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Abstract

An Ecological Validation of
the Child Attention Network Test (CANT)

in Korea

Jeong, Gyeongmi

Department of Education, Jeju National University, Korea

Supervised by Professor Song, Jaehong

In order to identify children’s attention problems and develop intervention programs,
it 1S necessary to use a valid and reliable attention assessment. This research
attempts to examine the ecological validity of the Child Attention Network Test
(CANT), which was developed based on the attention network theory and has been
widely used in various academic fields. By doing so, this study aims to build a
ground for further attention research and gain insights of how attention operates in
academic activities. To achieve the goals, Study 1 tests the item quality, reliability
and validity of the CANT with Korean samples in order to find out whether the
psychometric properties of the CANT would be replicated in samples with a different
cultural background. Study 2 examines the relationship between the performances in
the CANT and the mathematical word problem-solving in order to demonstrate the
generalizability of the CANT performance to that of mathematical word
problem-solving.

In Study I, 71 elementary students in grades one to six were sampled in a

province of Korea to take the CANT. Thirty-five students in grades four to six



among the sampled population took another performance-based attention test, FACT-
II-SR, and took the CANT 10 to 14 days later for the second time. Their parents
and homeroom teachers were asked to rate their attention-related behaviors on
KADHDDS or K-ADHDRS-T. Analysis of item discrimination and validity were
conducted to test the quality of the items. Reliability was examined by calculating
Cronbach’s alpha, the split-half reliability test, and the test-retest reliability test.
Validity was tested in terms of its concurrent validity. As a result, the items of the
CANT appeared valid and contributing to the test’s discrimination. The reliability of
attention network scores ranged from insufficient to excellent. Some of the CANT
scores showed significant correlations with the scores acquired from the -criterion
measures.

In Study 2, 31 students in grades five to six in a province of Korea were sampled.
They took the CANT and solved mathematical word problems. In order to see the
CANT’s predictive power on the math performance, Pearson correlation analysis,
hierarchical regression analysis, and visualizing the performance patterns were
performed. It was found that the accuracy on the CANT predicted the accuracy on
the mathematical word problem-solving. It also predicted the speed of mathematical
word problem-solving mediated by the computation skill. Although alerting, orienting,
executive control networks did not appeared to significantly predict the performances
on the word problems with irrelevant information and inconsistent relational terms,
the attention network scores showed significant correlation with them. Additionally,
the accuracy and speed pattern of the CANT appeared similar to that in the
mathematical word problem-solving. These results imply that the CANT is an
ecologically valid measure, thus increasing its usefulness in school settings.

This research contributes to building ground for further attention research by
testing the CANT’s psychometric properties in Korea. The results indicate that the
CANT consists of valid and discriminable items and is a valid measure. Some of the
network scores are reliable, whereas other scores are required some improvement in
their consistency. The results also demonstrate that the CANT performance
represents the performance in mathematical word-problem solving. Therefore, it could

be concluded that the CANT is an ecologically valid attention measure, which can be



employed in Korea and educational settings. Further research would continue to
validate the CANT and come up with ideas to improve its reliability. Moreover,
based on the insight, how the attention networks impact students’ school adjustment

should be examined in more depth and in more various school fields in the future.
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I . Introduction

1. Research Background

Since attention plays a crucial in the learning process, many researchers
and clinicians have developed and validated various attention assessments for
students in Korea. Especially, as inattentiveness rather than hyperactivity and
impulsivity appeared to significantly predict the lower academic achievement
of ADHD students than their normally developing peers (Jaekel, Wolke, &
Bartmann, 2013), a sound attention measure that can diagnose inattentive
symptoms and evaluate the effects of intervention programs has been
demanded in the academic field and educational settings. As a result,
researchers and clinicians in Korea have validated several attention
assessments developed in other countries. For example, Oh and Lee (1989)
validated the Conners Rating Scale-Short Version in Korea, and Choi, Kim,
and Park (1994) validated the Test of Variables of Attention (T.0.V.A)
among Korean samples. Since these attempts, other attention measures such
as Attention Deficit Disorder Evaluation Scale-School Version and ADHD
Rating Scale have been validated in Korea (Bae et al., 1997, So et al., 2002).
Furthermore, other researchers, such as Kim and Kim (2008), have developed
new attention assessments for students. These assessments have been utilized
in studies to discriminate students with attention problems and test the
effects of attention intervention programs (Jeong & Song, 2019).

However, findings from a meta-analytic review on psychometric properties

of attention measures in Korea indicated that there should be caution in using



attention measures. According to Jeong and Song (2019), the test-retest
reliability of performance-based attention measures such as T.0.V.A reached
the level of clinically acceptable, and the effect size of concurrent validity
was small. Considering the frequent uses of performance-based tests such as
the Continuous Performance Test (CPT) in academic fields and clinical
settings, the result leads to concern. They also mentioned that they had failed
to find enough studies on the development of attention assessments reporting
multiple reliability and validity indices. Therefore, it would be a valuable
work to find another performance-based attention measure and test its
validity and reliability among Korean students.

Recently, attention has been studied from the neurocognitive perspective
(Jeong, Song, & Kim, 2019). In the early years of attention literature,
experimental psychological tests were used in attention research since Welford
(1952) had found the bottleneck phenomena in the process for two
consecutive signals resulting in a response time gap (Styles, 2006). Later,
studies on patients with brain damage and the development of brain imaging
methods took attention research to the next step. Many researchers have
been utilizing neuropsychological tests and brain imaging technologies to
uncover particular brain structures and pathways related to attention. This
transition in attention literature led researchers to develop attention measures
based on the neuropsychological results (Fan et al, 2002; Mirsky,
Pascualvaca, Duncan, & French, 1999; Posner & Petersen, 1990).

Among the attention measures taking the neuropsychological approach, the
Attention Network Test (ANT) has gained attention in the literature. It was
developed based on the attention network theory suggested by Posner and
Petersen (1990). According to the theory, there are anatomically independent
structures of attention networks from other cognitive processing systems. The
network consists of structures of alerting, orienting, and executive control.

They are independent from each other but operate interactively. Later, Fan et



al. (2002) developed the ANT by modifying a flanker task and a signal
detection task, which had been found to activate the attention networks.
Rueda et al. (2004) revised the ANT into a more child-friendly, and named
it as the Child Attention Network Test (CANT). The tests have been used in
many neuropsychological studies and genetic studies, thus expanding the
attention literature (MacLeod et al., 2010).

The ANT and the CANT have been used in studies in Korea. Kim (2019)
assessed the orienting attention of people with sluggish cognitive tempo
through the ANT. Song (2007) analyzed the instability of the attention
networks of schizophrenic patients. Kim & Youn (2013) used the CANT
investigating the difference in preschooler’s attention according to their gender
and cognitive style. Even though the ANT has been contributed to many
academic fields, it has not been employed in Korea as frequently as in other
countries. Furthermore, the CANT has not been often used in studies, thus
leading to further investigation for its utility.

One of the reasons for the infrequent usage of the CANT 1is that its
psychometric properties have not been thoroughly investigated. In order to
assure the soundness of a measure, multiple psychometric properties have to
be continuously examined. Validity shows how well a test measures what it
is supposed to measure (Cohen, Swerdlik, & Sturman, 2013). The evidence of
the wvalidity of a test can be found through construct validity analysis,
concurrent validity analysis, and factorial validity analysis. The CANT’s
validity has been tested in terms of its test design. According to Rueda et al.
(2004), the effects of the cue and flanker manipulation were valid, resulting in
different response times and accuracy. However, no studies have investigated
the CANT’s other validity, such as concurrent validity and predictive validity.
Reliability refers to the consistency of the test result. Internal consistency and
stability of the result are some of the reliability evidence. Rueda et al. (2004)
reported the split-half reliability of the CANT ranging from .02 to .94 and



found out no significant correlations between the original scores and the
scores measured 6.5 months later. Individual item should be assessed in terms
of its contribution to the test. The items of the CANT, however, have not
been examined in previous studies. On the other hand, the ANT’s
psychometric properties have been tested in many ways. Its validity has been
investigated in neuroimaging studies as well, supporting the existence of
three attention networks (Fan et al, 2005). The split-half reliability of the
ANT was tested in multiple studies (MacLeod et al., 2010), and there have
been attempts to improve the ANT’s test-retest reliability (Wang, Fuchs, &
Fuchs, 2016). In Korea, only Lee et al. (2017) examined the ANT’s test-retest
reliability with schizophrenic patients. No studies attempted to test the
psychometric properties of the CANT in Korea, thus requiring further
investigation.

Meanwhile, there has been an increasing demand for ecological validity
evidence for neuropsychological tests (Chaytor & Schmitter-Edgecombe, 2003).
Ecological validity refers to the extent to generalize the results acquired in a
condition to other conditions (Korean Educational Psychology Association,
2014). If the outcome of a test can not be reproduced in different contexts
and transferred to other settings, the test would be determined ecologically
invalid.

Chaytor and Schmitter-Edgecombe (2003) have identified two methods to
evaluate the ecological wvalidity of a test: verisimilitude and veridicality.
Verisimilitude shows how much a test’s cognitive demands resemble those in
real-life environments. Cognitive tests involving experimental tasks that
simulate real-life tasks can be considered ecologically valid in this respect.
The Rivermead Memory Test which assesses memory by requiring test
takers to associate names with faces and remembering appointments is an
example of a verisimilarly valid test. However, since this approach aims to

identify people struggling in everyday life regardless of the reasons for the



struggle, it might fail to detect the precise sources of real-life problems and
identify people performing properly in everyday life but still neurocognitively
impaired. On the other hand, veridicality refers to the extent to which
everyday functioning is associated with the result of a test conducted in a
controlled environment (Ready, Stierman, & Paulsen, 2001, Wallisch, Little,
Dean, & Dunn, 2018). Neuropsychological tests often happen in laboratory
settings with artificial stimulus sampling only a small portion of behaviors
from the test takers. Therefore, it 1is wvital to demonstrate the
representativeness of the test situations and stimulus and the generalizability
of the test performance to real-world functioning. Veridicality is tested by
examining the relationships of test performances and real-world performances
such as employment status (Chaytor and Schmitter-Edgecombe, 2003). Since
these ecological questions are of great interest to examinees and examiners,
neuropsychological tests are demanded to be evaluated their ecological validity
(Chaytor and Schmitter-Edgecombe, 2003; Kibby, Schmitter-Edgecombe, &
Long, 1998).

The reproducibility of the test result across different cultures is another
aspect of the ecological validity of a test. When researchers try to utilize a
test that was developed within a culture, its psychometric properties in the
target population with different cultural backgrounds should be ensured. It is
because individuals’ experience highly depends on the culture they belong to,
and psychological constructs are likely to be influenced by the culture
(Mushquash & Bova, 2007). Cognitive tests could yield different results
among populations with different cultural backgrounds due to the differential
familiarity with testing methods (van de Vijver & Tanzer, 1997). For
example, technical equipments other than paper—and-pencil could result in
cross—cultural differences due to unexpected variables such as curiosity. In
addition, test stimulus and response procedures could cause confusion in some

cultures (van de Vijver & Tanzer, 1997). Because of these culture-sensitive



factors, test results can be biased.

Furthermore, some cognitive tests favor test takers from a certain cultural
group. Aboriginal children showed lower performance on the Wechsler
Intelligence Scale for Children (Mushquash & Bova, 2007). Chinese children
showed a better performance in visuospatial processing than Greek children
due to Chinese children’s extensive visuospatial practice in learning to write
their mother tongue (Demetriou et al., 2004). Valencia, Suzuki, and Salinas
(2002) examined 62 studies investigating IQ of White and minority ethnic
groups and found out that 30% of the studies showed culturally biased
psychometric properties of intelligent tests, although 709 of the examined
studies yielded non-biased findings. Therefore it is necessary to conduct a
psychometric analysis before using a test for a cultural group that is different
from the group the test was initially intended for.

The ecological validity of the CANT and the ANT have not been under
investigation. In order to maximize the utility of the CANT, its ecological
validity needs to be examined in a variety of settings. Since it was devised
in another country for children with a different cultural background, it is
necessary to see if the test yields the expected outcome in Korea as well.
Although the CANT does not include any linguistic information during the
experimental blocks, the manipulation of stimulus, cues, and flankers requires
to be validated in Korean settings. In addition, reliability should be assessed
before its use with different populations because the familiarity of test
formats and instructions can be sources of test errors (American Educational
Research Association, American Psychological Association, & National Council
on Measurement in Education, 2014).

The veridical validity of the CANT also needs to be tested. As CANT taps
the attention networks during the test, the performance of it should be able
to make inferences on cognitive performances involved 1in academic

achievement. Attention operates in the process of encoding and retrieving



information. It also has an influence on saving and manipulating information
in the working memory (Long, Kuhl, & Chun, 2018). While learning, students
need to allocate the right amount of attention resource to the most important
stimulus and reduce the amount of attention for completing a task by
automatizing necessary skills (Brunning, Schraw, & Norby, 2011). Therefore,
students with attention deficits are expected to demonstrate difficulties in
their learning process.

Especially, Mayer (1980) has described how attention influences
mathematical problem-solving. He suggested that problem solvers go through
four phases during the mathematical word problem-solving, of which each
phase requires problem solvers to choose only relevant information while
suppressing irrelevant information. Although he did not provide quantitative
evidence for attention operation during mathematical problem-solving, other
researchers have been attempting to demonstrate the relationship between
attention and mathematical achievement (Anobile, Stievano, & Burr, 2013;
Ansari, Lyons, van Eimeren, & Xu, 2007). It indicates that attention measures
for children should be able to predict mathematical problem-solving to be
considered ecologically sound.

Neuropsychological tests were developed to detect brain lesions and identify
specific brain structures and their unique functions during cognitive tasks
(Chaytor and Schmitter-Edgecombe, 2003). The CANT and the ANT have
been proved to effectively activate the distinctive brain structures related to
attention networks (Fan & Posner, 2004). Therefore, it is natural to ask if the
performance in this laboratory task with the artificial stimulus in a controlled
experimental setting would represent the performance in the real world, in
this study, in the educational situation. A meaningful relationship between the
performances in the two different settings would demonstrate the CANT’s

representative nature to the real world.



2. Purpose and Research Questions

This study aims to test the ecological validity of the CANT in Korean
elementary students. Since ANT has gone through several psychometric tests
in multiple cultures, it will be meaningful to investigate whether the CANT
shows consistent and valid psychometric features in Korean samples.
Furthermore, its predictable power on mathematical problem-solving would
increase its ecological validity demonstrating its utility in educational settings.
By achieving the goals, this study would contribute to the academic field and
educational settings by providing a valid and reliable attention measure and to
expanding attention research to developmental psychology and educational

psychology. The research questions are as follows:

Research Question 1: How valid is the CANT psychometrically in the setting
of Korean elementary school?
Research Question 2: Does the CANT account for individual differences in

mathematical word problem-solving?

3. Definitions of Terms

1) Attention

Attention 1s a cognitive resource needed in selectively perceiving and
consciously processing information. It consists of obtaining and maintaining
the alerted state of mind, orienting specific stimuli relevant to the task goals,

and resolving cognitive conflict.



2) Attention Network

Attention network refers to the network between anatomically independent
localized brain structures that operate interactively in attention—needed tasks.
There are three attention networks, which are alerting, orienting, executive
control networks. Alerting is to create and maintain an optimally alerted
mental state in order to perceive and process stimuli or information. Orienting
1s to select and locate specific stimuli and shift attention to them, excluding
distracters. Executive controlling is to consciously focus attention on the

goal-driven stimuli resolving conflicts.

3) Ecological Validity
Ecological validity refers to the extent to which a test score can predict the
performances in different settings, such as in different cultures or

non-experimental situations.

4) Ttem and Item Quality

Item refers to the combinations that resulted from the cue types and
flanker types in the CANT. Since there are four cue types and three flankers
types in the CANT, 12 different items are yielded in this study. Item quality
refers to the validity of each item in relation to the test. In this study, item
quality is defined in terms of two aspects of each item. First, it is defined as
the degree of correlation of the response time and accuracy of each item with
those of the test. Second, it is defined as the degree of cue and flanker

manipulation effects on the response time and accuracy of the individual item.

5) Validity
Validity refers to the degree of how well a test measures what it is
supposed to measure (McCowan & McCowan, 1999). In this study, validity is

defined as the degree of correlation between the scores of CANT and the



criterion tests.

6) Reliability

Reliability refers to the degree of consistency and stability of a test score.
In this study, it is defined as the internal consistency assessed by Cronbach’s
alpha and as the correlation between the scores of CANT across three test
blocks. It is also defined as the correlation between the test scores measured

at two different times.
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IT. Literature Review

1. Attention

Although attention is used by anyone but hard to define (Lee & Park, 1998;

Styles, 2005). William James, the founder of modern psychology, stated:

“Everyone knows what attention is. It is the taking possession by the mind in clear and
vivid form, of one out of what seem several simultaneously possible objects or trains of
thoughts. Focalization, concentration of consciousness are of its essence. It implies withdrawal
from some things in order to deal effectively with others, and is a condition which has a real
opposite in the confused, dazed, scatterbrained state which in French is called distraction, and
Zerstreutheit in German”.

(James, 1890: pp.382-383)

Attention was not the main topic for researchers in the behaviorism era due
to its invisibility. However, it emerged as the main research topic in the
1950s, during which information processing theory began to dominate the
academic field of psychology. Since then, many researchers have tried to
define attention as a part of information processing.

The development of information processing theory, along with rigorous
psychological experiments, formed the current definition of attention.
Broadbent’s filter theory of attention is based on the single-channel approach
to information processing, explaining that attention plays a role as a filter or
a bottleneck somewhere in the information processing chain to prevent from
overloading of stimuli to be processed (Broadbent, 1958: as cited in Hancock,

Oron-Gilad, & Szalma, 2007). Whereas Broadbent focused on the structural
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limitation in the process, Kahneman (1973) suggested attention in terms of
cognitive capacity. He suggested that a certain degree of processing capacity
could be allocated to a task, thus perceiving processing capacity as pools of
energy. Humans need to allocate a certain amount of mental resources, i.e.,
attention, to a target stimulus due to the limited amount of cognitive capacity
they possess. In this context, Brunning et al. (2011) defined attention as
deploying cognitive resources to a currently working task appropriately.
Anderson (2011) defined attention as a potential process of allocating
cognitive resources in need of competitive information processing. Das (2002)
suggested that attention was a mental process by which a person registers
important stimuli and resists irrelevant information. Sheridan (2007) defined
attention as the focusing of sensory, motor, and mental resources on aspects
of the environment to gain knowledge. However, he admitted that he could
not explain what “focus” really means in the nerve system. These definitions
see attention as mental fuel for guiding the information process to a target
outcome (Bruning et al., 2011, Lee & Park, 1998). Although there are still
ongoing arguments of whether it is a single resource to be allocated or
multiple resources distributable to different aspects of stimuli at once
(Hancock et al, 2007), the conceptions of attention as a kind of energy or as
a structural filter have greatly contributed to defining attention.

Attention 1s also considered as a voluntary control exerted over a more
automatic brain system (Posner & Petersen, 1990). In this view, attention is
regulating multiple brain networks by attentional networks associated with
maintaining the alert state, orienting, or resolving conflict (Posner & Rothbart,
2007). Some behaviors might not accompany attention, therefore called
automatic actions, while novel actions required to prevent habitual actions
demand deliberate attentional intervention. This approach focuses attention
during the process of planning, initiating, and executing actions (Norman &

Shallice, 1980). Allport (1987) and Neumann (1987) conceived attention as an
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agency for selecting for action (cited from Wu, 2014). Attention in the control
of action driven by goals and instructions is a growing research area in
attention literature (Styles, 2006).

Meanwhile, Wu (2014) conceptualized attention from multiple perspectives.
His first approach is the function—centered approach. On this approach, he
defined attention based on what attention is for. That is, attention functions
as a filter for information for further processing, binding features in
representing objects, a spotlight highlighting its target, and selecting targets
for memory, consciousness, or action (Wu, 2014). The second approach is a
mechanism-centered approach in which the emphasis is on the nature of the
process of selection. In this approach, attention is something that emerges
from competition for limited resources and in the process of preparing a
motor response. At a more concrete neural level, attention is the modification
of neural signals, and alerting the brain area to which a neuron responds
(Wu, 2014). The third approach is the phenomenology—-centered approach. On
this approach, attention is considered as a gatekeeper for selection for action
rather than as a distinctive way of consciousness. He claims that attention is
conscious to the extent, although there is much work to be done to support
the notion (Wu, 2014). In conclusion, attention can be defined as a mental
operation in information processing, which includes selectively perceiving,
consciously processing, and taking action to stimuli. It is necessitated by a
limited processing capacity.

Although researchers defined attention differently, they have reached an
agreement that attention is not a unitary construct but an umbrella term
indicating multiple aspects of cognitive operations (Mirsky et al., 1999; Styles,
2006). Kim and Kim (1999) summarized six attentional components, which are
alertness, neglect, focused attention, divided attention, sustained attention
(vigilance), and executive control of attention. Alertness is the most basic

condition to maintain attention. It is a condition of the central nervous
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system, which affects general reactions to stimuli. Neglect is a phenomenon
caused by a disruptive function of spatial attention resulting in failure to
perceive and respond to stimuli in the contralesional field (Gabrieli,
Whitfield-Gabrieli, 2007). They first introduced selective attention and divided
it into two categories: focused attention and divided attention. Selective
attention is the ability to pay attention intentionally to a stimulus among
multiple stimuli presented at the same time or a certain aspect of a stimulus.
Focused attention determines the vector of attention, whereas divided
attention determines the amount of attentional capacity allocated. Sustained
attention is the capability to maintain the state of attentiveness for a certain
period of time. Executive control of attention is the ability to inhibit the
response to irrelevant stimuli, decide when to shift attention to a different
environmental aspect, and determine the order of responses.
Neuropsychological approaches tried to reveal the mechanism of attention in
the brain, thus suggesting procedural components of attention when it is
operating. For example, Pribram & McGuinness (1975) proposed three
separate but interacting neural systems of attention: arousal, activation, and
effort. Arousal is defined as a phasic physiological response to stimuli. The
activation is defined as a tonic physiological readiness to respond. Lastly, an
effort is demanded to coordinate arousal and activation. Mirsky et al. (1999)
considered attention as a set of processes supported by different brain regions
that compose a particular system for multiple attentional functions:
focus/execute, sustain/stabilize, shift, and encode based on the result of a
factor analysis of neuropsychological test data. Focus/execute refers to the
ability to focus attentional resources inhibiting non-relevant stimuli.
Sustaining refers to the capacity to stay on task vigilantly for an appreciable
time. Attention shift refers to shifting attentional focus from one aspect of a
stimulus to another flexibly and efficiently. The last component is to encode,

which refers to a mnemonic capacity to keep information in mind for a brief

_14_



time while performing some action or cognitive operation on it.

Knudsen (2007) suggested four fundamental process components to
attention: working memory, top—-down sensitivity control, competitive selection,
and bottom-up filtering for salient stimuli. According to him, filtering for
salient stimuli refers to selecting information based on their distinctive
properties that are likely to be important. This is often called bottom-up
attention. Competitive selection occurs to select information for later
representation and entry to working memory. In this process, the strength of
signals 1s compared, and the effects of distracting stimuli are eliminated.
Working memory stores a limited amount of information for a short time.
Evaluating and manipulating the stored information take place for decision
making and planning for actions. The information of the attended stimuli
enters working memory and 1is represented and processed. Top-down
sensitivity control occurs to improve the quality of the information that is
being processed during competitive selection and working memory. The
mechanism for this process involves eye movements and other orienting
behaviors. As outlined, attention is an overarching term indicating multiple
cognitive elements. The components of attention suggested by researchers are

summarized in Table 1.
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Table 1

Components of Attention

Selective

Sustained

Divided

Attention

Attentional

Components Alertness Attention Attention Attention Shift Control Others
Pribram & o o o
McGuinness (1975) (arousal) (activation) (effort)
o o PY
Kim & Kim (1999) o (focused [ ) o o (executive
) (neglect)
attention) control)
) o o [
Mirsky et al (1990) (focus/execute)  (stabilizing) o (encode)
o o
Das (2002) (selection & [ ) (resisting
focusing) distraction)
o o
o (top~down (working memory
Knudsen (2007) (competitive o ] ’
selection) sensitivity automa.tlc .
control) bottom-up filtering)
Atkinson, Braddick,
& Breckenridge [ ) [ ) o
(2010)
Mahon & Schneider
(2012) ® ® ®
Petersen & Posner P o
(2012) (orienting)
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2. Attention Network Theory

One of the most prominent theories of attention is the attention network
theory suggested by Posner and Petersen (1990). The theory was inspired by
Hebb’s network view (Petersen & Posner, 2012; Posner & Petersen, 1990;
Posner & Rothbart, 2007). Hebb and Hebb (1949) suggested the cell assembly
theory and the concept of phase sequence, which is involved in the
coordination of multiple cell assemblies underlying human thoughts, feelings,
and actions. He further argued that activity flow in a set of interconnected
neurons represented psychological event, sensation, expectation, emotion, or
thought (Posner & Rothbart, 2007). Taking this network approach, Posner and
Petersen (1990) suggested the attention network theory to explain attention,
the cognitive psychological phenomenon, in the integration with neuroscience.

Empirical evidence contributed to the development of the theory. Behavioral
studies of normal adults and patients with varying forms of brain injuries
supported the theory. For example, initial imaging studies that observed the
brain activity with positron emission tomography showed, patients with
lesions centered in the superior temporal gyrus could regulate attention
allocation to global and local levels, while patients with lesions in the rostral
inferior parietal lobule could not (Robertson, Lamb, & Kight, 1988). Research
findings from galvanic skin responses in humans and monkeys, heart rate
responses to warning signals, cerebral blood flow, and metabolism involving
vigilance tasks provided a uniform implication about the role of the right
hemisphere in attention (Posner & Petersen, 1990). Such accumulated
empirical evidence has been devoted to the development of the theory.

New methodologies advanced the theory. Neuroimaging technologies

provided the discrete anatomical basis of the attention system. The mapping
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of the human genome contributed to an increased understanding of individual
differences in the efficiency of the attentional system (Posner & Rothbart,
2007). The development of research methods is expanding attention research
in the field of cognitive psychology and the field of developmental psychology,
physiology, and genetics.

According to the attention network theory, attention is regarded as an
organ system with its own anatomy, circuitry, and set of functions (Fan &
Posner, 2004). Attention network is anatomically separate from other systems
for information processing, such as encoding incoming stimuli, making
decisions, and producing outputs, although they still interact. There are three
networks within the attentional network, which are anatomically independent
brain areas from each other. They carry out a different set of attentional
processes, though operate in an interactive manner in tasks requiring
attention.

Attention network can be subdivided into three networks: alerting, orienting,
and executive control networks (Fan et al, 2009; Petersen & Posner, 2012;
Posner & Rothbart, 2007). Alerting is achieving and maintaining a state of
vigilance to prepare for later processing and to optimize performances.
Alerting can be divided into phasic alertness and tonic alertness. Phasic
alertness is the ability to increase response readiness to an incoming stimulus
following a warning signal. Tonic alertness is the ability to stay wakeful and
aroused during rather a long boring task. The alerting network is lateralized
to the right hemisphere, associated with thalamic, frontal, and parietal regions
of the cerebral cortex. Norepinephrine (NE) is known to influence the
operation of the network.

Orienting refers to the selection of information from sensory inputs. It
includes a rapid or slow attention shifting among objects within a sensory
modality or among multiple modalities. Attention shifting consists of three

basic operations: disengaging attention from its current focus, moving
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attention to a new target, and engaging attention at the new target (Berger
& Posner, 2000; Fan et al.,, 2009). When orienting is accompanied by head or
eve movements toward the target, it is overt orienting. On the other hand, if
it does not involve any movement of the head or eyes, it is referred to as
covert orienting. Sometimes a sudden target event can direct attention to its
location (exogenous orienting or reflexive orienting), while a more voluntary
orienting can occur locating for a target (endogenous orienting). Orienting is
associated with specific brain structures such as the superior parietal lobe,
temporal parietal junction, and the frontal eye fields. It is modulated by the
neurotransmitter acetylcholine (Posner & Rothbart, 2007).

The executive control network deals with a more complex operation. It is
involved in monitoring and resolving conflicting thoughts, feelings, and
responses. It is related to the control of goal-directed behaviors, target
detection, error detection, inhibition of automatic responses, overcoming
habitual responses, and executing a novel or not well-learned response. Thus,
executive attention moderates the activity of sensory, cognitive, and emotional
systems (Berger & Posner, 2000; Peterson & Posner, 2012). Brain areas of
anterior cingulate, lateral ventral, prefrontal and basal ganglia are associated
with the executive attention operation. The neurotransmitter dopamine
modulates the operation of it (Posner & Rothbart, 2007).

The three attentional sub—networks are structurally distinct networks with
different functions, however, they interact among themselves. To process
information deeply in real-world situations, manipulating and maintaining the
alerted state, orienting sensory or mental focus to the target information, and
top—down attentional control should operate simultaneously. Correlations
between the effects of three networks have been detected in experiments
(Callejas, Lupianez, Funes, & Tudela, 2005; Fan et al., 2009). The research
findings suggested that depending on the condition, alerting can exert a

negative influence on executive attention and facilitate the orienting network.
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Orienting facilitates executive attention (Gallejas et al., 2005; Ishigami &
Klein, 2009). However, there is still much to learn about the interplay among
them.

There are individual differences in the ability to attend. Differences in the
efficiency of alerting, orienting, and exXecutive attention networks were
detected among individuals (Fan et al., 2002; Ishigami & Klein, 2009; Rueda
et al.,, 2004). Neuroimaging evidence showed significantly different activation
in the brain areas associated with the networks between people. Variations in
genes related to the neuromodulators such as dopamine for executive
attention appeared to contribute to the risk of developing attention—deficit
related disorders (Fossella et al., 2002). Considering that the dopamine 4
receptor gene interacts with parenting styles, environmental factors also play
a role in attentional development. This implies that intervention programs
could improve the efficiency of attentional networks since the genetic and
environmental factors continue to influence throughout adulthood (Larsen et

al., 2010).

3. Measuring Attention

As attention can not be simply defined, it is not easy to assess.
Furthermore, a single event in real-life situations mostly includes several
aspects of attention operating interactively and simultaneously. Therefore,
many researchers have tried to test attention as a unitary construct, while
others have attempted to find ways to manipulate tasks tapping each
component of attention.

Assessment of attention can be divided into three categories: behavior
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rating scales, performance-based tests, and structural interviews (Jeong &
Song, 2019; Mahone & Schneider, 2012). Rating scales require participants to
quantify the frequency or degree of their attention-related behaviors in
various life situations. If it is a child whose attention is being assessed,
parents and teachers are asked to rate his or her behaviors. On the other
hand, performance-based measures require participants to respond to
attention—needed tasks, yielding performance data on accuracy and response
time. Structural interviews are conducted by licensed clinicians asking
structured questions and observing interviewees behaviors. It is encouraged
to use all three types of attention measures to obtain a comprehensive
understanding of one’s attention for clinical uses.

Performance-based attention measures have some advantages over the
other types of assessment. They minimize the influence of raters’ bias on the
performance by applying tests directly to participants. It is also possible to
employ neuroimaging methods during attention tasks so that researchers can
get a clear picture of the blood flow or electrical activation occurring in the
brain. Also, they are easy to administer in various settings (Nichols &
Waschbusch, 2004). Especially, computerized tasks yield a millisecond—unit
respond time result enabling testers to measure constructs that are detectable
only at a subtle level. These benefits led researchers to developing
performance-based attention tasks.

The most frequently used performance-based attention measure is the
continuous performance test (CPT) (Mirsky et al, 1999). It was initially
developed by Haldor Rosvold, one of the pioneers in attention literature, who
served as a psychologist in the Canadian Army in World War II. He noticed
attentional problems occurring to the frontal lobes—injured soldiers and
devised the CPT to assess their attention (Mirsky et al., 1999). The CPT
requires subjects to watch a visual display for a designated time and press a

response key whenever a target appears. The original form of the CPT has
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been modified by researchers later on. For example, in the original version,
subjects were given an X as a target to respond. In contrast, in the later
versions, subjects are required to respond to a non-literate stimulus, a
degraded version of X, an X following an A, or auditory stimuli. The CPT
measures have been used by researchers as well as clinicians (Mirsky et al.,
1999; Nichols & Waschbusch, 2004)

Not only the CPT, but there are also other assessment paradigms of
attention. Visual cancellation tasks require subjects to locate and mark the
targets among a visual array as quickly as possible. Digit span measures
require subjects to recall series of numbers forwards or backward. In Delay
of gratification tasks, experimenters present subjects, usually children, with an
attractive toy or snack and instruct them to wait until the experimenter
permits them to either play with or eat the target, thus measuring inhibitory
control (Mahon & Schneider, 2012; Nichols & Waschbusch, 2004).

The Attention Network Test (ANT) was developed to test the efficiency of
the attentional network. A cued detection task and a flanker task were
combined with some manipulation on cue presenting and flanking. The
efficiency of the alerting network is assessed through a cued detection task
accompanying warning cues. It assumes that the warning cues prior to a
target enhance the response speed. Orienting is measured by manipulating a
cue indicating where the target is likely to occur, thus directing attention to
the cued location. In order to assess executive attention, a flanker task was
employed in which incongruent flankers, that 1is, conflicting distracters,
sometimes appear around the target requiring participants to resolve the
conflict (Fan et al., 2002; Petersen & Posner, 2012; Posner & Rothbart, 2007).

Psychometric properties of attention measures such as reliability and
validity have been evaluated in many ways. Reliability is the consistency of
the assessment scores among items, times, and examiners (Cohen et al.,

2013). Rating scales assessing attention-related behaviors have been estimated
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using consistency measures such as Cronbach’s alpha, split-half reliability,
test-retest reliability, and inter-rater reliability. Cronbach’s alpha of rating
scales that were developed or validated in Korea appeared to be excellent.
Test-retest reliability of performance-based attention measures such as CPT
and FACT ranged between .17 and .92 (Jeong & Song, 2019). This result is
in line with CPT measures’ reliability ranging between .14 and .94 (Ogundel,
Ayyash, & Banerjee, 2011).

Validity shows how well a test measures what it is supposed to measure
(Cohen et al, 2013). Assessments of attention have been tested on their
validity in terms of content wvalidity, concurrent validity, and construct
validity. Concurrent validity of rating scales of attention in Korea appeared to
show a high correlation with other criterion tests, whereas performance-based
attention measures showed a low correlation with criterion tests (Jeong &
Song, 2019). This result is consistent with the result of studies where various
laboratory attention measures were reviewed in terms of their validity
(Nichols & Waschbusch, 2004). The CPT appeared to show a moderate
correlation ranged between .23 and .41 with criterion measures. It appeared to
effectively discriminate ADHD children from normal equivalents. Although
there is no ground rule for the minimum level of concurrent validity
estimates, the low to moderate level of concurrent validity of
performance-based attention measures led researchers to advise to use them
along with other attention measures with caution (Nichols & Waschbusch,
2004).

The reliability of the ANT and CANT have been tested in earlier studies.
Split-half reliability of the ANT was initially reported as .52 for alerting, .61
for orienting, .77 for executive control (Fan et al., 2002). MacLeod et al.
(2010) collected split-half reliability data of 1,141 participants in 15 unique
studies of healthy individuals and yielded reliability estimates of .65 for

executive control, .32 for orienting, and .20 for alerting. The split-half
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reliability of CANT in Rueda et al. (2004)’s study was .59 for executive
control, .02 for orienting, and .37 for alerting, whereas it was .94 for overall
response time and .93 for error rate. Test-retest reliability of alerting,
orienting, and executive control scores in the ANT ranged between .35 and
80 (Wang et al, 2015). However, Rueda et al. (2004) found no significant
correlations between the original scores and their repetition which were
measured 6.5 months later. Reliability of the ANT has been reported to be
high for orienting and executive control and moderate for alerting in the
study with schizophrenic patients and moderate for all the three networks for
healthy controls in Korea (Lee et al, 2017). The CANT has been used in a
study with samples of young children aged 4 to 5 in Korea, but any
reliability estimates have not been reported, thus demanding a further attempt
to test its reliability (Kim & Youn, 2013).

The wvalidity of the ANT has been well-outlined in previous studies,
whereas the CANT’s validity can be inferred from the validity estimates of
the ANT. Since the flanker test and the cued detection task, which are
combined in the ANT, are well-established psychometric measures, the face
validity has been considered as satisfactory (MacLeod et al, 2010).
Neuroimaging studies have supported the presence of three attention networks
activating different brain regions (Fan et al., 2005, Posner & Rothbart, 2007).
The effects of cue and flanker manipulation corresponded with what they had
been expected (Fan et al., 2002). A significant main effect of cue type and
flanker type on the response time was found in the CANT (Rueda et al.,
2004). Other than this, however, the validity of the CANT has not been
tested explicitly.

The ecological validity of the CANT has not been examined in previous
studies. Although CANT has been used in studies with samples from Korea,
Ireland, and Norway, none reported any psychometric properties of the tool.

Hence it is not clear whether the tool shows similar psychometric properties
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in different cultures other than the U.S. in which the CANT was initially
developed and validated in Rueda et al. (2004)'s study. In addition, no
significant differences in the efficiency of attentional networks have been
found between ADHD children and typically developing children (Adolfsdottir
, Sgrensen, & Lundervold, 2008), which indicates the inability of the CANT to
predict inattentive behaviors in daily lives. Therefore, a further examination of
the ecological validity of the CANT is required to ensure its utility in diverse

settings.

4. Attention and Mathematical Achievement

Attention-related skills are essential to school success (Martin, Razza, &
Brooks—Gunn, 2012). As students have a limited cognitive resource available
at a time, they have to carefully choose stimuli to process further, while
inhibiting irrelevant stimuli such as noise in the hallway, whispers from
behind, and falling leaves out of the window. Besides, in order to solve
problems requiring critical thinking skills or applying already-learned
knowledge, students need to minimize attentional resources allocated on
simple skills and factual knowledge. For example, if students want to read
something for meaning, they have to spend little or no attention to word
decoding. By automatizing basic skills, students can devote attention to more
challenging learning tasks. Thus, skilled learners selectively attend to
important information and automatize skills to conserve resources (Bruning et
al., 2011).

Attention is involved in multiple aspects of mathematical processing. Using

the framework of information processing model, Mayer (1980) suggested that
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attention plays a role when a problem solver needs to choose important
information, and suppressing irrelevant information while word
problem-solving. Sustained visual attention measured by an object tracking
test predicted mathematical achievement assessed by tasks such as Arabic
numeral reading, simple calculation, counting, and complex written calculation
(Anobile et al., 2013). Number processing involves attention, as well.
Functional neuroimaging studies showed that number processing depended on
different attentional networks; small numerosities engage the brain region
related to stimulus—driven attentional network, and large numerosities engage
with the brain area related to goal-directed attentional network, suppressing
the other at the same time (Ansari et al., 2007). Therefore, children with
attention problems are expected to demonstrate lower performance in
mathematics compared to typically developing peers (Hart et al., 2010; Martin
et al., 2012; Zentall, Smith, Lee, & Wieczorek, 1994).

Research has demonstrated correlations between attention and achievement
of math word problem-solving. Studies employing attention-related behavior
rating scales by parents or teachers have reported the significant negative
correlation between inattentive behaviors and performance of mathematical
word problems (Fuchs et al, 2006; Rogers et al., 2011). Sustained attention
assessed by a visual tracking task appeared to predict word problem-solving
performance (Anobile et al, 2013). Although not many studies have been
accumulated, recent studies employing neuropsychological measures such as
functional magnetic resonance imaging technique and laboratory attention
measures such as continuous performance test and the ANT have suggested
plausible evidence of correlation between the two latent variables (Anobile et
al., 2013; Ashkenazi & Silverman, 2017; Mathieu et al., 2018).

Particularly, ADHD children showed low achievement in word problems
(Re, Lovero, Cornoldi, & Passolunghi, 2016). Whereas calculation problems are

already set for computation, word problems require students to determine
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important information among words and numbers and plan out solutions.
ADHD children appeared to remember literal and numerical information from
the word problems but confused by them in the problem-solving process.
This implies that attention plays a role in the success of word
problem-solving.

Mayer (1980) has proposed the model of mathematical problem solving
(Figure 1) consisted of two major components: problem representation and
solution execution. There are two phases in the problem representation
component. The first is the translation phase. In this phase, a problem solver
reads a word problem and constructs an internal representation of the
problem. After this literal phase, the problem solver moves to the integration
phase. In order to understand the meaning of the problem, the solver uses the
schema to judge which information is important and which is not. Thus, the
problem solver integrates the problem and schema such as cause/change,
combine, and compare. The third phase, which is a part of the solution
execution component, is where the problem solver plans out for the types of
operation and sequence of using them to solve the problem. Finally, in the
fourth phase, also a part of the solution execution component, the problem
solver completes the computations using algorithmic knowledge. These four
phases generally take place in order. However, the problem solver always
goes back and forth self-monitoring when needed (Mayer, 1980).

In particular, the problem representation component requires attention. In
this phase, a student reads a word problem and construct an internal
representation using linguistic knowledge and factual knowledge. This process
involves copying the problem word for word, substituting terms like “two
times” for twice, and locating words or phrases describing variables (Mayer,
1980). The relevant variables and their relations are picked up and integrated
with problem solvers’ schematic knowledge to form a problem structure for

later mathematical operation (Kingsdorf & Krawec, 2014). Even though
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strategic knowledge is well-established and computation skills are
automatized, successful performance is not guaranteed without accurate
problem representation. Therefore, the problem representation component
demands attention in selecting only relevant variables and understanding their
relations so that problem solver can move on to the next phase with correct

representation.

Figure 1

Problem Representation Solution Execution

Translation Integration Planning Execution

Linguistic structure of word problems contributes to problem representation
(Song, 1992). Especially, relational terms in word problems that are used to
define a variable in terms of another bring difficulty in representing the
problem correctly (Lewis & Mayer, 1987). For example, in Question 1 shown
in Table 2, the relational term “more than” is used to define the variable of
the unknown variable-the number of Tom’s marbles in relation to the other
variable, i.e., the number of Joe's marbles. In Question 4, the relational term
“less than” is used to determine the unknown variable-the number of Tom’s
marbles. During the problem representation stage, the problem solver reads
the relational terms in the word problems, integrate the information to a
schema related to the terms, and form an internal representation of the
problem.

However, if the relational terms prime an incorrect schema for the problem
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solution, a correct answer will not be vyielded regardless of precise
computational skills. In Question 5, for example, the relational term “less
than” can be considered as a cue activating the schema related to subtraction,
which leads to an incorrect outcome. Word problems with relational terms
that are stated inconsistently with the required arithmetic operation are called
inconsistent language problems (Lewis & Mayer, 1987). Question 4 in Table 4
is an example. The question includes the relational term “less than” which is
inconsistent with the required operation, addition. On the other hand, the
relational term “more” in Question 1 is consistent with the required arithmetic
operation, addition. This form of problem is referred to as consistent language
problems (Lewis & Mayer, 1987). These two forms of problems bring out
different levels of difficulty in problem-solving. The difficulty in processing
inconsistent language while solving word problems has been reported. Not
only children but even adults showed a higher error rate on inconsistent
language problems than on consistent language problems (Lewis & Mayer,
1987). In addition, students with high accuracy on inconsistent problems
appeared to spend a longer time re-reading the problems (Hegarty, Mayer, &
Green, 1992).

The quality of the information provided in word problems contributes to
math word problem-solving performances (Daroczy, Wolska, Meurers, &
Nuerk, 2015). Containing irrelevant linguistic and numerical distracters
increase the complexity of problems, thus demanding more cognitive
resources. It was found that word problems with irrelevant information
resulted in a higher error rate (Kim & Kim, 2006; Muth, 1992). Thus, the
existence of extra information requires problem solvers to process more
information and to employ additional cognitive steps.

Several individual cognitive factors that influence the translation and
integration phases have been identified. For example, learning styles affect the

problem representation. Song (1992) studied the role of learning style in math
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word problem recalling among college students. He found out that students
with surface and reiterative learning style made more errors than those with
deep—elaborative processing style. Additionally, he found out that the error
types differed among students. The deep and elaborative processing learners
made simple recalling errors, while the surface and reiterative processing
learners appeared to change the problem structure and recall the problems in
a contradicting and incomplete manner.

The role of attention in the understanding phase of word problems has
been rarely investigated. Students who pay attention to only keywords for
planning computational operations and do not deeply process all the contextual
information to understand the word problems could not represent the problem
accurately, thus resulting in errors. The literature has found out that
distinctive font styles could enhance students’ alerted state (Kercood, Zentall,
Vinh, & Tom-Wright, 2012). Even a “+” sign evokes brain regions associated
with spatial attention orienting (Mathieu et al., 2018). Children with attention
deficits prefer salient features of stimuli. Therefore they are expected to have
great difficulty focusing on plain and subtle but relevant stimuli (Kercood,
Zentall, & Lee., 2004). However, it is unclear how attention plays a role in
the word problem-solving process.

The attention—related scores yielded from the CANT might explain the
individual differences in the performance of mathematical word
problem-solving. If the CANT wants to be considered ecologically valid, the
experimental situation, sampled responses, and stimuli used in the test should
represent those in the mathematical word problem-solving. The accuracy
performance in the CANT should be generalized to that in the mathematical
word problem-solving. The response time extracted from the CANT should
be able to represent that in the mathematical problem-solving. Besides, the
performance pattern of speed and accuracy shown in the CANT should be

replicated in the mathematical problem-solving.
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Furthermore, attention networks should reveal their distinctive role in
different types of word problems. Alerting means to generate and maintain

an alerted state so that one can locate and respond to stimuli. If a student

Table 2

Examples of Comparing Word Problems

Required
Language ) Unnecessary
Example of Word Problems Computational )
Types ] Information
Operation

Question 1.
) Joe has 3 marbles. .
Consistent Addition Not Included
Tom has 5 more marbles than Joe.

How many marbles does Tom have?

Question 2.
Joe has 3 marbles.

Consistent Jane has 5 marbles. Addition Included

Tom has 5 more marbles than Joe.

How many marbles does Tom have?

Question 3.
) Joe has 8 marbles. )
Consistent Subtraction Not Included
Tom has 5 marbles Jess than Joe.

How many marble does Tom have?

Question 4.
) Joe has 3 marbles. .
Inconsistent Addition Not Included
He has 5 marbles Jess than Tom.

How many marbles does Tom have?

Question 5.
Joe has 3 marbles.
Inconsistent He has 5 marbles /Jess than Tom. Addition Included

He has 4 more marbles than Jane.

How many marbles does Tom have?

Note. The examples of word problems were extracted from Lewis & Mayer
(1897). The relational terms in the word problems are italicized. The unnecessary

information for correct problem representation is underlined.
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stays less alerted in a regular situation and can not efficiently change to an
alerted state unless a warning signal is preceded, this student would yield a
high alerting score in the CANT. Therefore, students with a higher alerting
score would show lower performance in a set of word problems written in
plain fonts, that is, not highlighted nor underlined. Orienting refers to locate
and shift attention to the important stimuli. Students with a higher orienting
score can not orient stimuli in space efficiently unless a cue that indicates
the target stimuli’ location is presented. Therefore, it could be assumed that
the student with a higher orienting score would show lower performance in
word problems in which the relevant variables are not clearly presented.
Executive control refers to monitor and dissolve conflicts that were generated
by surrounding distracters. Students with a higher executive control score can
be more distracted by inconsistent flankers around the target. Therefore, it
could be assumed that the student with a higher executive control score
would show lower performance in word problems in which inconsistent
relational terms are used to describe the unknown variables. If these CANT
scores can be generalized to mathematical word problem-solving
performances, the CANT could be determined as an ecologically sound

attention measure.
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M. Study 1

1. Research Question

Study 1 aims to test the psychometric properties of the CANT with Korean
samples, which have a different cultural background from those the test
originally targeted. To achieve this goal, the item quality, reliability, and
validity of the CANT in Korean samples were examined. The item quality
was tested in terms of its discrimination and the validity of cue and flanker
manipulations at the item level. The reliability was investigated in terms of
its internal consistency and stability over time. The validity was investigated

in terms of its concurrent validity with other attention measures.

Research Question:
How wvalid is the CANT psychometrically in the setting of Korean elementary

school?

Sub-questions:

1. How relevant are the items consisting of the CANT?
2. How reliable is the CANT?

3. How valid is the CANT?
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2. Methodology

1) Participant

The target population for this study included elementary school students in
a province, Korea. Student participants were recruited in an elementary school
located in the metropolitan area. Since there were multiple classes per grade,
one class from each grade was randomly selected, thus six classes in total.
The researcher visited the homerooms of the selected classes and explained
the study’s purpose, the tests to take, and rewards. Then consent letters were
distributed to those who were willing to participate in the study. They were
asked to return the letter with their parents or legal guardians signatures
within a week. One hundred and fifty three consent letters were distributed,
and 71 of them returned.

Other than student participants, parents and homeroom teachers also
participated in this study. The parents of the fourth to sixth grades students
who wished to participate were asked to participate in the study. Thirty—one
parents agreed to participate and returned their consent letters via their
children. The homeroom teachers of the selected classes in grades four to six
were asked to participate. Since one class per each grade was randomly
selected to recruit student participants in this study, three homeroom teachers
of the selected classes were asked to participate. All of them agreed to be
part of the study.

However, different numbers of student participants were employed in
answering the research questions. Seventy-one participants’ responses were
used for item analysis, the split-half reliability test and calculating Cronbach’s
alpha. Thirty—five students’ data from grades four to six were analyzed in the

test-retest reliability test and concurrent validity test. Furthermore, the data
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cleaning process revealed some missing data and outliers, which were
excluded in the following statistical analysis. Hence the actual sample sizes
for each analysis could be different from the numbers stated above. Table 3

shows the demographic characteristics of participants.

Table 3

Demographic Characteristics of the Participants

Student Parent Teacher
Grade
n % n % n %
1 107 14.0 - - - -
2 10* 14.0 - - - -
3 16" 23.0 - - - -
4 13 18.0 12 38.7 1 33.3
5 11 155 9 29.0 1 33.3
6 11 155 10 32.3 1 33.3
Total 71 100 31 100 3 100

Note. The parents of the fourth to sixth—-grade students who wished to participated
were asked to participate in this study. The homeroom teachers of the selected class
in grades four to six were asked to participate in this study. N* = the student
participants for item analysis, split-half reliability test and Cronbach’'s alpha
estimation; N® = the student participants for test-retest reliability test and concurrent

validity test as well as item analysis and split-half reliability test.
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2) Measurement
(1) The Child Attention Network Test (CANT)

Rueda et al. (2004) revised the ANT to develop a more child-friendly
version, the CANT. They changed the stimuli from a set of arrows to an
array of yellow fish. They created a story - feeding a right fish, and added a
clear feedback sound in the practice block. These modifications were to
motivate young subjects to respond to the target. It consisted of an
introduction part, a practice block, and three test blocks. Subjects were asked
to read the introduction to figure out how to take the test and participate in
the practice block and later test blocks. Subjects were asked to respond to
the stimuli described in detail below, as quickly and accurately as possible,
by judging the target stimulus’s direction and pressing the designated buttons
on the computer keyboard. There were 48 trials in a block and 144 trials in
total in the test. The practice block consisted of 24 trials. As Rueda and her
colleagues (2004) suggested, three networks efficiency is calculated
individually using the median respond time (RT.a.) for correct responses.

In this study, the format of the CANT was replicated with some
modifications in the practice block. The CANT was developed for English
speaking wusers. Therefore, language translation was needed in the
introductory part of the test. In addition, the feedback sound was replaced
since the original sound in the CANT, “Woohoo!” for correct response and a
low beep sound for incorrect response, could be culturally unfamiliar for
Korean children. A new bell sound typically used in Korea for correct
answers and a beep sound for incorrect answers replaced the original
feedback sounds. Other than these modifications, the original form of the
CANT was maintained in this study.

The stimuli used in the CANT were yellow fish with an arrow in the
body, pointing in the same direction of where the fish was heading.

Sometimes the fish appeared alone, and other times with two more

_36_



same-looking fish on its right and left sides. The stimuli were presented
against the light blue background. When the test began, a fixation mark (+)
appeared in the center of the background, and later the target was presented
above or below the fixation according to cue and flanker condition. The
stimuli are shown in Figure 2.

Stimuli were preceded by a cue shaped like a black dot (@). The cue was
to signal subjects that an array of fish was about to show up and provide
information on where the stimuli would appear. There were four cue types:
no cue, center cue, double cue, and spatial cue. On the no cue condition, no
cue appeared before stimuli giving no information of when and where the
stimuli would appear. On the center cue condition, a black dot appeared at
the center of the screen replacing the fixation mark and signaling appearance
of the stimuli. On the double cue condition, a black dot appeared above and
below the fixation mark at the same time signaling appearance of the stimuli,
but without information of their location. On the spatial cue condition, a black
dot was presented either above or below the fixation mark providing
information both of when and where the stimuli would appear. The cue

conditions are described in Figure 2.

Figure 2
Cue Conditions in the CANT

No cue Center cue Spatial cue 1 Spatial cue 2 Double cue
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As Figure 3 shows, there were three types of flankers: congruent,
incongruent, and neutral types. Two flankers flanked the target stimulus on
the left and right side of it in the array. Congruent flankers were the same
yvellow fish pointing in the same direction as the target fish. Incongruent
flankers pointed in the opposite direction from the target fish. In trials of
neutral flanker, no fish appeared except the target fish. In total, there were
four cue types and three flanker types in the CANT. The target stimulus
was presented based on the combination of the cue and flanker types, which
vielded twelve trials comprising a cue-flanker combination set. Forty-eight
trials were offered in a block randomly.

As Figure 4 illustrates, each trial consisted of a fixation period, a cue
presentation when applicable, another fixation period, a target and flanker
period, and a post-target fixation period. During the fixation period, the
fixation mark (+) was presented for a random variable duration (400-1600
msec). Then a cue (@) appeared according to the cue type of the trial for
150 msec, followed by another fixation period for 450 msec. After the second
fixation period, the target and flankers were presented until the subject made
a response, but no longer than 1700 msec. Finally, the post-target fixation
mark appeared for 1000 msec. After the last fixation period, the next trial
began.

The estimates of the CANT were based on the response time and accuracy
efficiency was calculated using the

data. The three attentional networks’

Figure 3
Flanker Conditions in the CANT
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Neutral flanker condition

Congruent flanker
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Incongruent flanker

condition
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median response time of accurate trials of each condition. The CANT alerting
score (CANT_A) was calculated by subtracting the median RT of double cue
condition from the median RT of no-cue condition across all the flanker
conditions. The larger CANT_A 1is, the more difficult it is to create and
maintain an alerted state without a warning cue. On the other hand, it could
reflect more efficient use of warning cues. The CANT orienting score
(CANT_O) was calculated by subtracting the median RT of the spatial cue
condition from the median RT of the central cue condition. The larger
CANT_O 1s, the more difficult it is to disengage attention from the location
where initial attention was oriented. However, this also can be interpreted as
an efficient use of spatial cues in the orienting network. The CANT
executive control score (CANT_EC) was calculated by subtracting the median
RT of congruent flanker conditions from incongruent flanker conditions across
all the cue conditions. The larger CANT_EC is, the more difficult it is to
resolve conflict (Fan et al., 2002; MacLeod et al., 2010; Rueda, et al., 2004).
The median RT of correct responses in the entire CANT (CANT_CRT.nan)
and the percentage of correct responses of the entire CANT (CANT_PCR)

were also calculated.

Figure 4
The Trial Phase of the CANT

Fixation

Fixation
Target &
Flanker

Fixation

RT = 1700 ms
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(2) The Frankfurt Adaptive Concentration Test-1 (FACT-1I)

The FACT-II was a performance-based measurement assessing attention,
originally developed by Moosbrugger and Goldhammer (2014) and normalized
in Korea by Oh (2018). Subjects was required to discriminate between the
target and the non-targets presented on the computer screen. The stimuli are
geometrical figures of shapes and dots within them. The target stimuli were
a circle with three dots in it and a square with two dots in it, whereas a
circle with two dots and a square with three dots were non-targets. FACT-
I had three subtests: a test with each item provided individually (FACT-1O
-E), a test with item series provided (FACT-II-S ), and a test with item
series provided with record of reaction time (FACT-II-SR). Among these
subtests, the FACT-II-SR was wused in this study since it has been
standardized among Korean elementary students. In the FACT-II-SR, a row
of 10 items, as shown in Figure 4, appeared on the screen, and subjects
responded to the items which were marked by an arrow by pressing the “1”
key on the keyboard for the targets and the “0” key for non-targets as fast
as possible. When responding to a row of items was completed, another row
of 10 items appeared. The test finished automatically after six minutes has
passed. After a one—minute long practice block, the actual FACT-I-SR
began.

Based on the response time and the number of correct response, three

estimates were calculated. The power of concentration performance (FACT-1

Figure 4
The Stimuli or FACT-II-SR
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-SR_CP) was calculated using RT for accurate responses, as appears in
Equation 1. The higher FACT-I-SR_CP index indicates that the participant
concentrates at a faster speed. As Equation 2 shows, concentration’s
correctness (FACT-II-SR_CC) was calculated as a ratio of the number of
accurate responses and the total number of responses. A higher FACT-1I
-SR_CC score indicates higher correctness in the task. Concentration balance
(FACT-IO-SR_CB) was calculated using the standard deviation of item serve
time, as shown in Equation 3. The higher FACT-II-SR_CB score indicates
the consistency of attention during the test. The split-half reliability of the
FACT-II-SR test was reported as .96 for FACT-II-SR_CP, .88 for FACT-
I-SR_CC, and .88 for FACT-II-SR_CB. The test-retest reliability was .75
for FACT-O-SR_CP, 65 for FACT-I-SR_CC, and .72 for FACT-1
-SR_CB.

W—2XF

>

i=m+1

FACT-II-SR_CP = > 100,000. (1)

W= the number of responded items (n-m)
n= the last item number responded
m= the last item number responded during the practice block

h

t;= the total response time until the /M item (msec)

F= the number of incorrect response from (m+1) item to n

FACT-II-SR_CC = x100. (2)

W—-F
w
W = the number of responded items
n = the last item number responded

m = the last item number responded during the practice block

F = the number of incorrect response from (m+1) item to n
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FACT-TI-SR_CB = log(1 + %)XIO,OOO. (3)
b

SZb — 82 _ Szt
Z tl (tliAM)2
2 _ i=m+1
> w
3
i=m+
AM = W

S? = variation of item serve time
Sy, = deviation of response time

S?% _technical variation conditioned by computer algorithm

(3) Korean Attention Deficit Hyperactivity Disorder Diagnostic Scale
(KADHDDS)

KADHDDS was developed based on the ADHD diagnostic criteria in DSM-
IV-TR and Gilllam Attention Deficit Hyperactivity Disorder Test, and
normalized among Korean children and young adults (Yoon & Lee, 2004). It
was used for the parents of the student participants to evaluate their
childrens’ attention-related behaviors. The scale included three subscales
(Inattention, Hyperactivity, and Impulsivity), consisting of 13 items, 10 items,
and 10 items for each subscale. The items for Inattention was used for this
study. Based on the severity of the symptoms, parents rated their children’s
behaviors on a scale of 0 to 2, where O indicated the absence of symptoms, 1
indicated mild symptoms, and 2 indicated severe symptoms: the higher score,
the more severe symptoms of inattentiveness. Cronbach’s a of the Inattention

subscale was .90, and test-retest reliability was .90 (Ji, 2019).

(4) Korean Teacher ADHD Rating Scale (K-ADHDRS-T)
The K-ADHDRS-T was the Korean version of the ADHD Rating Scale-IV
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(School Version), which was originally developed by DuPaul et al. (1997). It
was first validated in Korea by So et al. (2002) and normalized by Kim et al.
(2003). The K-ADHDRS-T was used for the teacher participants to evaluate
their students’ attention-related behaviors. The K-ADHDRS-T was an
18-item questionnaire composed of two subscales, which were Inattention and
Hyperactivity-Impulsivity with nine items, respectively. Only items from the
Inattention subscale were used for this study. The items asked the frequency
of problematic behaviors of children related to inattentiveness. Teachers were
asked to rate the frequency of behaviors related to inattentiveness on a 0 to
3 scale: 0 = never or rarely; 1 = sometimes; 2 = often, 3 = very often. The

Cronbach’s a of the scale ranged from .77 to .89 (So et al., 2002).

3) Data Collection

The data were collected for three months, starting from June to August of
2020. Subjects took the CANT test in a classroom of the school they were
attending. The subjects sat at a desk on which a laptop computer was
located. During the practice block, the researcher monitored their performance
to see whether they understood the test. Feedback on the accuracy of their
response was given during the practice block; a bell sound for accurate
response and a beep sound for incorrect response. After 24 trials of practice,
the subjects were asked to rest and start the real test when ready. While
they were taking the experimental blocks, no feedback was given. The
researcher stayed away from them not to disturb, but still was in the same
room. The subjects could rest as long as they wanted between the
experimental blocks, and they proceeded to the next block by pressing the
spacebar. It took approximately 20 minutes to complete the test, including the
practice block. Subjects from grades one to three received a pack of snack as
a reward.

Thirty-five students in grades four to six took the FACT-II-SR test after
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taking the CANT. The researcher explained how to respond to the stimulus,
and then the subjects took a practice test approximately for three minutes.
When their response was incorrect, feedback was given from the computer
correcting their response. During the real test, no feedback was provided. It
took approximately nine minutes to complete the FACT-II-SR, including the
practice trials. These students revisited the classroom after 10-14 days from
the first CANT test. They repeated the procedure except taking the FACT-1I
-SR. They received a 5,000-won gift certificate as a reward.

The parents of thirty-one students in grades four to six evaluated their
children’s attention-related behaviors on the KADHDDS questionnaire, which
was sent via their children. Their teachers were asked to rate the students’
attention-related behaviors on the K-ADHDRS-T questionnaire, as well. The
questionnaires took approximately three minutes to complete. Their children
returned the parents’ questionnaires to the researcher. The K-ADHDRS-T
questionnaires were delivered to the teachers by the researcher in the last
week of the semester, and the researcher visited the subjects’ classrooms to
collect the teachers’ questionnaires.

The CANT was presented via Inquisit 5, which is a commercial software
package for generating and running psychological experiments on a computer.
The stimuli were presented on the screen of the laptop, and subjects
registered their responses by pressing two designated keys on the keyboard,
‘E’ for leftward direction and ‘T for the rightward direction of the target
stimuli. In order to minimize incorrect response caused by confusion in
direction, a sticker on which “€1” meaning leftward in Korean and “<" were
marked was attached on the “E” key, and “2.” meaning rightward in Korean
and “—” for the “I” key. The FACT-II-SR was presented on the website of
INPSYT, a commercial website for purchasing and running psychological
tests. On the same laptop used for the CANT, subjects viewed the screen

where the FACT-II-SR stimuli were presented. They used the keys of “1”
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for correct answers and “0” for incorrect answers to register their responses.

4) Data Analysis

The quality of items was tested by applying item discrimination and item
validity. Item analysis is a statistical analysis to evaluate tests based on the
quality of individual items, items sets, and entire sets of item (McCowan &
McCowan, 1999: 3). The CANT comprised three blocks containing 48 trials in
each. Fach trial was constructed by combining one of the four cue types and
one of the three flanker types, yielding 12 different cue x flanker
combinations. Since these twelve combinations were presented four times
repetitively and randomly in a block, each cue and flanker condition was
considered as a unit for item analysis.

Item discrimination was tested by examining the correlation coefficient of
the mean of the median RT with the median RT of the overall test and the
correlation coefficient of the percentage of correct responses of each item
with the percentage of correct responses of the overall test. The significant
coefficient indicates that the item contributes to the test discrimination
(Vorstenbosch et al., 2013). Item validity was assessed by comparing the
median response time and the percentage of correct responses depending on
the cue and flanker condition of each item. ANOVA was employed for the
test.

The reliability of the CANT was assessed in terms of its internal
consistency and stability. Internal consistency was evaluated by using
Cronbach’s alpha and split-half reliability. Since the CANT items were 12
combinations of cue and flanker conditions, the percentage of correct
responses and median response time of each item were correlated with those
of the test when calculating Cronbach’s alpha. For the split-half reliability
test, Pearson correlation coefficients between the scores in three blocks were

calculated. In order to see the test-retest reliability of the CANT, the
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intraclass correlation coefficient (ICC) between the results at two different
times was estimated. ICC is a widely used reliability index in test-retest
reliability analysis (Koo & Li, 2016). Since test-retest reliability demonstrates
the wvariation in estimates taken by the same instrument on the same
subjects, the two-way mixed-effects model and absolute agreement definition
were selected during the analysis. SPSS calculates ICC based on the
formulation suggested by McGraw and Wong (1996), as shown in Equation 4
(for terminology in the equation, refer to McGraw & Wong's study). SPSS

was used for the analysis.

MSy,— MS,,
ICC = — (4)
MSp A+ (k—1) MSy+ E(MSC— MS,y).

MSR = mean square for rows
MSE = mean square for error

MSC = mean square for columns

n = number of subjects

k = number of measurements

The validity of the CANT was assessed by calculating Pearson correlation
coefficients between the scores obtained in the CANT and the criterion
measures, ie, FACT-I-SR, KADHDDS, and K-ADHDRS-T. SPSS was

used for the analysis.
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3. Results

Study 1 examined psychometric properties of the CANT in Korean samples.

The results of the tests are as follows.

1) Item Quality

Item analysis was conducted in order to see the contribution of each item
to the discrimination and validity of the CANT, As Table 4 indicates, there
were variations in CANT_PCR and CANT_RT.sm among the cue x flanker
conditions. The mean of CANT_PCR ranged from 93.3 (SD = 10.1) to 95.7
(SD = 7.8) in the no cue condition, and from 94.7 (SD = 81) to 96.7 (SD =
7.6) in the spatial cue condition. Meanwhile, the mean of CANT_PCR ranged
from 95.7 (SD = 7.8) to 974 (SD = 7.0) in the congruent flanker condition,
and from 933 (SD = 10.1) to 947 (SD = 81) in the incongruent flanker
condition.

The mean of CANT _RT.,a also varied among conditions. The mean of
CANT RTman in the no cue conditions ranged 642.44 milliseconds (SD =
140.40) to 726.44 milliseconds (SD = 159.30), whereas that in the spatial cue
conditions ranged 560.90 milliseconds (SD = 121.55) to 655.64 milliseconds
(SD = 152.83). The mean of CANT_RTna ranged from 570.56 milliseconds
(SD = 125.33) to 665.38 milliseconds (SD = 154.06) in the congruent flanker
conditions and ranged from 655.64 milliseconds (SD = 152.83) to 726.44

milliseconds (SD = 159.30) in the congruent flanker conditions.
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Table 4
Descriptive Statistics for CANT PCR and CANT RT,.q, by Condition (N = 71)

Condition CANT_PCR (%) CANT_RTan (msec)

Cue Flanker M SD M SD
Congruent 95.7 7.8 665.36 154.06

No Incongruent 93.3 101 726.44 159.30
Neutral 94.8 7.2 642.44 140.40

Congruent 95.8 100 610.90 129.17

Center Incongruent 93.7 9.2 698.85 138.19
Neutral 9.1 9.2 594.75 129.15

Congruent 974 7.00 596.75 120.99

Double  Incongruent 94.5 8.3 684.73 148.76
Neutral 95.5 6.4 598.89 134.99

Congruent 96.7 7.7 570.56 125.33

Spatial Incongruent 94.7 8.1 655.64 152.83
Neutral 96.5 6.7 560.90 121.55

Note. CANT_PCR = the percentage of correct responses in the CANT;, CANT_RTan

= the median response time in the CANT.
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IItem-total correlation analysis was conducted to see how well each item
contributes to the test result. As Table 5 demonstrates, the item-total
correlation for items in the no cue condition ranged from .34 to .80, .41 to .80
in the center cue condition, .45 to .76 in the double cue condition, and .60 to
77 in the spatial cue condition. The item-total correlation for items in the
congruent flanker conditions ranged between .65 and .80, those in incongruent
flanker conditions ranged between .41 to .77. and those in neutral flanker
conditions ranged between .34 to .74. None of the conditions appeared to
contribute to improving Cronbach’s a when deleted. The item-total correlation
values between .20 and .39 are considered good discrimination and the value
of 40 and above to be very good (McCowan & McCowan, 1999). Therefore,
the accuracy of each item could be determined to show good and very good
discrimination.

As Table 5 demonstrates, all the means of the median RT of each item
showed a high correlation with the total median response time. The
item-total correlation ranged from 91 to .92 in the no cue conditions, .92 in
the center cue condition, .89 to .93 in the double cue condition, and .90 to .94
in the spatial cue condition. The item-total correlation ranged from .92 to .94
in the congruent flanker condition, 91 to .94 in the incongruent flanker
condition, and .89 to .92 in the neutral flanker condition. None of the
conditions appeared to contribute to improving a when deleted, considerably.
Therefore, the items of each condition could be determined to show very

good discrimination in terms of RTman.
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Table 5
Result of Item—total Correlation Analysis of PCR and R Ty, by Condition (N = 71)

Condition CANT_PCR_item CANT_RT pnan_item
h’ b’
Item-Total Cronbach's ‘a Item-Total Cronbach's a
Cue Flanker . If Ttem . If Ttem
Correlation Correlation
Deleted Deleted
Congruent .65 .89 92 .98
No Incongruent 52 89 91 98
Neutral .34 90 91 .98
Congruent .80 .88 92 .98
Center  Incongruent A1 90 92 98
Neutral .74 88 92 98
Congruent 72 .88 .93 98
Double Incongruent .63 39 91 .98
Neutral 45 90 .89 98
Congruent 76 88 .94 98
Spatial Incongruent N .88 94 98
Neutral .60 .89 .90 .98

Note. CANT_PCR_item = the percentage of correct responses for each item in the

CANT; CANT_RT4n_item = the median response time for each item in the CANT.
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The effects of cue and flanker manipulation on the accuracy and speed of
each item were examined. Table 6 shows the result of ANOVA with the
percentage of correct responses of each item (CANT_PCR_item). There was a
significant main effect of flanker condition on the accuracy, F(2, 213) = 5.78,
p = .00. No significant main effect was found for the cue condition, F(3, 284)
= 187, p = .13. As Table 7 demonstrates, the post-hoc test revealed a higher
percentage of correct responses in the congruent flanker condition than in the
incongruent condition. No significant difference was found in the accuracy
between the congruent and neutral conditions.

The effects of cue and flanker condition on the RTma of each item
(CANT_RT a0 item) was also examined. Table 6 shows the result of ANOVA
of four cue conditions x three flanker types using the RTuna, data from 71
subjects. The result demonstrated a significant main effects of cue condition,
F(3, 284) = 12.82, p = .001, and flanker condition, (2, 213) = 37.31, p = .001.
However, there was no significant interaction between cue condition and
flanker condition. As Table 8 demonstrates, the RTna of no cue condition
was significantly longer than those of center cue, double cue, and spatial cue
conditions. The RT.a of the spatial cue condition was significantly shorter
than those of the center cue and no cue condition. However, the RTna of the
spatial cue condition and center cue condition did not show a significant
difference. The RTng, with incongruent flanker type was significantly longer
than those with congruent and neutral flanker types. The RTngn with the
congruent flanker type was not significantly different from that with the
neutral flanker.

The results demonstrated that the flanker condition affected not only the
accuracy but also the response time of each item. Cue manipulation appeared
to have an impact on the response time of each item. To sum up, the flanker
manipulation could be determined to be valid in terms of its effects on the

accuracy and response time of each item. The cue manipulation could be
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determined to be valid in terms of its effect on the response time of each

item.
Table 6
Result of 4 x 3 (Cue x Flanker) ANOVA on CANT PCR_item and
CANT RTpan item (N = 71)
Type I Partial
Mean
Source Sum of df F D eta
Square
Squares Squared
Corrected
1238.92 11 112.63 166 .08 .02
model
Intercept 7726077.14 1 772607714 11415729 .00 .99
Cue 380.15 3 126.72 1.87 .13 .01
CANT_ Flanker 782.64 2 391.32 578 .00 .01
PCR  CuexFlanker 76.13 6 12.69 19 98 .00
—Ltem Error 5685055 840 67.68
Total 7784166.60 852
Corrected
58089.46 851
total
Corrected 219455920 11 199505.38 1040 .00 12
model
Intercept 342306762.63 1 342306762.63  17850.87 .00 .96
Cue 737556.04 3 245852.01 12.82 .00 .04
CANT_
RT Flanker 1430823.17 2 715411.59 3731 .00 .08
mdn
_item = CuexFlanker 26179.99 6 4363.33 23 97 .00
Error 16107767.17 840 19175.91
Total 360609089.00 852
Corrected 18302326.37 851
total

Note. CANT_PCR_item = the percentage of correct responses for each item in the

CANT; CANT_RTa._item = the median response time of each item in the CANT.
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Table 7
Result of Schefie Test on CANT PCR_item (N = 71)

Mean

Std.
Condition difference D Sheffé
error
(I-J
(I) Cue (J) Cue
Double -1.29 .80 45
Center No -.08 .80 1.00
Spatial -1.45 .80 .35
Center 1.29 .80 45
Double No 1.21 .80 bl
Spatial -.16 .80 1.00
Cue -
Center .08 .80 1.00
No Double -1.21 .80 bl
Spatial -1.37 .80 .40
Center 1.45 .80 .35
Spatial Double .16 .80 1.00
No 1.37 .80 40
(I) Flanker  (J) Flanker
Incongruent 2.35 .69 .00
Congruent
Neutral 1.14 .69 25
>
Flanker Congruent 235 69 00 Congruent
Incongruent Incongruent
Neutral -1.20 69 22
Congruent -1.14 .69 25
Neutral
Incongruent 1.20 .69 22

Note. CANT_PCR_item = the percentage of correct responses for each item in the

CANT.
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Table 8

Result of Schefie Test after ANOVA on CANT RTn item (N = 71)

Mean

Std.
Condition difference D Sheffé
error
I-J
(I) Cue (J) Cue
Double 8.04 13.42 .95
Center No -43.25 13.42 .02
Spatial 39.13 13.42 .04
Center -8.04 13.42 95
Double No -51.29 13.42 .00 No > Center,
Spatial 31.09 13.42 15 No > Double,
Cue No > Spatial,
Center 43.25 13.42 02 Center >
Spatial
No Double 51.29 13.42 .00
Spatial 82.38 13.42 .00
Center -39.13 13.42 .04
Spatial Double -31.09 13.42 15
No -82.38 13.42 .00
(I) Flanker  (J) Flanker
Incongruent -80.52 11.62 .00
Congruent
Neutral 11.64 11.62 .61
Incongruent >
Flanker Congruent 80.52 11.62 00 Congruent,
Incongruent Incongruent >
Neutral 92.17 11.62 .00 Neutral
Congruent -11.64 11.62 .61
Neutral
Incongruent -92.17 11.62 .00

Note. CANT_RTan_item

= the median response time for each item in the CANT.
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2) Reliability of the CANT

Reliability of the CANT was assessed in terms of its internal consistency
and stability of the test results. Cronbach’s alpha for CANT_PCR appeared to
be 90 and .99 for CANT_RTna. Table 9 demonstrates the split-half
reliability of the CANT. Because the CANT consists of three blocks, the
scores in different blocks were compared to test the consistency of the
results across blocks. CANT_A showed coefficients of .16 to .26, CANT_O
appeared to show coefficients of -.17 to .16, and CANT_EC showed
coefficients of .08 to .39 between three blocks. CANT_PCR showed
coefficients of .52 to .65, and CANT_RTnan showed coefficients of .93 to .94
between blocks. CANT_RT.a, appeared consistent across three blocks and
CANT_PCR appeared moderately consistent. However, the other CANT scores

demonstrated a low consistency across the blocks.

Table 9
Result of Pearson Corelation Analysis between the Scores in the Three Blocks of the

CANT (N = 71)

Block 1 & 2 Block 1 & 3 Block 2 & 3
CANT_A .26 16 21
CANT_O 16 -.17 .05
CANT_EC .39 37 .08
CANT-PCR 65 03 02
CANT_RTmn 93 93 94

Note. CANT_A = the CANT alerting score; CANT_O = the CANT orienting score;
CANT_EC = the CANT executive control score; CANT_PCR = the percentage of
correct responses in the CANT;, CANT_RTunam = the median response time in the
CANT.
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In order to see the test results’ stability over time, test-retest analysis
was conducted. Thirty—five students’ data in grades four to six were collected
for this analysis. However, due to missing data and outliers, 30 students’ data
were analyzed. Table 10 shows the result of intraclass correlation (ICC)
analysis. The ICC was .46 for CANT_A, .16 for CANT_O, .40 for CANT_EC,
17 for CANT_PCR, and 90 for CANT_RTua. The ICC coefficients of
CANT_A, and CANT _RTna were statistically significant, and CANT_EC
tended to have a weak correlation between the scores measured at two
different times. The coefficients for CANT_O and CANT_PCR were not

statistically significant.

Table 10
Result of Intraclass Correlation Analysis of the CANT Scores (n = 30)

95% Confidence Interval

Variable ICC D
Lower Bound Upper Bound

CANT_A 46" -.09 74 .04

CANT_O .16 =77 .60 32

CANT_EC 40" -.18 70 07

CANT_PCR 17 -59 58 .29

CANT_RTan Q™ .40 97 .00

Note. CANT_A = the CANT alerting score; CANT_O = the CANT orienting
score; CANT_EC = the CANT executive control score; CANT_PCR = the
percentage of correct responses in the CANT; CANT_RT.gqn = the median
response time in the CANT.

'p <.10. p < .05 p < .00L
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3) Validity of the CANT

Concurrent validity of the CANT was examined to test the relationship
between the scores of the CANT and other attention measures. In order to
see how relevant the CANT is to the previously developed performance-based
measure, correlation analysis was conducted between the CANT scores and
FACT-II-SR scores. Due to a missing data and an outlier in the FACT-1I
-SR_CP data, data from 33 samples were used in the analysis. As Table 11
shows, CANT_O was weakly correlated with FACT-II-SR_CP (r = 43, p =
01) and tended to show a positive correlation with FACT-TO-SR_CC (r =
32, p = .07). CANT_EC was weakly correlated with FACT-I-SR_CC (r =
41, p = .02) and tended to show a positive correlation with FACT-II-SR_CB
(r = 33, p = .06). CANT_PCR showed a negative weak correlation with
FACT-O-SR_CP (r = -36, p = .04). CANT_RTua showed a moderate
correlation with FACT-II-SR_CC (r = 66, p = .00). On the other hand, the
alerting score did not show significant correlation with any scores of FAST-
I -SR.

Concurrent validity of the CANT in relation to attention-related behavior
ratings was examined. Pearson correlation analysis was conducted between
the scores of the CANT and KADHDDS, and K-ADHDRS-T. Table 12
demonstrates the result of Pearson correlation analysis. CANT_O tended to
show a positive correlation with the KADHDDS score (r = .32, p = .09). It
indicated that students with a higher orienting score tended to show more
Inattentive behaviors at home. CANT_PCR showed a weak negative
correlation with the KADHDDS score (r = -40, p = .03). It indicated that
students with higher CANT_PCR showed less inattentive behaviors at home.
Except for this, none of the CANT scores showed significant correlations

with the KADHDDS score.
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Table 11
Result of Pearson Correlation Analysis between the Scores of CANT and FACT-1T
-SR (n = 33)

FACT-IO-SR_CP FACT-IO-SR_CC FACT-I-SR_CB

CANT_A .04 -.16 -21
CANT_O A3 327 -03
CANT_EC -03 Al 33
CANT_PCR -36" 20 11
CANT_RT s -03 66 22

Note. CANT_A = the CANT alerting score; CANT_O = the CANT orienting score;
CANT_EC = the CANT executive control score; CANT_PCR = the percentage of
correct responses in the CANT; CANT_RTna = the median response time in the
CANT; FACT-II-SR_CP = the power of concentration performance in the FACT-1I
-SR; FACT-I-SR_CC = the concentration correctness in the FACT-II-SR; FACT-
O-SR_CB = the concentration balance in the FACT-II-SR.

'p < .10 "p < 05. **p < .001.

Table 12

Result of Pearson Correlation Analysis between the Scores of CANT, KADHDDS,
and K-ADHDRS-T (n = 34)

KADHDDS K-ADHDRS-T
(n = 30) (n = 34)
CANT_A -06 -14
CANT_O 32 01
CANT_EC .04 33t
CANT_PCR ~40° .09
CANT RT 07 -1

Note. CANT_A = the CANT alerting score; CANT_O the CANT orienting score;
CANT_EC = the CANT executive control score; CANT_PCR

the percentage of
correct responses in the CANT;, CANT_RT.,am = the median response time in the
CANT.

'p < .10 #p < 05.
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Table 12 also shows the relationship between the CANT scores and the
K-ADHDRS_T scores. Due to missing data, the data from 34 samples were
used in the analysis. CANT_EC showed a weak positive correlation with the
K-ADHDRS-T score (r = .33, p = .06). It indicated that students with a
higher executive control score tended to show more inattentive behaviors at
school. Other than this, no scores showed a meaningful relationship with the

K-ADHDRS-T score.

4. Discussion

Study 1 explored the quality of the items, reliability, and wvalidity of the
CANT in Korean samples. The items were analysed in terms of their
discrimination and validity. Reliability of the test was evaluated on internal
consistency and stability over time. Validity was examined in terms of
concurrent validity. The main findings of Study 1 are as follows.

Firstly, the results of item analysis indicate that the CANT items
contribute the CANT discrimination. As the CANT was developed to test
individual differences in attention, this result provides evidence for the quality
of the CANT items. The validity of the CANT items appears appropriate.
Conditions with no cue generate the longest response time, and conditions
with spatial cues lead to the fastest reaction. Incongruent flankers distract
subjects, thus slowing down the response speed. The double cue, center cue,
and spatial cue change the mental state of the subjects into alerted so that
as soon as the stimulus appears, they can respond to it as fast as possible.
On the other hand, subjects do not maintain their vigilant state in the no cue

condition, thus slowing down their response to a stimulus suddenly presented.
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The spatial cue provides subjects information of where to orient their
attention, thus overtly or covertly shifting their attention to the designated
location efficiently. Whereas double cues and center cue do not help the
orienting network operate efficiently, thus making attention wander around the
fixation mark until the target appears. Incongruent flankers play a role in
creating conflict. Subjects have to make a mental effort to resolve the conflict
between the target and surroundings, which results in slower response speed.
These results fit with the previous results. Rueda et al. (2004) also found a
significant cue effect and flanker effect in response time. The accuracy data
also reveals the effect of flanker conditions. Incongruent flankers decrease the
percentage of correct responses. The result is also in line with Rueda et al.
(2004)’s findings. Inconsistent flankers distract the subjects and lead them to
make errors. These results demonstrate that the CANT items are valid in
terms of their effects on manipulating the hypothesized condition with Korean
samples.

Secondly, the reliability of the CANT ranges from insufficient to excellent,
depending on the variables. The Cronbach’s alpha for the accuracy and
response time of the CANT was excellent. The split-half reliability of the
median RT was excellent, and that of the percentage of correct response was
good. However, alerting, orienting, and executive control show week
correlations between the blocks. This result is partially consistent with the
result in Rueda et al. (2004). Rueda et al. (2004) reported low to moderate
split-half reliability for the three attention network scores and excellent
split-half reliability estimates for the median response time and accuracy. The
gap between the reliability estimates could be due to the different splitting
methods they employed. While this study compared the scores between three
blocks, Rueda et al. (2004) divided the first experimental block data into odd
and even trials and calculated the split-half reliability coefficient.

Nevertheless, the split reliability of the CANT scores is similar in two
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different cultures.

The test-retest reliability of the median RT is excellent, whereas those of
alerting, orienting, executive control, and the percentage of correct response
are not enough. This result is different from Rueda et al. (2004)’s study, in
which the test-retest reliability appeared low. This could be due to the
different time gaps between the first and second test in the studies. Rueda et
al. (2004) retested 6.5 months later, whereas the test was conducted for the
second time 10-14 days later in this study. However, the result of this study
is in line with the ANT’s test-retest reliability, which was reported as
ranging from low to moderately high (Wang et al., 2015).

The low reliability of the CANT brings about some concerns since it
weakens the statistical power of the results of studies where it could be
applied. Some researchers have claimed that the low reliability of the ANT
could be attributed to systematic error (MacLeod et al., 2010; Wang, et al.,
2015). Reliahility refers to the proportion of the total variance by the true
variance. That is, the higher the reliability of a test, the greater the total
variance caused by the true variance. However, a test's total variance is the
sum of the true variance and error variance (Cohen et al., 2013). Therefore, if
a test’s reliability is low, it could be due to the error variance resulting from
other error sources such as measurement, administration, scoring, and
Interpretation.

The design of the ANT has been attributed as a source of low reliability
(Wang et al., 2015), and this argument can be applied to the CANT since its’
design replicates the ANT’s block design. As discussed, alerting, orienting,
and executive control networks have their independent roles but work
interactively in a task. Even though no inter—correlations among three
networks and cue and flanker interactions were found in this study,
inter-play of them has been found in some studies (Johnson et al., 2008;

McConnell & Shore, 2011). The CANT trials randomly present one of the
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four cue types and one of the three flanker types. For example, incongruent
flankers are presented with no cue, center cue, double cues, and spatial cues.
The response time of incongruent flanker conditions is calculated across all
the cue conditions, thus being influenced by other network components, i.e.,
alerting and orienting. This indicates that the executive control score is likely
to be contaminated by other networks. Therefore, the influence of other
networks could be one of the sources of systematic errors.

Additionally, attention network scores computed by subtraction could be
another issue. The computation has strong face wvalidity for achieving
mathematical independence (MacLeod et al., 2010). However, considering that
the overall median RT showed a consistent and stable result across the
blocks of the test and two different times, the equation to obtain attention
network scores based on RT might need an alternative. Wang et al. (2015)
have suggested a revised equation isolating the attention system from the
overall RT. It would be valuable to test the alternative equation or create a
more reliable equation in future studies.

Lastly, the concurrent validity tests demonstrates the CANT’s ecological
validity. The CANT scores are correlated with the scores of another
performance-based attention measure, FACT-II-SR. The orienting score and
percentage of correct responses are significantly correlated with the speed
estimate on FACT-II-SR. The executive control score and median RT have
low to moderate correlation with the accuracy estimate on FACT-II-SR. The
executive control score is weakly correlated with the attentional
balance-related score of the FACT-I-SR. Even though FACT-II-SR is not
devised using the flanker paradigm and cue paradigm, the CANT appears to
share a certain amount of variance of FACT-I-SR. In the FACT-II-SR,
subjects are required to move to the next target after responding to the
current target. This involves attention shift which includes disengaging from

the current target, locating the next target, and shifting attention to it.
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Therefore, students with a high orienting score could be disadvantaged in the
FACT-II-SR in terms of speed, thus resulting in a slower performance.
Additionally, the speed—accuracy trade phenomenon seem to play a role in the
result. The percentage of correct responses in the CANT 1is negatively
correlated with the speed performance, ie, FACT-I-SR power of
concentration performance, whereas the median response time in the CANT is
positively correlated with the accuracy performance, ie., FACT-I-SR
concentrations’ correctness. This implies that the speed and the accuracy
performance in the CANT predict the speed and the accuracy in the FACT-
o -SR.

Even though the correlation coefficients are statistically significant, they are
still low to moderate estimates. That is, there are still variances of FACT-1I
-SR that the CANT can not explain. The low to moderate correlation
coefficients between the CANT and FACT-II-SR could be due to the
difficulty in operationally defining attention. As mentioned, attention is an
umbrella term involving multiple aspects of mental processing. The CANT
defines attention as attention networks involving achieving and maintaining
alertness, selecting target information from sensory input, and resolving
conflict among responses (Fan et al., 2002). On the other hand, FACT-I-SR
defines attention as speed, accuracy, the performance balance when
discriminating targets and non-targets. Although both of them calculate their
values on the basis of response time and accuracy, the way they
operationally define attention differs. However, since both of them are direct
measures to evaluate attention, there should be attention mechanisms
commonly occurring. Hence, it 1s important to clarify the attention
components of interest before selecting attention measures.

The CANT scores are meaningfully correlated with the attention-related
behavior rating scores. The executive attention network score is positively

correlated with the teachers’ rating score. Although there is no study

_63_



investigating criterion validity of the CANT, Beck et al. (2008) reported a
moderate to high correlation between the ANT scores of brain—damaged
patients and the attention-related questionnaire score rated by clinic staffs.
However, Beck et al. (2008) did not use the subtraction formula suggested by
Fan et al. (2002) but used the separate RT data in different cue and flanker
condition. Even though the subjects in this study were typically—developing
students, the executive control score of the CANT demonstrates its possible
influence on students inattentive behaviors in school. This result implies that
the executive control assessed in the CANT could account for the
underpinning mechanism of inattentive behaviors of normal children.
Laboratory tasks involving monitoring and resolving conflicts, such as stroop
task and spatial conflict tasks have been used in studies on effortful action
control (Simonds, Kieras, Rueda, & Rothbart, 2007). Attentional control is
considered to be crucial in cognitive, emotional, and behavioral regulation
(Luszczynska et al., 2004; Ochsner & Gross, 2005). The CANT asking
students to decide the direction of the target fish surrounded by incompatible
distracters could account for the behavioral dysregulation of inattentive
students.

The orienting score is positively correlated with the parents’ rating scores.
The result implies that orienting deficit influences inattentive behaviors of
students, at least at home. A high orienting score indicates difficulty in
disengaging attention from the fixation mark. Adults with dyslexia also have
been reported to have impaired attentional orienting (Buchholz & Davies,
2007). Disengagement difficulty has also been found in patients with parietal
lesions (Fan & Posner, 2004). Therefore, it would be valuable to investigate
how orienting affects academic achievement of children.

However, the alerting score did not show statistically significant
relationship with the survey-based scores. This might be because the two

types of attention assessments measure different types of alerting. The
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alerting score of the CANT represents phasic alertness, which is the rapid
change in attention due to infrequent and unexpected events as warning
signals followed by stimulus presentation. On the other hand, the items in the
questionnaires measure tonic alertness, which refers to intrinsic arousal
involved in sustaining attention for minutes to hours (DeGutis & Van Vleet,
2010). Tonic alertness rather than phasic alertness seems to affect inattentive
behaviors.

Study 1 has several limitations. Firstly, it only dealt with a limited number
of validity and reliability indices. It is important to test several aspects of
psychometric features to assure a test’s reliability and validity. This study,
however, did not test other measures such as inter-scorer reliability and
predictive validity, hence requiring more rigorous psychometric evaluation on
the CANT in the future. Secondly, the sampling method and the sample size
in this study restrict generalizing the results. The school was selected by
convenient sampling, and the samples were all volunteers. Since it was
required to obtain agreement from the participants and their legal guardians,
voluntary sampling—a non-probability sampling method- was inevitable for
this study. Additionally, only 71 students participated in this study.
Performance-based tests take a long time and are hard to conduct
simultaneously with a large number of subjects as survey-based tests can.
However, to attain a more generalizable result, it is crucial to use as many
samples as possible recruited by random sampling methods. Future studies
should accommodate more samples to test other psychometric characteristics
of the CANT.

This study, however, contributes to attention literature. Several
performance-based attention measures have been developed and examined
their wvalidity. However, due to the lack of their operational definition of
attention constructs in the studies, it was unclear which values to select to

make inferences about attention. On the other hand, the attention network
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theory is a well-established and validated theory. Therefore, the ANT that
measures the attention networks accordingly has been widely used in various
academic fields. Although there were studies examining the reliability and
validity of the measure, there were no studies on the CANT. Previous studies
using the CANT failed to report its psychometric properties in their samples
with diverse cultural backgrounds. Hence, this study provides a foundation for
more use of the CANT in Korea by testing its psychometric quality and

offering further suggestions to improve it.
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IV. Study 2

1. Research Question

Study 2 aims to test the ecological validity of the CANT in an academic
setting. The CANT is a test that is conducted in a controlled situation with
possible contaminators eliminated. It uses pictures of fish in a clean blue
background for students to respond to. In contrast, other sensory inputs, such
as noise and other visual stimuli, distract students’ attention in real
classrooms. In order to demonstrate the ecological validity of the test, the
performances in the test should be associated with those in real-world
cognitive activity, in this study, mathematical word problem-solving. Based
on the theoretical implications, the sub-questions for Study 2 were generated

as follows:

Research Question: Does the CANT account for individual differences in the

mathematical word problem performance?

Sub—questions:

1. Do the CANT performances significantly predict those on the
mathematical word problem test after the controlling computation skill?

1-1. Does the CANT_PCR significantly predict the mathematical word
problem-solving performances?

1-2. Does the CNAT_RTua significantly predict the mathematical word

problem-solving performances?
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2. Does CANT_A significantly moderate the performances on the word
problems?

2-1 Does CANT_A moderate the accuracy in word problem-solving?

2-1. Does CANT-A moderate the speed in word-problem solving?

3. Does CANT_O significantly moderate the performances on the word
problems with irrelevant information?

3-1. Does the CANT_O moderate the accuracy in solving word problems
with irrelevant information?

3-2. Does the CANT_O moderate the speed in solving word problems with
irrelevant information?

4. Does the CANT_EC significantly moderate the performances on the word
problems with inconsistent relational terms

4-1. Does the CANT_EC moderate the accuracy in solving word problems
with inconsistent relational terms?

4-2. Does the CANT_EC moderate the speed in solving word problems
with inconsistent relational terms?

5. Is the accuracy and speed pattern similar in the CANT and the word

problem-solving?

2. Methodology

1) Participants

The target population for this study included fifth and sixth—grades
students in a province, Korea. Participants were recruited in the same
elementary school as in Study 1. Since there were multiple classes per grade,

two classes in each grade were selected using the convenient sampling
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method, with the class examined in Study 1 excluded. The researcher visited
the homerooms of the chosen classes and explained the purpose of the study,
the tests the students would be asked to take, and rewards. Then permission
letters were distributed to those who were willing to participate in the study.
they were asked to return the letter with their parents or legal guardians’
signature within a week. As a result, 89 letters were distributed, and 31
letters were returned. After excluding missing data of a student, 30 students’
data were used in the analysis. The characteristics of the subjects are

described in Table 13.

Table 13

Demographic Characteristics of Subjects

Grade Number of Number of Male Number of Female
Subjects(%) Subjects(%) Subjects(%)
5 19(61) 9(64) 10(59)
6 12(39) 5(36) 7(41)
Total 31(100) 14(100) 17(100)

2) Measurement
(1) The Child Attention Network Test (CANT)

The CANT was employed in the same way as descried as in Study 1.

(2) Mathematical Achievement Test (MAT)
The mathematical Achievement Test was composed of two parts: a math
computation test (MCT) and a mathematical word problem test (MWPT).

MWPT was composed of one-step word problems using arithmetic operations
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of addition, subtraction, multiplication, and division using integers. There were
twenty word problems in total. All of them were extracted or modified from
the previous studies on word problem solving (An, 2013; Jung, 2015; Lee,
2005; Sim, 2006). Five of them (items 5, 11, 14, 16, and 19) included
irrelevant information for solving the problems, thus involving orienting
manipulation (MWPT_O). Seven of them (items 1, 2, 7, 10, 17, 18, and 20)
contained inconsistent relational terms to describe the unknown variables, thus
involving executive control manipulation (MWPT_EC). Four of them (items 4,
9, 12, and 15) contained irrelevant information and inconsistent relational
terms, thus involving orienting and exXecutive control manipulation
(MWPT_OEC). Four of them (items 3, 6, 8 and 13) were filler questions
without manipulation (MWPT_NO). The MCT consisted of simple arithmetic
questions. It was used to control the degree of automation in computation
skills on the performance in the MWPT. There were ten questions of
addition, subtraction, multiplication, and division. A practice problem was
provided to explain how to register answers and proceed to the next question
in each part. The outcome of the mathematical achievement test was based

on the response time and number of correct responses.

3) Data Collection

The data were collected in September of 2020. Students were invited to a
classroom with laptops set up on the desks. They took the CANT first, as
described in Study 1. Then they took the MCT on the same laptop. They
looked at the math problems presented on the screen, then entered their
answers using the number pads on the keyboard. After registering their

“

answers, the subjects clicked on the S A" meaning “Next Question”
button using the mouse. A piece of empty regular-sized paper and a pencil
were provided in case the subjects would like to use for calculation. A

practice quiz was given, followed by ten simple arithmetic questions. The

_70_



researcher explained to the participants how to take the math tests
individually. Finally, they took the MWPT on the same laptop in the same
way as taking the MCT. It took less than 3 minutes for the MCT and
approximately 10 minutes for the MWPT. The percentage of correct
responses (PCR) and the mean response time for correct responses (RTmean)
were collected for later analysis. All the math questions were presented using

the Inquisit Lab 5 software.

4) Data Analysis

Descriptive statistic analysis was conducted to calculate means, standard
deviations, and correlation coefficients between the scores. In order to answer
Sub—question 1, Pearson correlation analysis was conducted to determine the
correlation between speed and accuracy performances on the CANT and
MWPT. After detecting significant correlations, hierarchical linear regression
analysis was conducted using the performances in MWPT as a dependent
variable and the accuracy and the median response time from the CANT as
independent variables. The MCP performances were entered in the first step
of the equation in order to identify the independent ability of the CANT
variables in accounting for the WMPT performance.

In order to answer Sub—questions 2, the participants were divided into two
groups based on their CANT_A. The median of CANT_As was used as a
cut-off for separating groups. Then the relationships between CANT_A and
MWPT_PCR and MWPT_RTean in each group were examined by Pearson
correlation analysis and regression analysis.

In order to answer Sub—questions 3, the participants were divided into two
groups based on their CANT_O. The median of CANT_Os was used as a
cut-off for separating groups. Then the relationships between CANT_O and
the percentage of correct responses in solving word problems with irrelevant

information (IMWPT_PCR_O) and the mean response time for correct answers
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in solving word problems with irrelevant information (MWPT_RT e O) were
examined by Pearson correlation analysis and regression analysis.

In order to answer Sub-questions 4, the participants were divided into two
groups based on their CANT_EC. The median of CANT_ECs was used as a
cut-off for separating groups. Then the relationships between CANT_EC and
the percentage of correct responses In solving word problems with
inconsistent relational terms (MWPT_PCR_EC) and the mean response time
for correct answers in solving word problems with inconsistent relational
terms (MWPT_RTpean EC) were examined by Pearson correlation analysis
and regression analysis.

The speed and accuracy performance patterns in the CANT and the
MWPT were visualized in a quadrant graph to answer Sub-question 5. The
means of speed and accuracy performance in each test were used as centers
for the x—axis and the y-axis of the graph. The performances were marked
on the quadrants and compared.

Correlation coefficients of less than .30 were interpreted as neglectable
correlation, coefficients .from .30 to .49 were interpreted as weak correlation,
coefficients from .50 to .69 were considered as moderate correlation, and
coefficients of .70 and more were interpreted as high correlation (Mukaka,
2012). The statistical significance cut-off was .10 due to the small sample

size in the study. SPSS was used for statistical analysis.

3. Result

1) Result of Descriptive Statistic Analysis

After excluding an outlier, data from 29 samples were analyzed. Table 14
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presents the descriptive statistics for the performances on both measures. The
attention network scores demonstrated correlations with the math achievement
test results. CANT_A showed a moderate positive correlation with
MWPT_OEC_PCR (r = 52, p = .01) and a weak correlation with
MCT_RTmean (r = 42, p = .02). It tended to show a weak negative correlation
with MWPT_OEC_PCR (r = -31, p = .10) and a weak positive correlation
with MWPT_NO_RThen (r = .35, p = .06). CANT_O tended to show weak
positive correlations with MWPT_O_PCR (r = 35 p = .06) and
MWPT_O+OEC_PCR (r = .34, p = .06).

CANT_EC showed positive correlations with the response times in the
math test and negative correaltions with the accuracy. CANT_EC showed
weak positive correlations with MWPT_NO_RTyewm (r = 37, p = .04) and
MCT_RTmean (r = .39, p = .04). It tended to show positive correlations with
MWPT_RTmean (r = 33, p = .08), MWPT_EC_RTwean (r = .36, p = .05),
MWPT_EC+OEC_RTmean (rr = .35, p = .06). Although it did not reach to the
significance level, CANT_EC appeared to show a positive correlation with
MWPT_O+OEC_RTpean (r = 31, p = .10). However, it showed a moderate
negative correlation with MWPT_NO_PCR (r = -52, p = .01) and tended to
show a negative correlation with MWPT_OEC_PCR (r = -.38, p = .05).

CANT_PCR appeared to show positive correlations with the accuracy of the
math test. It showed a weak positive correlation with MWPT_PCR (r = .44,
p = .02) and MWPT_NO_PCR (r = 41, p = .03). Additionally, it tended to
show a positive correlation with MWPT_EC+OEC_PCR (r = 44, p = .02).
However, it appeared to show negative correlations with the response times
on the math test. It showed negative correlations with MWPT _RTmenm (r =
-47, p = 01, MWPT_EC+OEC RTwem (r = -44, p = .02),
MWPT_NO_RTwean (r = =47, p = .02) and MCT_RTwemn (r = -.60, p = .01).
Although it did not reach to the significance level, CANT_PCR showed a
negative correlation with MWPT_O_RTean (r = .31, p = .10).
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Table 14
Result of Pearson Correlation Analysis between the Scores of the CANT and MAT (N = 29)

Var. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
1 —
2 17 -
3 4 32 -
4 01 3r -.07 -
5 04 18 .05 -.09 -
6 .08 18 -11 18 Al -
7oA -17 390 -60" .25 15 -
8§ -10 17 -.23 A4 .19 A3 -.30 -
9 27 -.20 33t 47 18 -.09 68" -.36 -
10 -12 3 .05 .24 .19 .28 -.38 B8 -.26 -
1 19 -13 .25 =31t -.08 -22 AU -6 81 -.32f -
12 .00 10 -.17 17 .00 -09 -14 25 -.09 -11 -.08 -
13 13 -07 361 -11 12 .00 18 -.07 22 -.10 .00 09 -
14 -3 - -.38 .06 .20 .08 -.08 21 02 -.03 -.04 50" -.03 -
15 B2 -0 .30 -.09 21 19 .38 -10 45 -.12 Al .09 32° 07 -
16 -07 A -.01 37 17 35" -38° 81"  -30 .84 -43 13 -.02 18 -.07 -
17 24 -15 3t -.29 .04 -.29 37" -50" 87 -29 88"  -.03 A1 .00 A1 -.33 -
18 -07 01 -.16 33t .20 A2 -.07 89" -18 .25 -51" .30 -.03 22 -.01 587 34t -
19 23 =17 350 a4 .20 -.15 59 =34t 91 -23 65 -2 .29 -.02 .28 -28 83" -4 -
20 - .16 -52" Al -.11 .04 -.46" AT -54" 18 -48 24 -.08 .23 -.19 31 -58" .20 -57" -
21 3 -11 37 -AT .29 .08 6™ -320 85 -21 66 -.08 347 .06 53" -.25 60” -.21 64 341 -
M %32 4212 67.00 %43 20940 A48 oA o I®LT 07 20460 081 Zob10 7LD BHT T8 BB OB 2B HHA 14017
SD 066 RSy 2846 2.0 5543 821 2627 1230 {712 1719 A 2BR BBB 0 2B YB8H 1653 OB 1691 O 1560 HI3M

MNote 1 = the CANT derting score; 2 = the CANT arienting score; 3 = the CANT executive soore; 4 = the percentage of correct responses in the CANT, 5 = The median response time for the comrect answers in the CANT; 6 = the percentage of correct responses
inthe MCT; 7 = the mean response time in the MCT. 8 = the percentage of correct responses in the MWPT; 9 = the mean response time for correct answers in the MWPT; 10 = the percentage of correct answers in the MWPT including irelevant inforation; 11
= the mean response time for comect answers in the MWPT including irelevant information; 12 = the percentage of comrect responses in the MWPT inclduing inconsistent relational terms; 13 = the mean response time in the MWPT including inconsistent. relational
temns; 14 = the percentage of comect responses in the MWPT including imrelevant informetion and inconsistent relational terms ; 15 = the mean response tine for correct responses in the MWPT including irrelevant information and inconsistent. relational ters; 16 =
the percentage of comrect responses in the MWPT with irelevant informmtion + with irelevant information and inconsistent relational terms; 17 = the mean response time for correct answers in the MWPT with irelevant informmtion + with imelevant information and
inconsistent relational terms; 18 = the percentage of comect response in the MWPT with inconsistent relational terms + with irrelevant information and inconsistent relational terms; 19 = The mean response time in the MWPT with inconsistent relational terms + with
irrelevant information and inconsistent relational tems; 2) = the percentage of correct responses in the MWPT without manipulation; 21 = the mean response time for correct anwers in the MWPT without manipulation.
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Lastly, CANT_RT.a showed a weak positive correlation with MCT_PCR (r
= 41, p = .03). CANT_RTua showed neglectable positive correlations with
the other scores except MWPT_O RThean (r = -08, p = .69 and
MWPT_NO_PCR (r = -11, p = .59).

2) The Influence of the CANT Accuracy and Speed on the MWPT
Performances

In order to test if the accuracy of the CANT can predict the accuracy and
speed in the MWPT, hierarchical regression analysis was conducted. The
accuracy and speed performances of the MCT were used as confounding
variables to be controlled.

As Table 14 indicates, the CANT_PCR showed a significant correlation
with the MWPT’s accuracy (r = 44, p = .02). The MCT_PCR also showed a
positive correlation with MWPT_PCR (r = 42, p = .03). These results
demonstrate that the CANT’s accuracy could account for a unique variance of
the MWPT’s accuracy. In order to test if the accuracy performance of the
CANT can predict that on the MWPT, hierarchical regression analysis was
conducted.

As Table 15 summarizes, CANT_PCR had a positive correlation with the
number of the correct answer in the MWPT (8 = 37, p = .03). The first
model indicates MCT_PCR accounted for 17% of the variance of
MWPT_PCR. The second model demonstrates MCT_PCR and CANT_PCR
explained 31% of the accuracy performance in the MWPT. CANT_PCR
appeared to explain 14%6 of MWPT_PCR accuracy after controlling the effect
of MCT_PCR. These results demonstrate that the CANT accuracy accounts
for a unique variance of the MWPTSs’ accuracy.

CANT_PCR was negatively correlated with the MWPT_RTpean (r = —47, p
= .01). In order to test if it accounts for a unique variance of MWPT_RT pean,

hierarchical analysis was conducted entering MCT_RTneam as a confounding
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variable. MCT_RT e accounted for 46% of the variance of MWPT_RTean, 5
= 69, F(, 27) = 2338, p < .001. After controlling the MCT_RTean,
CANT_PCR appeared to account for 1% of the MWPT_RTuyen Vvariance.
However, CANT_PCR showed a moderate negative -correlation with
MCT_RTpean (r = -.60, p = .01), another regression test was conducted in
order to see if MCT_RT,en mediates the relationship between CANT_PCR
and MWPT_RTean. As Table 16 presents, CANT_PCR accounted for 22% of
the MWPT_RTwean, 8 = —47, F(1, 27) = 771, p = .01, when it was the only
variable entered in the regression. However, after entering MCT_RTean In
the regression, its influence decreased, 8 = -.10, F(1, 27) = 23.38, p = .60.
This proved the mediating role of MCT_RTen In the relationship between
CANT_PCR and MWPT_RTpean.

CANT_RTma showed a positive correlation with MWPT_PCR (r = 19, p =
32) and MCT_PCR (r = 41, p = .03). Since MCT_PCR were positively

correlated with MWPT_PCR (r = 43, p = .02), regression analysis was

Table 15
Result of Hierarchical Regression Analysis for CANT PCR Predicting
MWPT PCR (N = 29)

Model 1 Model 2
Variable
B B SE B B SE
Constant 16.04 24.56 -138.92 72.20
MCP_PCR 63 437 .26 53 .36 25
CANT_PCR - - 1.70 37 75
bied 18° 32
AR 14"

Note. MCP_PCR = the percentage of correct responses in the MCP; CANT_PCR =
the percentage of correct responses in the CANT.
p < .0b.
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conducted to see 1if MCT_PCR mediates the relationship between

CANT_RTunan and MWPT_PCR. However, the regression model did not

appear significant, F(1, 27) = 1.05, p = .31, therefore no further analysis was

followed.

Table 16

Result of Hierarchical Regression Analysis r MCT RTye., Mediating
CANT PCR and MWPT RTyewm (N = 29)

Model 1 Model 2
Variable
B B SE B B SE
Constant 109461.43 32302.84  28167.59 35810.02
CANT_PCR  -929.569 - AT 334.86 -188.08 -.10 352.99
MCT_RTmean 1.38 62" 40
Voot 22 AT
AR? .22

Note. CANT_PCR = the percentage of correct responses in the CANT ; MCT_RTean
= the mean response time for correct responses in the MCT.
p < .05 "p < .01. p < .001.

Table 17

Result of Regression Analysis for CANT R Ty, Predicting MWPT RTyexw (N = 29)

B SE B F D
Constant 10830.56 2330.92
.88 .36
CANT_RTman 17.651 31 18

Note. CANT_RTan = the median response time for correct responses in the CANT;
MWPT_RThean = the mean response time for correct responses in the MWPT ;

MCT_RTean = the mean response time for correct responses in the MCT.
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CANT_RTna showed a positive correlation with MWPT_RTpeann (r = 18, p
= 35) and MCT_RTmeann (r = .25, p = .19). As Table 17 shows, the result of
regression analysis demonstrated that the regression of CANT_RTmm
accounting for MWPT_RTean Was not statistically significant, F(1, 27) = .88,

p = .36. Therefore, no further analysis was followed.

3) Moderating effect of CANT_A on the MWPT Performances

In order to see the moderating effect of CANT_A on the MWPT
performance, the participants were divided into two groups; the high alerting
group and the low alerting group. The correlation analysis between CANT_A
and MWPT_PCR and MWPT_RTexm Were conducted on each group. As
Table 18 shows, CANT_A showed a positive correlation with MWPT_PCR (r
= 07, p = 82) in the low CANT_A group, and a positive correlation (r = .20,
p = 48) in the high CANT_A group. The regression analysis of CANT_A
predicting MWPT_PCR did not appear statistically significant, #(1, 13) = .06,
p = 82 and F(1, 14) = 54, p = 48, respectively. In addition, CANT_A
showed neglectable correlations with MWPT_RT e in both groups (r = .05,
p =87 and r = -07, p = .80, respectively). The regression of CANT_A
predicting MWPT_RT ean Was not significant, F(1, 13) = .03, p = .87 and F(1,

14) = .07, p = .80, respectively.

Table 18

Result of Pearson Correlation Analysis between CANT A and the MWPT
Performances in the High CANT A and Low CANT A Groups (N = 29)

Low CANT_A Group High CANT_A Group
CANT_A CANT_A
MWPT_PCR 07 .20
MWPT_RT pnean .05 -.07

Note. CANT_A = the CANT alerting score; MWPT_PCR = the percentage of correct responses
in the MWPT, MWPT _RT.eaw = the mean response time for correct responses in the MWPT.
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4) The Moderating Effect of CANT_O on Solving Word Problems with
Irrelevant Information

Table 19 shows the result of Pearson correlation analysis between
CANT_O and the accuracy and speed in solving word problems with
irrelevant  information. CANT_O showed positive correlations  with
MWPT_O_PCR (r = 28, p = .34) in the low CANT_O group and the high
CANT_O group (r = .22, p = 42). It showed positive correlations with
MWPT_O_RTyeam in both groups (r = 14, p = 63 and r = .16, p = .57,
respectively). Regression analysis were conducted in order to see if the
influence of CANT_O on the MWPT_O performances varies among different
CANT_O groups. However the regressions of CANT_O predicting the
MWPT_O_PCR did not appear significant in both groups, F(1, 13) = 99, p =
34 and F(1, 14) = 49, p = 42, respectively. The regressions of CANT_O
predicting the MWPT_O_RTmean also appeared not significant, F(1, 13) = .24,
p = 63 and F(1, 14) = 33, p = .57, respectively.

Table 19

Result of Pearson Correlation Analysis between CANT O and the MWPT
Performances in the High CANT._ O and Low CANT._O Groups (N = 29)

Low CANT_O Group High CANT_O Group
CANT_O CANT_O
MWPT_O_PCR 28 22
MWPT_O_RTnean 14 .16

Note. CANT_O = the CANT orienting score; MWPT_O_PCR = the percentage of
correct responses in the MWPT with irrelevant information, MWPT_O_RT e = the

mean response time for correct responses in the MWPT with irrelevant information.
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50 The Moderating Effect of CANT_EC on Solving Word Problems
Including Inconsistent Relational Terms

In order to test if the influence on CANT_EC on the performance in
solving word problems with inconsistent relational terms varies among groups
with different CANT_EC, Pearson correlation analysis and regression analysis
were employed. As Table 20 indicates CANT_EC showed a negative
correlation with MWPT_EC_PCR in the low CANT_EC group (r = -.35, p =
22), but did not any correlation in the high CANT_EC group (r = .00, p =
1.00). It showed a negative correlation with MWPT_EC_RTgen in the low
CANT_EC group (r = -42, p = .14), but a positive correlation in the high
CANT_EC group (r = .10, p = .73). Regression analysis was conducted to
test if the impact of CANT_EC on the performance in the MWPT with
inconsistent relational terms varies among students with different CANT_EC.
However, the regression of CANT_EC predicting MWPT_EC_PCR appeared
statistically insignificant in the low CANT_EC group, F(1, 13) = 4.68, p = .22,
and in the high CANT_EC group, F(1, 14) = .00, p = 1.00. The regression of
CANT_EC predicting MWPT_EC_RTean also did not appear significant in the
low CANT_EC group, F(1, 13) = 257, p = .14, and in the high CANT_EC
group, (1, 14) = 13, p = .73.

Table 20
Result of Pearson Correlation Analysis between CANT EC and the MWPT
Perormances in the High CANT EC and Low CANT EC Groups (N = 29)

Low CANT_EC Group High CANT_EC Group
CANT_EC CANT_EC
MWPT_EC_PCR -.35 .00
MWPT_EC_RTmean -42 10

Note. CANT_EC = the CANT executive control score;, MWPT_EC_PCR = the
percentage of correct responses in the MWPT with inconsistent relational terms;
MWPT_EC_RTean = the mean response time for correct responses in the MWPT

with inconsistent relational terms.
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6) The Performance Pattern in the CANT and MWPT
The accuracy and speed performances of the CANT and MWPT are
depicted in Figure 6. Three students (S, V, Q) in Quadrant II showed the
same pattern (high accuracy and fast speed), two students (J, H) in Quadrant
M showed the same pattern (low accuracy and fast speed), and four students
(B, F, L, O) in Quadrant IV showed the same pattern (low accuracy and
slow speed) in both tests. Eleven students (A, E, G, R, U, W, X, Y, Z, AA,
and AC) showed the same accuracy pattern in the tests, and four students
(C, D, N, and AB) showed the same speed pattern in the tests. Four students
(I, K, M, and P) showed the opposite pattern (high speed and low accuracy
in the CANT, but low speed and high accuracy in the MWPT). It can be
inferred that most of the cases show a similar pattern in terms of either

speed or accuracy performance in the two tests.

Figure 6
The Pertormance Pattern in the CANT and the WMPT

CANT_PCR MWPT_PCR
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Note. CANT_PCR = the percentage of correct responses in the CANT, CANT_RTua = the
median response time in the CANT; MWPT_PCR = the percentage of correct responses in the
MWPT; MWPT_RTean = the mean response time for correct responses in the MWPT. The
alphabet letters indicate each sample. The samples in the circle showed the same speed and
accuracy pattern in both tests. The samples in the rectangle showed the same accuracy pattern

in both tests. The samples in the triangle showed the same speed pattern in both tests.
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4. Discussion

Study 2 tested the ecological validity of the CANT in the context of
mathematical word problem-solving. Based on the attention network theory
and Mayer’s (1980) model of mathematical problem-solving, it was assumed
that the performance in the CANT would predict the performance in the word
problem-solving. The main findings from Study 2 are as follows.

Firstly, the CANT accuracy performance significantly predicts the accuracy
and response time in the word problem solving. The result indicates that the
accuracy performance in the CANT can be generalized in the mathematical
problem-solving situation. Studies using the ANT as an attention measure
predicting mathematical achievement employed only the three attention
network scores (Antonini et al., 2016; Gold et al, 2013), resulting in no
correlations between the networks and math achievement. Furthermore, no
studies on the relationship between mathematical achievement and attention
measured by the CANT could be traced. Therefore, this result is valuable
since it demonstrates the ecological validity of the CANT.

The finding also leads researchers to reconsider what the accuracy data
indicates in terms of the attention networks’ efficiency. The CANT’s accuracy
data was often neglected because the ANT was developed to mainly measure
the three networks' efficiency. In some studies, the accuracy data did not
show significant group differences (Redick & Engle, 2006), whereas other
studies revealed individual differences in accuracy among participants of
different ages and genders (Rueda et al., 2004; Westlye, Grydeland, Walhovd,
& Fjell, 2010). Besides, Johnson et al. (2008) have found out that ADHD
students showed a higher number of incorrect responses in incongruent

conditions than typically developing peers, hence implying the accuracy
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performance could be used as an indicator for ADHD. Fan and Posner (2004),
who participated in developing the ANT and CANT, suggested to consider
the accuracy data in interpreting the efficiency of attention networks.
Therefore, future studies need to find out further possibility for the CANT’s
accuracy performance to be generalized in other everyday life settings such
as other school subjects and social activities.

On the other hand, the median RT of the CANT does not predict the
accuracy and speed performances on mathematical word problems. Since no
studies have investigated the relationship between the CANT’s speed measure
and mathematical performance, the explanation of this result could only be
inferred from studies with another variable, processing speed, which
seemingly shares a similar mental aspect with the response time. Processing
speed can be defined as the efficiency or the speed at which one executes
simple cognitive tasks (Passolunghi and Lanfranchi, 2012). The effect of
processing speed on math achievement is inconsistent across studies. Bull and
Johnston (1997) found that processing speed measured by a visual number
matching, cross—out task, and perceptual-motor speed was the best predictor
of arithmetic ability of 7-year-old children. Processing speed measured by a
visual matching task predicted the outcome of math fact fluency test with
answers ranging from o to 12 but did not predict the arithmetic word
problem performance (Fuchs et al., 2006). Besides, processing speed measured
by target reaction tasks did not predict the math performance of middle
school students (Cai, Li, & Deng, 2013). Consequently, the influence of speed
on the CANT could differ depending on subjects and math problems,
suggesting further research on its role in diverse contexts.

Secondly, the scores of the CANT alerting, orienting, and executive control
demonstrate different levels of ecological validity. The alerting network has a
weak positive correlation with the speed performance in the word problems

without manipulation and in the mathematical computation test. That is,
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students with a higher alerting score take a longer time to solve word
problems without manipulation and in the simple mathematical computation
problems. The result also demonstrates that alerting does not have
meaningful correlation with the accuracy and speed performances in the
mathematical word problem-solving. This indicates that the alerting score can
be generalized mostly in simple mathematical problem-solving that requires
no additional thinking strategy.

Thirdly, the orienting score shows a positive correlation with the accuracy
in the mathematical word problems with irrelevant information. This indicates
that students with a higher orienting score can be expected to make fewer
errors In solving mathematical word problems with irrelevant information.
Thus, the orienting score can be generalized in solving word problems with
irrelevant information in terms of accuracy. However, although a meaningful
correlation between the orienting score and the word problem-solving
performances can be found, the orienting score’s influence on solving word
problems including irrelevant information is not different among groups with
the different orienting scores. Therefore, it could be concluded that the
generalizability of the CANT orienting score on the mathematical
problem-solving is partially supported.

Fourthly, the executive control score is positively correlated with the speed
performance in word problems with inconsistent relational terms. The result
indicates that students who struggle in resolving conflicts in the CANT need
more time to monitor inconsistent relational terms and to resolve the conflicts
between the language and the operation required in the problem-solving. In
addition, the executive control score is negatively correlated with the accuracy
and positively correlated with speed in the word problems without
manipulation. This indicates that the students who spend Ilonger time
monitoring and resolving conflicts in the CANT take a longer time and make

errors in solving simple word problems. However, although a meaningful
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correlation between the CANT executive control score and the word
problem-solving performances can be found, the CANT executive control
score does not significantly predict the performance in solving word problems
with irrelevant relational terms. Therefore, it could be concluded that the
generalizability of the CANT executive control performance is partially
supported.

However, the small size of correlation coefficients between the attention
network scores and the performances in the word problems with manipulation
needs to be noted. The alerting network score is not meaningfully correlated
with the performance in the word problems with manipulation. The orienting
score is only weakly correlated with the accuracy and shows a neglectable
correlation with the response time for the word problems with irrelevant
information. The executive control score 1s weakly correlated with the
response time and shows a neglectable correlation with the response time in
the word problems with inconsistent relational terms. One explanation for
these results could be that there are other cognitive or motivational factors
playing more crucial roles in solving complex word problems. Complexity can
be determined by the number of steps the problem solver needs to take
(Musso, Boekaerts, Segers, & Cascallar, 2019) and by the quality of the
information provided in the test (Kim & Kim, 2006). Musso et al. (2019) have
found out that the accuracy performance on high complexity/low difficulty
items was not predicted by executive attention but was predicted by working
memory and subjective competence. This indicates that there could be other
cognitive and motivational factors than attention contributing to a complex
math problem -solving. However, as this study demonstrates, alerting and
executive control networks are significantly correlated with the performance
in simple math problems: simple arithmetic computations and word problems
without manipulation. In other words, the degree of attention’s influence

varies depending on the amount of cognitive demand that mathematical word
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problems require.

On the other hand, the small sample size in this study might have
contributed to underestimating the correlations. Statistical power depends on
the sample size, and the true population value could be under- or
over—estimated by the sample size (Wolf, Harrington, Clark, & Miller, 2013).
Antonini et al. (2016) found out the orienting score, along with alerting, was
significantly correlated with the math achievement of 147 students at the age
of 7 to 11. Hence future researchers would want to recruit more samples
representing the target population to expand the knowledge this study has
gained.

Lastly, the performance in the CANT demonstrates a similar pattern in the
mathematical word problem-solving. Except for four cases, all the samples
exhibit the same accuracy or speed pattern, sometimes both as expected. This
indicates that there is a similar individual characteristic operating in the two
cognitive tasks. Kim and Youn (2013) grouped young children’s cognitive
styles according to the result of the Matching Familiar Figure Test. As they
proposed, the efficient group (high speed and high accuracy), impulsive group
(high speed and low accuracy), reflective group (slow speed and high
accuracy), and inefficient group (slow speed and low accuracy) were identified
in this study. Furthermore, their cognitive styles detected in the CANT are
similarly reflected on the MWPT. Therefore, the speed X accuracy pattern in
the CANT can represent the pattern in mathematical problem-solving, thus
demonstrating the ecological validity of the CANT.

There are several limitations in generalizing the findings in this study. Due
to the small sample size and the items in the test, one participant or an item
could considerably change the results. Therefore, future researchers would
want to sample more students and generate more items measuring academic
achievement-related variables. Confounding variables influencing math

performance could be attributed to the limitations. In this study, the degree of
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computation automation was the only controlled confounding variable, reducing
the internal validity of the test. There could be more variables influencing
math achievements, such as IQ, emotional states, and motivation factors.
Additionally, during the computerized MWPT test, more unexpected
confounding variables were detected, such as the speed of typing number
pads and the speed of locating the mouse pointer at the "Next” button on the
screen. Also, the length of each word problem and the number of digits used
in the problems should be controlled. Future studies need to control as many
variables as possible to get a more precise contribution of attention to
academic achievement.

Nonetheless, this study contributes to attention literature in several ways.
First of all, it attempts to test the ecological validity of the CANT in the
academic setting. Few studies have examined the relationship between the
performance of the CANT and other academic achievement or school
adjustment variables. By investigating the CANT as a predictor for
mathematical achievement, this study suggests an alternative way to validate
behavioral and neuropsychological tests. Secondly, this study provides insight
into the mechanism of attention operation in the learning process. Even
though the manipulated word problems revealed partial information about
attention networks’ operation, the performance for word problems with and
without manipulation could be predicted by the attention network scores. This
implication of the study provides a need for more in-depth investigation in
the education field, thus expanding the scope of attention literature. This
study also offers a useful tool that schools can accommodate for testing

students’ attention in relation to their academic achievement.
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V. Conclusion

This research aims to evaluate the ecological validity of the CANT. Based
on the results of item analysis, validity analysis, and reliability analysis with
Korean samples, it can be concluded that the CANT consists of valid items
that discriminate individual differences. The reliability of the CANT ranges
from poor to excellent depending on the scores. In addition, the CANT scores
showed meaningful correlations with the scores from  another
performance-based attention measure and behavioral rating scales. These
results indicate that the CANT is a valid attention measure with quality
items, but its reliability needs improvement. This research also examines the
ecological validity of the CANT in an educational setting. By exploring the
relationship between the CANT scores and the mathematical word
problem-solving performances, this research reveals that the CANT result
predicts the mathematical word problem-solving performance, thus providing
evidence for generalizing the test result to academic achievement.

This research clearly illustrates the psychometric properties of the CANT
with Korean samples, employing various indices. Even though the ANT is a
widely used attention measure, the validity and reliability of its child version
-the CANT- has not been thoroughly investigated. It is crucial to use a
valid and reliable measure in studies to assure veracity and consistency of
the knowledge they are seeking. Therefore, it i1s a valuable attempt to
investigate the quality of the CANT utilizing multiple methods for further
attention research with children in Korea. Furthermore, this research
demonstrates the predictive power of the CANT on academic achievement.
This research, thus, contributes to expanding the scope of the CANT’s utility

from a country and experimental neuropsychological settings to places with
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different cultural backgrounds and educational settings.

However, this research raises some questions. First of all, many attention
assessments might not be measuring the same constructs. This could be why
some of the CANT scores are not correlated with the those of the criterion
measures In this study. As attention 1s an overarching term, including
multiple aspects of the mental process, attention measures should -clearly
introduce which components of attention they are devised to assess. The
meanings of the estimates that many attention measures yield need to he
interpreted in relation to the definition of attention subconstructs.

Secondly, the interplay of three attention networks could be a critical
phenomenon to be investigated. As attention network theory suggests, the
three networks carry out specific functions, but oftentimes they operate
interactively. However, the CANT randomly presents cueing and flanking
conditions in the experimental blocks resulting in the unintended interplay
among the networks. This could be the reason for the unexplained variance
between the test blocks and tests at different two times. Therefore, a new
block design that can fractionate three networks could improve the quality of
the CANT.

Based on these conclusions, attention researchers can use the CANT in
their studies investigating children’s attention in Korea. It is a
performance-based measure minimizing the influence of the examiner’s bias
on the result. It 1s a computerized test so that a large number of children can
take the test simultaneously as long as the test environment is equipped.
Furthermore, developing the CANT operating in the mobile environment
would increase the accessibility of the tool. However, researchers must
consider their operational definitions of attention or its subconstructs to
ensure the appropriate use of the CANT.

Educators may use the CANT in school settings. Attention deficits have

become a serious problem in schools. In order to obtain an objective estimate,
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educators can use the CANT to evaluate students’ attention. Its easiness in
administration and its automatic scoring system could also benefit the
interested educators. Especially if the CANT’s predictive validity is tested, it
could be a useful tool in schools for screening and testing the effects of
interventions for students. Additionally, creating more child—-friendly stimulus
or providing options to choose various stimulus for the test would motivate
students to participate in the test.

Building upon this study, future studies could validate the CANT in
different settings. The wvalidation process does not finish at the test
development stage but continues by further validating efforts or studies using
the test of interest in relation to other variables. In order to ensure the
CANT as an ecologically sound measure, its item quality, reliability, and
validity should be further investigated in various cultures. Moreover, the
CANT scores representativeness should be examined in various settings.

Furthermore, future researchers need to put effort into improving its
reliability. As suggested above, the in-block design could be revised to
eliminate noise. Standardizing test administration and different scoring
methods could be utilized. Multiple methods can be employed to reduce the
systematic error variance. This process would contribute to making the
CANT more sound.

This research builds a foundation for future attention research with
children. Examining psychometric properties is a prerequisite process before
using assessment tools in studies or educational settings. By providing
evidence for item appropriateness, reliability, and wvalidity of the CANT, this
research allows future attention researchers to have clear ideas of when and
how to accommodate the tool for their purpose. Considering the ANT’s wide
application in diverse academic fields, the CANT would also further expand
attention literature.

Additionally, this research emphasizes the importance of defining attention
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or attention  subconstructs in  studies. Estimates from = various
performance-based attention measures have been used in attention studies.
However, the latent variables that the wvalues represent were not explicitly
stated. On the contrary, the CANT was developed based on the attention
network theory, and its estimates are operationally well-defined and tested in
previous studies. The CANT would be a good example of attention
assessment showing a clear idea of which aspects of attention it attempts to
measure.

Lastly, this research provides insights into the mechanism of attention
operation In mathematical problem-solving. This implies that not only
mathematical achievement but other factors influencing successful school
adjustment could be subject to explore in relation to attention. It would be
possible to explain various problems of students and to develop intervention

programs employing the CANT.
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Appendix
Appendix A.

Korean Attention Deficit Hyperactivity Disorder Diagnostic Scale

(KADHDDS, Inattention Subscale)

Child’s Name Grade
Completed by Date

This questionnaire is to check the attention-related behaviors of your child.

Rate your child’'s behavior, as described in the box below.

0 : Absence of symptoms (rarely or does not show the behavior)
1 : Mild symptoms (Sometimes but not severely shows the behavior)

2 : Severe symptoms (Frequently and severely shows the behavior)

Ttems Abze;nce Mild Severe
symptoms symptoms symptoms
1. Does not seem to listen to others. 0 1 2
2. Is often forgetful in daily activities 0 . 5
(appointment, homework.)
3. Does not follow through on instructions and 0 ) 5
requests.
4. Has difficulty planning. 0 1 2
5. Has difficulty in completing a planned task. 0 1 2
6. Often makes careless mistakes. 0 1 2
7. Has difficulty paying attention to plays or 0 1 5
activities and cleaning up.
8. Pays attention only for a short period. 0 1 2
9. Is easily distracted by extraneous stimuli 0 1 2
10. Is easily irritated by and gives up challenging 0 ] )
tasks.
11. Has difficulty in concentrating on a task. 0 1 2
12. Has difficulty completing a task. 0 1 2
13. Often loses things. 0 1 2
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Appendix B.
Korean Teacher ADHD Rating Scale
(K-ADHDRS-T, Inattention Subscale)

Student Name Grade

Completed by Date

This questionnaire is to check the attention-related behaviors of your
student. Circle the number that best describes this students’ school behavior

over the past 6 months (or since the beginning of the school year).

Never or . Very
Items Sometimes Often
rarely often
1. Fails to give close attention to
details or makes careless 0 1 2 3
mistakes in schoolwork.
2. Has difficulty sustaining
attention in tasks or play 0 1 2 3
activities.
3. Does not seem to listen when
) 0 1 2 3
spoken to directly.
4. Does not follow through on
instructions and fails to finish 0 1 2 3
work.
5. Has difficulty organizi task
ffict vy organizing tasks 0 ) 5 5
and activities.
6. Avoids tasks (e.g., schoolwork,
homework) that require 0 1 2 3
sustained mental effort.
7. Loses things necessary for tasks
.. 0 1 2 3
or activities.
8. Is easily distracted. 0 1 2 3
9. Is forgetful in daily activities. 0 1 2 3
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Appendix C.

Mathematical Computation Test

<Practice> 7 + 2 =

1.8 +2-= 6. 8 + 25 =
2.83 + 12 = 7. 3500 - 300 =
3.30 x 3= 8.25x 7 =
4. 37 - 14 = 9.8 + 7=

5. 150 = 5 = 10. 7x 7 =
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Appendix D.

Mathematical Word Problem Test

<Practice> Jisu ate six apples last month. Segyeong ate 2 apples less than

Jisu. How many apples did Segyeong eat last month?

1. Dongho runs 6km per week for practice. He runs three times longer than

Sooyeong runs per week. How long does Sooyeong run per week?

2. There are 98 boys in grade 5. The boys number is 4 less than the

number of girls. How many girls are there in grade 57

3. There are 20 croakers in a pack. There are four packs of croakers. How

many croakers are there in total?

4. Yesterday Jaeheon picked 84 pears in the orchard and put them in 7
boxes. This number of pears is 19 less than the number of pears he
picked today. How many pears did Jaeheon pick today?

5. Soojeong has 26 marbles. Yeongseon has 8 more marbles than Soojeong,
and Hyeonhee has 15 marbles less than Soojeong. How many marbles

does Hyeonhee have?

6. The circumference of the notebook is 36cm. If the sum of the width is

1l4cm, what 1s the sum of the length?

7. The convenience store sells 120 bottles of water per day. This is as twice
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10.

11.

12.

13.

14.

as the number of bottles of water that the other supermarket sells per day.

How many bottles of water does the supermarket sell per day?

The house is 7km away from the library, and the library is 14km away
from the school. How far is the house from the school passing the

library?

. A bakery shop sells a big box which can contain 25 cookies at 2,400 won.

The big box 1s 400 won more expensive than the small box which can

contain 20 cookies. How much is a small box?

The older brother’s wooden stick is 94cm long. This stick is 16cm longer
than the younger brother's wooden stick. How long is the younger

brothers’ stick?

There are 8 small candies and 24 dry cookies in a snack pack. How

many dry cookies are there in 6 snack packs?

A bottle of strawberry juice weighs 6kg. This is twice as heavy as a
bottle of orange juice. There is 20g of orange in a bottle of orange juice.

How heavy is a bottle of orange juice?

Four children equally shared the 72m long wire. How long is the wire

that each child got?

Jinsoo weighs 21kg, and his father weighs 40kg more than Jinsoo.
Jinsoo’s brother weighs 32kg more than Jinsoo. How much does Jinsoo’s

father weigh?
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15.

16.

17.

18.

19.

20.

The teacher gave 32 students 4 oranges and 2 apples for each person. If
there is no orange and apple left, how many oranges did the teacher have

at first?

There are a 25cm?-area equilateral triangle and a 16cm®-area square.

How long is a straight side of the square?

Jaehyeop picked 84 pears in the orchard yesterday. The number of pears
he picked today is 19 more than the number of pears he picked

yvesterday. How many pears did he pick today?

Eunjoon gave 8 friends 2 pencils for each, and then there was no pencil

left. How many pencils did Eunjoon have in the beginning?

Miyeong and Yeongho participated in the marathon race to donate money
for people in need. Miyeong donated 2,500 won per lkm-long running,
and Yeonghoo donated 3,000 won per 1 km-long running. Eventually,
Yeongho donated 15,000 won after the marathon. How long did he run in

the marathon?
“A” oil station sells 1L of oil at the price of 1,547 won. This price is 5

won cheaper than the price at “B” oil station. How much is 1L of oil at

B oil station?
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