie., “?”) appears on the
screen and then the participant tries to remember, in the or-
der of appearance, the key words: in RST, the last words of
each sentence; and in RxST, the words chosen to complete
the analogies. The “integrated criterion” developed by
Elosua et al. (1996) was used to evaluate a participant’s per-
formance. This criterion assigns an integer score that corre-
sponds to the level achieved (between 2 and 5), plus a deci-
mal score (between 0.1 and 0.9) that qualifies the actual per-
formance within that level by considering the three trials.

In a similar way, both STROOPm and CANUM were
administered via the open-source software known as PEBL
(http://pebl.sourceforge.net/), which allows recording both
reaction times as well as error hit rates (Mueller & Piper,
2014). As previously described, the stimuli (words or num-
bers) were presented in the center of the screen, and the re-
sponse options on either lateral side. In this way, the partici-
pant can choose the correct option by pressing the corre-
sponding key: the “P” key as the right side option, and the
“Q” key as the left side option. Pressing the space bar ena-
bled a participant to move onto the next item. Through this

procedure the participant was able to proceed at his or her
own speed, and in so doing the response times (RT) of each
test could be recorded. For this reason, the participant was
provided instruction through an initial set of practice items
(24 random cases selected from “neutral” conditions), while
being requested to “try to go as quickly as possible without
making mistakes”. Feedback was provided with the word
“incorrect” appearing on the screen after each failed attempt,
until refreshing it by pressing the space bat to begin the next
test item.

Measures

Given its nature, the results obtained from tests like that
of Stroop have usually been operationalized as measures of
time rather than measures of accuracy. In particular, "inter-
ference" or "facilitation" scores, calculated as the difference
between the reaction or response time (RT) used in incon-
gruent or congruent cases —tespectively— with the time re-
quired by the neutral cases. This make sense given what is
requested of the participant (speed, but without mistakes).
Thus, one expects the two parameters —speed and accura-
cy— to trade-off, insofar as an inverse relationship holds for
each test trial: the higher the speed of executing the item, the
lower probability of being accurate on it.

Nevertheless, this is not necessarily the case for the
whole test. This is true especially when taking into account
that, in addition to the general stimulus condition presented
in each trial (incongruent, congruent, or neutral), other vari-
ables —such as the proportion of congruent-incongruent
items in the list, or the particular sequence of presentation—
may also affect the level of difficulty from one trial to the
next, and/or result in inconsistencies between the measures
themselves (speed or accuracy). In fact, according to the
double mechanism of attention and memory postulated by
Kane and Engle (2003), the difficulty in resolving attentional
conflicts is what is reflected in increasing RT measures (via
response latency), while forgetting the goal of the task (i.e.,
goal neglect) is that which results in errors (via response in-
accuracy). Thus, fluctuations or local variations in these
measures are to be expected. In other words, according to
the particular sequence of congruity-incongruity, either de-
lays in processing speed or an increase in error rates will tend
to occur, and therefore this speed-accuracy tradeoff may be
variable throughout the course of successive trials of the
task.

In the present study we did not directly control the kinds
of factors alluded to above (ratio of congruity-incongruity
per list, and presentation sequence). We simply applied a pre-
established sequence of the different conditions and cases,
albeit obtained initially at random. Consequently, it makes
sense to take both sides of the tradeoff (speed and accuracy)
into account when evaluating global individual differences,
that is, those related to performance as a whole on the test.
And hence, in the current study, besides speed and accuracy,
we consider separately a combined measure of efficacy (E)
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(dividing response accuracy by response speed, within each
condition and in the total; i.e., E = accuracy/speed) as yet
another operational measure of executive-attentional difficul-
ty of the task, and thus, of the overall efficacy in executive
control shown by the participant.

Indeed, we expect this measure of efficacy to be more
consistent with that of our hypothesis. Therefore, and in or-
der to compare them, we will record the results of reliability
and validity obtained across all three measures (speed, accu-
racy, and efficacy), both in STROOPm and in CANUM, and
in reference to their different conditions.

Data analysis

The reliability of the tests has been estimated in terms of
“internal consistency” by means of Cronbach’s alpha coeffi-
cient. For this, the various conditions of the tasks (congru-
ent, incongruent and neutral) were taken as underlying fac-
tors contributing to the same construct.

The validity of the construct is assessed, firstly, by analys-
ing the expected differences in difficulty between the various
conditions within each test and between the two tests, in
both cases in reference to the total scores obtained. To do
so, given the heterogeneity of the sample in terms of school
level and age, we first evaluate the normality of distributions
by means of the Kolmogorov-Smirnov test. In this sense, we
verify that in many of the variables we cannot assume nor-
mality. For this reason, in order to test for significance in
performance differences, we applied the non-parametric
Wilcoxon test for related samples.

For the same reason, the expected linear relationship be-
tween the two tests was estimated by calculating the Spear-
man correlation coefficient between the total scores. This
correlation analysis was also performed with respect to the
criterion measures (WMC and general intelligence) in order
to verify the predictive capacity of the two tests studied.

Results and discussion
Reliability and condition difficulty

Table 1 shows the mean percentage of hits and the mean
response times (RT) per item, recorded across each test and
condition*, as well as the combined measure for efficacy. In
addition, the reliability coefficient (Cronbach’s alpha) associ-
ated with each of these measures is presented. In this re-
spect, as can be seen, the RT measure and the efficacy meas-
ure are shown to be reliable, with excellent coefficients ( >
90) for both STROOPm and CANUM. However, in
STROOPm only the efficacy measure provides evidence
consistent with expectations about various conditions rela-

+In the tests not all the analyzed conditions contain the same number of
items, thus in order to make them comparable, instead of taking direct
measurements of hits and response latencies, percentage accuracy and aver-
age RT's per item have been used.
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tive to its presumed nature across different conditions (Hy-
pothesis 1a): the congruent condition shows the most effec-
tive performance (Q = 83.0) by facilitating performance. Af-
ter that, the neutral (IN = 70.7) and semi-neutral (§ = 67.2)
conditions show no effects in either direction and so, as ex-
pected, can be taken as baseline references. And, finally, the
incongruent condition (I = 62.5) has the lowest score, pre-
sumably due to the inherent interference effect.

Table 1. Means (5D) in measures of difficulty according to interference
condition in the STROOPm and CANUM tests (IN = 128).

. RT per item Efficacy
0
Hits (%) (ms) (Hits/RT)
STROOPm  STROOPm  STROOPm
CANUM CANUM CANUM
9691 93.00 1480 1780 70.74 58.89
1
Neutral (N-NB) (4.44)  (7.6) (443) (652) (19.28) (20.3)
96.24 9427 1564 1902 67.16 55.95
i 1_Ng?
Semi-neutral (SWN@®) 350 59 (527) (714) (1847) (18.8)
c . (g 0753 9201 1259 2202 8364 4939
ongruent  (C-C) 550 88 (379) (940) (2207) (20.3)
79.69 2099 4267
-¢P (19.4) (785) (17.7)
. il 8353 9058 1448 2206 6251 47.10
neongruent  (I'-I) 519 07 ws50) (893 (19.42) (17.0)
79.56 2165 4254
« -1P (18.6) (930) (17.5)
Total 94.09 9101 1463 2014  69.65 51.11
(3.86)  (637) (446) (743) (18.70) (17.6)
Cronbach’s Alpha 062 078 096 096 096 095
(1) relative to STROOPm — N: Neutral; S: Semi-neutral; C: Congruent; I:
Incongruent

() relative to CANUM — Nb: Neutral b; Na: Neutral a; Cs: Congruent+Simon;
Cf:Congruent+flankers; Is: Incongruent+Simony 1f: Incongruent+flankers;

In fact, it is the measure of efficacy (E) that reveals high-
ly significant differences (p < .001) across the various condi-
tions in all cases and in the expected direction, without any
mismatches (Table 2). This does not occur with the accuracy
measutre, which fails to differentiate between neutral and
congruent conditions; nor with the RT measure, which yields
clearly inconsistent data: RT measures turn out being greater
in the neutral conditions (N and Q) than in the incongruent
(D) condition, and hence the differences in these cases are
unexpectedly positive. Taking into account, moreover, that
these differences concern precisely the traditional indices of
"interference" and "facilitation", it is evident this lone tem-
poral measure is weak as an operative index of the executive-
attentional capabilities that supposedly underlie the perfor-
mance on the test.
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Table 2. Mean differences in the STROOPm and CANUM conditions (row minus column) across the various measures of difficulty (IN = 128).

Hits (%) RT per item (ms) Efficacy (Hits/RT)
STROOPm -N -S -I -N@ -S@ IO -N -S -1
C- 0.62 1.28%* 14.00##* 2277w ad -188¥x* 12.90%%% 16.47+%* 21.13%%k
N- 0.67* 13.38%** 32 3.58HHk 8.23%¢*
S- 12.71%%* 116%** 4.65%*
CANUM -Na -Gs -Is -Cf -If -Na  -Cs@  -Is®) -Cf -If -Na -Cs -Is -Cf -If
Nb- S1.27% 0099 2420% 13.3168% 13 4400% 2000k D% 4267 FIORRK 385¥HK D 04k 9 50% Kk 1. 79%K% 16.220FF 16,35
Na- - 2.26%F  3.69F%F  14.58%%k 147104k -3007%%% -304%%% _196¥F* -203%x* - 0.50%F* 885K 13.28%xF 13,41k
Cs- - 143 12.33%FF 12.40%%* - -3 103* 36 - 2.28%  6.72%Fx  (.85%**
Is- - 10.89%**  11.02%** - 107* 40 - 4.43%6%  4.56%F*
Cf- - 0.13 - -66 - 0.13
I - : :

*p < 05; ** p <.01; 7% p <.001.

(M): In bold and italic, the differences in the RT of the incongruent conditions (1), which can be taken as direct indices of the associated interference, especially

the difference in the neutral condition (N-I).

(»): In bold and italic, the differences in the R of the congruent conditions (C), which can be taken as direct indices of the associated facilitation, especially the

difference in the neutral condition (C-N).

With regards to the new CANUM test, the difficulty
measures in Table 1 for each general condition have been
broken down according to expectations for each added ef-
fect: Simon only (s) or also with flankers (f). In fact, the
overall results in conditions of congruence (C) and incongru-
ity (I) are misleading, given that the performance in flanker
conditions (Cf and If) was different from the others (Cs and
Is) across all measures. This is due to the fact that both con-
ditions (Cf and If) in these cases tend to be equal, producing
a similar reduction in RTs relative to their counterparts (Cs
and Is), but likewise impairing response accuracy. Taken to-
gether, this is thus reflected as a significant drop in the com-
bined efficacy measure. In short, the cases Cf and If are re-
solved faster but with much less success (i.c., fewer hits).
However, these flanker cases do not diminish the internal
consistency of the test. Rather they appear to behave togeth-
er as a new condition (f) generating more interference than
incongruent cases exhibiting only Simon effects (Is), a result
that lines up with Hypothesis 1b.

On the other hand, we can observe that the differences
between the various measures in CANUM are not as marked
as in STROOPm, and all reflect the same general pattern:
performance in the congruent condition (Cs) is somewhat
better compared to the incongruent (Is). But, contrary to ex-
pectations, it is not really facilitative compared to the neutral
conditions (Na and Nb), where the highest scores are
reached. In other words, in CANUM —unlike that of
STROOPm— the congruent condition with only the Simon
effect (Cs) appears to have functioned more like another lev-
el of interference: less effectively than the proper interfer-
ence condition (Is), but clearly more so than either neutral
condition (Na and Nb). Leaving aside the flanker cases, this
implies the following sequence of difficulty, from least to
most difficult: neutral, congruent, and incongruent. This
does not exactly correspond to our general hypothesis (Hy-
pothesis 1a).

However, and in reference to this pattern, the combined
measure of efficacy is again the one that appears to reveal it
in a more consistent way. Thus, as seen in Table 2, this
measure reflects significant differences in the expected direc-

tion, except for in the conditions with “flanker” effects (in
which no difference occurs between Cf and If). But this is
theoretically acceptable as a more precise delimitation of the
conditions in terms of levels of interference and difficulty.
That is, 'f' would be the condition of greatest interference,
including in an undifferentiated way the two types of cases,
Cf and If. In fact, such indifferentiation may also explain
why the ordinary congruent condition (Cs) was not shown to
be “facilitative” compared to the neutral conditions. To the
extent that the “flanker” effect distorts Stroop conditions of
congruity-incongruity, the attentional control required may
imply greater “alertness” or “vigilance,” even in ordinatry
congruent cases (Cs). This would translate into an increase in
RTs (indeed, it is similar to that which occurs in incongruent
“Is” cases — see Table 1), thus nullifying some of its facili-
tating effect, and thus making them more difficult than the
neutral cases. Ultimately, even cases without any direct
“flanker” confusion (e.g., in case “2224”, with no corre-
sponding R flank) also do not conform to the congruent
verbal description “two twos” since this configuration per-
ceptively appears as “three twos”, and thereby also calls for
an additional discrimination incompatible with the facilita-
tion effect. In sum, the condition Cs implies some level of
interference, and therefore contributes to increasing the dif-
ficulty of the CANUM test as a whole, compared to that of
STROOPm.

Construct and criterion validity

Indeed, as predicted (Hypothesis 1c), CANUM was more
difficult than STROOPm across all measures according to
global scores (Table 1)° Thus, the percentage of hits is sig-
nificantly lower in CANUM (-3.08, Wilcoxon, z = -4.98, » =
128; p <.001), and mean RTs significantly higher (+551 ms,

5 This greater difficulty was also experienced across the vatrious conditions
(congruent, incongruent, and neutral). But because in theory we cannot as-
sume a complete parallelism between these —especially in cases with possi-
ble “flanker” effects— here we choose not to look further into this contrast
between particular conditions.
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Wilcoxon, z = -9.40, » = 128; p < .001). Consequently, the
combined measure of efficacy is also significantly lower in
CANUM (-19.14, Wilcoxon, z = -9.56, » = 128; p < .001).
All this is in line with our prediction that CANUM places a
greater set of demands on interference control, both in pro-
cessing the input stimulus (numerical Stroop effect) and in
response management (additional "Simon" and “flanket" ef-
fects).

However, with reference to these same overall scores, the
expected relationship between STROOPm and CANUM as
measures of the same construct is also confirmed (Hypothe-
sis 2). As can be seen in Table 3, the correlations between
both tests are equally high and significant in the RTs and ef-
ficacy measure (r = .79 in both; p < .01), representing a
shared variance of 62 %. Also, although to a lesser degree,
the correlation in accuracy, or hits (r = .54; # = .29; p < .01)
is also significant. All of this therefore serves to confirm its
convergent validity in the expected direction. That is, the two
constructs, CANUM and STROOPm, seem to reflect the
same kind of general competence, presumably linked to its
broad and common executive-attentional demands related to
managing the interference.

Table 3. Spearman correlations between the various measures of difficulty
in the STROOPm and CANUM tests (N = 128).

STROOPmM CANUM
% Hits RT E % Hits RT E

STROOPm % Hits

RT .00

Efficacy (E) 14 -98™
CANUM % Hits sS4 12 -.04

RT .05 .79 77 -.09

Efficacy (E) 06 -79% 79 09 -97
< 01,

On the other hand, the correlation matrix (Table 3) indi-
cates that for both tests, the RTs contribute more and hits
less, to the combined measure of efficacy. Thus, within tests
the correlation between RT and efficacy is quite high (» = .98
in STROOPm y r = .97 in CANUM; p < .01), explaining
practically 95 % of the common variance. And between tests
it remains high (r > .75; p < .01), which cannot be said for
the percentage of hits. This makes sense when considering
that, proportionally, few errors are made, even in the condi-
tions with most interference. In addition, and in line with
Kane and Engle’s (2003) approach, this result also suggests
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that the difficulty in both tests is due more to the attentional
control requirements than to the failure to maintain the goal
of the task. In this sense, therefore, both tests appear to offer
a sufficiently conflicting context (in terms of the proportion
of incongruent items), so that the difficulty mainly manifests
itself in processing speed. Hence, the degree of efficacy is
more related to response latencies (RT) than it is with the
hit-rate, which tends to remain quite high.

In any case, as can be also seen in Table 3, we confirm
that for the test as a whole, the latency and accuracy of the
responses, as distinct manifestations of processing difficulty,
do not maintain a simple inverse relationship. Correlations
between the percentage of hits and RT's are non-existent for
both tests, nor occur in any of the conditions. This is con-
sistent with the idea that difficulties in handling interference
can be reflected in a changeable way throughout the trials,
with miss-rates or delays in RT being predominant depend-
ing on each case. This result is endorsed by tresearch that
emphasizes the incidence of contextual factors in the succes-
sive processing of items. But, also, compared with isolated
measures of RT and response accuracy, it supports the value
of the combined measure of efficacy as a very valid index of
executive-attentional control, at least as a measure of overall
performance.

On the other hand, the results also cleatly reflect the ex-
pected relationship between CANUM and STROOPm with
the criteria of general intelligence and working memory (Hy-
pothesis 3), which assumes that interference management
plays a key role in executive capacity underlying the relation-
ship between these constructs (Table 4). In this respect we
first highlight the high correlation between the criterion
themselves (i.e., WMC and g factor). This serves to support
their consistency as such and corresponds to that found in
previous literature regarding their nature and their relation-
ship. The predictive capacity of the two tests also corrobo-
rates the validity of the measure of efficacy, especially against
the simple measure of accuracy. As can be seen, while all
correlations are significant, the highest correspond to
measures of efficacy (E) in both tests. Additionally, in line
with Hypothesis 3, the correlations tend to be even higher in
the CANUM test. However, given the equivalence in ob-
served significance levels (p < .01), the apparent advantage of
CANUM does not necessarily imply greater validity in refer-
ence to the underlying construct.

Table 4. Means (§D) in the criterion and Spearman correlations across various measures of difficulty in the STROOPm and CANUM tests (N = 128)

STROOPm CANUM
M (SD) RAVEN RST % Hits RT E Y% Hits RT E
RAVEN 43.2 (7.6) 348 - 46%F 52%% 25 S 57** O4F*
RST 25 (0.4) 62%* 15 -.02%F .65%* .05 - 59%* N
RxST 2.8 (0.5) 59%* 61K 22% - 45%F A48%* .13 - 52%* 56

*p < .05, % p < 0l.
Although less obvious, the trend is equally noticeable

with respect to the efficacy measure obtained in the particu-
lar interference conditions of each test. But perhaps what is
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striking here is that the magnitude of the correlations shows
no clear correspondence with respect to the level of interfer-
ence supposedly associated with each condition, not even in
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the measure of efficacy. On the contrary, it seems that in
both tests the neutral conditions tend to produce the highest
correlations, and the incongruent and the flankers the lowest.
That is, it seems that managing more demanding interference
levels is not more predictive of either criterion, g-factor or

WMC, as expected. In other words, interference manage-
ment itself does not appear to provide any special predictive
status when compared to performance under neutral condi-
tions.

Table 5. Spearman correlations between the criterion measures and the of efficacy measure (E) in the STROOPm and CANUM conditions (IN =128-124)

E STROOPm E CANUM
C N S 1 Nb Na Cs Is yi
RAVEN S0%* 54k S0F* S0F* G1H* 59%* S8H* GT#* S9#*
RST .65 .68 627 .60™ 61 62" L7 ST 53
RxST A7 47 AT 46~ S5 57 S22 S0 S22

This inconsistency, however, may be rather artificial,
when considering that these are global measures of interfer-
ence control. That is, they reflect the cumulative effect of the
set of items or trials in each condition, regardless of local
variations from trial to trial. This obviously conceals which
components of performance are most relevant to the ob-
served relationships between the criteria (WMC and g factor)
and each condition of congruence. As we have already not-
ed, both in latencies (dependent on the resolution of atten-
tional conflict) and in errors (presumably more linked to goal
neglect), there may be local variations in the demands —
related to the actual sequencing of congruent-incongruence
trials— conditioning the degree of relatedness between the
constructs, as well as in the measures (speed and accuracy) in
which that relationship is predominantly manifested (Egner,
2007; Kane & Engle, 2003). General measures, as aggregates
or averages of local performances, obscure or hide these
changeable influences trial-to-trial. In fact, it may be that the
relationship between WMC and attentional control is not
general, but instead rather selective and sensitive to change
(Meier & Kane, 2013). Specifically, when the set of items
contains a sufficient amount of conflict, the differences be-
tween high and low WMC participants in response accuracy
tends to be considerably reduced. This, in our case, would
explain the discriminatory and predictive weakness of this
measure, both in STROOPm and in CANUM. In a similar
vein, the contribution of control and memory aspects in pre-
dicting general fluid intelligence is also not very stable across
several studies (Chuderski et. al., 2012; Chudersky, 2014).

In short, the management of each trial may be influenced
not only by the level of interference associated with its con-
gruence condition, but also by the particular sequences in
which it is integrated. These sequences act as contexts that
may alter or modulate the difficulty encountered. Therefore,
the mean scores of accurate hits or response times, and thus
the combined measute of efficacy (E) they generate, do not
necessarily reflect in a "pure" way the associated intetference
condition. Thus the most demanding do not necessarily
prove more predictive of our chosen criterion measures,
general intelligence and working memory capacity (WMC).
On the contrary, precisely because neutral trials are them-
selves characterised by not involving any level of interfer-
ence, they may possibly be less susceptible to the influences

of the local sequences in which they occur. That is, the
speed-accuracy trade-off will be more stable or coherent
with these kinds of items, and perhaps for this reason the ef-
ficacy measure across neutral conditions tends to be some-
what more predictive of cognitive competence measures
than do the others.

Conclusions

Overall, therefore, the results obtained support the con-
sistency of the two tests studied, STROOPm and CANUM,
as reliable and valid measures of the executive-attentional
capacities that supposedly underlie Stroop tasks, at least in
terms of "efficacy” and in reference to global measures. But
even with respect to particular conditions, the efficacy meas-
ure has been relatively robust, consistently reflecting the dif-
ficulty attributable to the levels of interference supposedly
associated. In the case of CANUM, in addition, performance
may be considered a relatively independent measure of any
verbal factors, since it is based on a numetrical stimulus and a
manual response. In this sense, as we have seen, it most like-
ly involves other interference effects ("Simon" and "flanket"
types) that add to the basic Stroop effect, increasing its diffi-
culty. This is in fact what has occurred, reflected in higher
response times and lower overall efficacy in performance.

In predictive terms, however, the greater demands
CANUM sets on managing interference do not seem to im-
ply higher levels of predictive capacity for WMC and general
intelligence. Although somewhat smaller, correlations with
STROOPm were equally significant. In this respect, as we
have seen, what stands out is the predictive superiority of the
combined measure of efficacy, compared to the simpler
measures of accuracy and response latency. This is because it
is the measure that most consistently reflects the validity of
both tests, both in terms of construct validity as well as crite-
rion validity. In short, the efficacy of performance in both
CANUM and STROOPm is here revealed as a valid measure
of some central cognitive capacity that seems to undetlie
both tasks. And this central capacity, given the theoretical as-
sumptions on which it is based, probably appertains to exec-
utive-attentional control required in general by the innova-
tive or unfamiliar tasks and, in particular, those that are more
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demanding from a regulatory point-of-view under conditions
of interference.

In relation to our objectives, therefore, we have verified
the validity of CANUM, which makes it possible to value its
independent nature regarding verbal and reading competen-
cies. That is, unlike the Stroop task, CANUM is applicable
regardless of the language and reading capability of individu-
als. Thus, its potential across populations on which it can be
applied as a diagnostic and evaluation tool is cleatly greater.
This we understand as having a distinct advantage for its use
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Appendix I. Conditions, cases and items in the CANUM test.

Figure 1a. Types of CANUM conditions in reference to the dimensions in conflict, Number (N°) and Quantity (Q?)

Type of condition

included items Fxambles Description telative to the dimensions
P N°-Q* of the stimulus
Congruent Congruent + Simon  Cs 9x2=18 ﬁg : “SEZ ZEZ,, base N° occurs in the correct R option in
(N*=Q) Congruent + flankers  (f 3x2=6 “two ones” (error due to flankers) Q
Incongruent  Incongruent + Simon  Is 9x2=18 133 - “one thref base N° occurs in the incorrect R option
N° # QY Incongruent + flankers I 3x2=06 122 —“one two” / in Q*
“two twos” (error due to flankers)
Semi-neutral _ « ’ base N° does not occur in the R options,
N° # QY Na 12x2=24 132~ “one three but is within the range of Q" (1-4)
Neutral _ « ’ base N° does not occur in the R options,
(N° # Q9 Nb 12x2=24 152 —“one five not is within the range of Q* (5-8)
Total=96
Figure 1b. Matrix of cases in CANUM with the items selected in each condition
I(\; 1 2 3 4 5 6 7 8
112 cf 122 If 132 Na 142 152 Nb 162 172 182
1 113 Cs 123 133 Is 143 Na 153 163 Nb 173 183
114 Cs 124 Na 134 144 Is 154 164 174 Nb 184
2111 I 2221 G 2331 2441 Na 2551 2661 2771 2881 Nb
2 2113 Na 2223 ¢f 2333 If 2443 2553 Nb 2663 2773 2883
2114 2224 Cs 2334 Na 2444 It 2554 2664 Nb 2774 2884
31111 Is 32221 Na 33331 Cs 34441 35551 36661 37771 Nb 38881
3 31112 32222 Is 33332 Cs 34442 Na 35552 36662 37772 38882 Nb
31114 Na 32224 33334 C¢f 34444 If 35554 Nb 36664 37774 38884
411111 Is 422221 433331 Na 444441 Cs 455551 466661 Nb 477771 488881
4 411112 Na 422222 Iy 433332 444442 Cs 455552 466662 477772 Nb488882
411113 422223 Na 433333 Is 444443 Cs 455553 466663 477773 488883 Nb
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Appendix II. Conditions, cases and items in the STROOPm test.

Figure 2a. Types of STROOPm conditions in reference to the dimensions in conflict, word and color

Type of condition

items included

Description relative to the dimensions of stimulus (S),

color-word
Congrilent 12x2=24 red y ed green The S word occurs in the correct color R option
(color=word) (in red)
Incongruent 12x2=24 red red green The S word occurs in the incorrect color R option
(color # word) (in green)
Semi-neutral _ red blue green  The S word does not occur in the R options, even though it remains be-
24x2=48 . . o .
(colot # word) (in red) ing a name of a color within the range provided.
Neutral 12x2=24 red P olo green The S word does not occur in the R options, nor is it a name of a color.
(color # word) (in red)
Total=120

Figure 2b. Matrix of STROOPM cases with the items used across each condition

Xcif)dr red green yellow blue (neutral words)
red red green C  red green yellow S red yellow green S red blue green S redlbook yellow N
red red red yellow  C red green green I red yellow yellow I red blue red I red sleeve blue N
red red blue C red green blue S red yellow blue S red blueyellow S red crib green N
green red yellow S green green yellow  C green yellow red S green blue red S green well blue N
green green red red 1 green green red C  greenyellowyellow I greenblueblue I  green polo yellow N
green red blue S green green blue  C green yellow blue S green blue yellow S green mole red N
yellow recl green S yellow red S yellow red C  yellow red S  yellow blue N
yellow yellow rcc red I yellow green 1 yellow green C  yellow blue I yellow red N
yellow rec blue S yellow blue S  yellow blue C yellow green S yellow green N
blue red green S blue green red S blue yellow red S blueblueyellow  C  blue bank green N
blue blue red red 1 blue green green I blueyellowyellow I  blueblucgreen  C  blue hair yellow N
S S S C N

blue red yellow

blue oreen yellow

blue vellow green

blue blue red

blue finger red
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