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Measuring attention at school is essential given the relationship between attention,
learning and school achievement. In this paper, we present a new battery called
Computerized Attention Measure (CAM), which includes 8 web-based tasks we
developed to measure several dimensions of attention that are crucial for school.
Two studies were conducted to test the psychometric qualities of the CAM battery
in preteens during school time. In the first study, we examined completion rate,
reliability, validity, and overall behavioral performance in a sample of 646 preteens. A
second study involving 202 preteens was conducted to replicate the main findings
of study 1 and to test the psychometric qualities of a new task assessing divided
attention. These evaluations of the CAM battery showed variability in completion,
but the two studies yielded comparable and overall satisfactory psychometric
properties, as indicated by behavioral performance and internal consistency.
Validity was supported by inter-task correlations, supporting its applicability in
school settings. Future work will need to be cautious in completion during group
sessions to reduce loss of data and to evaluate the stability of results over time
with test—retest reliability. Despite some limitations, the CAM battery appears to
meet several important criteria for evaluating preteens’ attentional performance
in a school setting.
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Introduction

Measuring attention at school is essential given the relationship with learning and
academic achievement (Franceschini et al., 2012; Keller et al., 2020; Stevens and Bavelier, 2012;
Trautmann and Zepf, 2012). While studies on attention have focused on its neural
underpinnings with influential models (e.g., Cieslik et al., 2015; Petersen and Posner, 2012)
and its dysregulation through attentional disorders (Tremolada et al., 2019), less research has
been conducted on assessing students” attention during school time in ecological settings
(Gallen et al., 2023). Since students often find attention assessment tasks to be tedious
(Lumsden et al., 2016), we designed a series of less cumbersome web-based gamified tasks
measuring several dimensions of attention in school settings.

Whereas attention may be one of the most crucial cognitive abilities in daily school life
(Gallen et al., 2023; Keller et al., 2020; Trautmann and Zepf, 2012), there is no consensus on
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its definition in the scientific literature. Attention can be categorized
into two main types: bottom-up attention, which is automatic and
stimulus-driven, and top-down attention, which is voluntary and
goal-oriented (Corbetta and Shulman, 2002). The multidimensional
nature of attention is highlighted by most models, with three core
components commonly included (Posner and Petersen, 1990): alerting
(achieving and maintaining an alert state), orienting (selecting
information via attentional shifts), and executive control (monitoring
and resolving response conflict). In such a framework, the Attention
Networks Test (ANT) is a well-known task in neuroscience and
cognitive science that allows the assessment of the three attentional
networks with only one task (de Souza Almeida et al., 2021; Fan et al.,
2002). In addition, several studies have examined goal-directed
components of attention that can be related to the three attention
networks. Supported by prior research (e.g., McDowd, 2007; Talalay,
2024), these components include sustained attention, which reflects
the ability to maintain focus over a prolonged period; selective
attention, the ability to focus on relevant information while ignoring
irrelevant information; and divided attention, the ability to manage
multiple sources of information or perform dual tasks.

Research on children showed that the components of attention
develop at varying rates (Best and Miller, 2010; Betts et al., 2006; Woods
et al., 2013). Interestingly, attention fluctuates within and between
individuals depending on various factors, including, for example, sleep
habits (Eichenlaub et al., 2023), physical activity (de Greeff et al., 2018),
life context (Spruijt et al., 2018), attentional disorders (Pievsky and
McGrath, 2018), and gender (Sobeh and Spijkers, 2012). Developmental
approaches have also revealed significant changes in attentional
functioning from childhood to adolescence, with different components
maturing at distinct rates during this period (Mullane et al., 2016;
Rueda et al., 2004). These changes occur during the school period and
may impact academic learning, as supported by several studies
highlighting the role of attention in meeting daily academic demands
and achieving academic success (e.g., Gallen et al., 2023; Keller et al.,
2020; Razza et al., 2012; Rueda et al., 2010). Therefore, measuring the
various components of students’ attention in school settings is a
valuable challenge that our study aims to address.

Many measures of attention have been developed for different age
groups, ranging from children to older adults (e.g., Adolphe et al., 2022;
Billard et al., 2021; Manly et al., 2001; Zelazo et al., 2014; Zygouris and
Tsolaki, 2015). Some of these measures are considered ecological, as
they aim to simulate situations involved in daily life (Chevignard et al.,
2012), which may include paper-and-pencil tasks or interviews. For
instance, the TEA-Ch (Manly et al., 2001) detects attentional disorders
in children up to the age of 16 through interviews and standardized
tests that assess various components of attention. Other measures
include questionnaires (e.g., Robaey et al., 2007), often administered to
the children’s families or their teachers and supplemented by a clinical
interview. Additionally, computerized measures were developed,
offering the significant advantage of automatic data recording without
the need for external intervention. The Test of Attentional Performance
for Children (KiTAP, Zimmermann and Fimm, 2002) is an example of
a computerized battery of tests assessing attention components in
children (for a review of computerized cognitive test batteries, see
Tuerk et al., 2023). One could conclude that there are plenty of tests to
measure students’ attention, however, the existing measures have some
limitations. First, time is not always well controlled, whereas we know
that processing speed impacts cognitive performance (Su et al., 2015).
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Second, they generally require a fee-based license (e.g., CogState,
KiTAP), are often tedious (Lumsden et al., 2016) and are not always
compatible with large cohorts of participants. Finally, few are
web-based, and their psychometric qualities are often not considered
(Bauer et al., 2012; Tuerk et al., 2023).

The rise of the internet in the 2000s enabled the development of
web-based experiments (Anwyl-Irvine et al., 2021; Germine et al,,
2012; Kochari, 2019; Reips, 2021). This development involves the
selection of a computer language (e.g., JavaScript or Python), hosting
measures online via a dedicated platform (e.g., Pavlovia, pavlovia.org;
Openlab, lab.js.org; JATOS, jatos.org), and, often, recruiting remote
participants (e.g., Prolific or MTurk, see Sauter et al., 2020). Anwyl-
Irvine et al. (2021) recently tested the data quality obtained online,
given the diversity of hardware and software observed when conducting
online studies. They tested how the variety of platforms such as
Gorilla,' jsPsych,? Lab.js,’ or PsychoPy,' could impact the presentation
times of the stimuli and data recording. Based on a sample of 200,000
participants, their results showed that online testing platforms provide
acceptable accuracy for both stimulus presentation times and response
times recorded online, similar to those from laboratory conditions.

The present studies

Online studies have led to the development of numerous tasks and
test batteries for assessing cognitive functions in general and attention
in particular. One of the best-known and most widely used tasks in
cognitive sciences is the ANT (Fan et al., 2002), available in web-based
tasks and measuring three attention networks: alerting, orienting and
executive control (de Souza Almeida et al., 2021). However, given the
aim of testing students’ attentional capacities in situ, this influential test
presents several limitations. First, it does not allow for fully independent
assessment of attention components. Moreover, it does not take into
account other cognitive processes such as divided attention (i.e., dual-
tasking) and working memory, which is considered a subset of executive
functions (Diamond, 2013). Furthermore, it was designed for laboratory
protocols involving adult or child participants, and it overlooks the
need for validated tools to study online cognitive functions in children
and adolescents in ecological settings. The purpose of the current
project was to develop accessible, easy-to-use, web-based tasks that can
be administered by trained teachers in school computer rooms without
requiring any specific technical skills or the presence of a researcher for
assessing the various components of attention in preteens during school
time. Our aim was to create a test battery encompassing various
components of attention in preteens, going beyond the scope of existing
tools designed in laboratory settings. To this end, we designed a series
of 8 tasks that can be used independently of each other, enabling the
isolation of specific effects related to attention, executive functions and
visuo-manual coordination. Moreover, each task in the battery is
engaging for preteens, with coherent visuals and a story that ties all
tasks together when they are administered in combination. Finally,
we conducted field tests of our battery in ecological settings directly

https://gorilla.sc/
https://www.jspsych.org/7.3/
https://lab.js.org/
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within school environments. The developed battery is called CAM
(Computerized Attention Measure, MIA in French for “Mesure
Informatique de IAttention”), composed of 8 well-known cognitive tasks
and evaluating several components related to attention, executive
functions and visuo-manual coordination (Figure 1). We assessed
sustained, selective, and divided attention using the following tasks: a
sustained attention task (Betts et al., 2006), a visual search task (Donnelly
et al., 2007), and a divided attention task. Among the executive
functions, we evaluated inhibitory control using three tasks: a Go/
No-Go task (Casey et al., 1997), a counting Stroop task (Stroop, 1935;
Windes, 1968) and a Flanker task (Eriksen and Eriksen, 1974). Working
memory was assessed separately using a complex span task (Barrouillet
et al, 2007; Barrouillet et al, 2011). One additional cognitive
component, linked to attention and motor control, was evaluated using
a visuo-manual coordination task. Two studies were conducted as part
of a larger research project on student physical activity and attention in
a school environment to develop and evaluate the psychometric
properties of the 8 web-based tasks designed to assess components of
attention in an ecological setting.

Regarding the completion rate, we tested the feasibility of CAM
tests in middle schools in collaboration with the teachers. Since the goal
was to identify any technical issues or time constraints specific to this
setting in which teachers were trained and then administered the tests,
we did not make any assumptions about test completion outcomes.
According to previous work, we anticipated observing differences in
mean Reaction Time (RT) between incongruent and congruent trials
for both the Flanker and Stroop tasks (Draheim et al., 2019). We also
expected the Error Rate (ER) of No-Go trials to be higher than the Go
trials in the Go/No-Go task (Cragg and Nation, 2008). In the complex

10.3389/feduc.2025.1540817

span task, we hypothesized a better recall performance in low cognitive
load condition compared to high load condition (Barrouillet et al.,
2007). For selective attention and divided attention, we predicted
differences in mean ER with greater disparities observed as the set size
increased for selective attention (Donnelly et al., 2007; Woods et al.,
2013). Additionally, we expected higher reliability for RT-based
measures than for ER-based measures, and low reliability for cognitive
interference measures assessed using Stroop and Flanker difference
scores, as previous studies have indicated low reliability for these
measures (Draheim et al., 2019). We also expected to find significant
correlations between CAM battery tasks related to the three attentional
networks measured by the ANT, especially for tasks related to sustained
attention (Oken et al., 2006), inhibitory control (as assessed by the
Flanker, Go/No-Go, and Stroop tasks, Constantinidis and Luna, 2019;
Diamond, 2013), and selective attention (as assessed by a visual search
task, Gil-Gomez de Liafio et al., 2020; Woods et al., 2013). To further
investigate shared cognitive mechanisms, we conducted factor analyses
to examine the latent structure of the CAM battery and assess whether
common factors account for variability across tasks.

Study 1
Methods

Participants

Participants were 680 preteens (M =11.52; SD=0.51), all
attending the first year of lower secondary education in France
(referred to as 6e, the equivalent of Grade 6 in North American
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FIGURE 1

The different tasks developed in the CAM battery (A), the cartoon character named Martin (B) and the general procedure of study 1 (C).
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system), and were enrolled by their teachers from 13 French middle
schools. Among these middle schools, 3 were private and 10 public, 8
urban and 5 rural, and none was located in educational priority
networks. Schools were recruited through a call for expressions of
interest coordinated by a regional education inspector and
disseminated to middle school principals. Interested schools
volunteered by contacting the research team directly. All parents gave
written informed consent for their children to take part in the
experiment. This study was conducted in compliance with the
Declaration of Helsinki and was approved by the local ethics
committee (CER Grenoble Alpes, approval no. 2020-09-01-4). Thirty-
four participants with a history of psychiatric disorders or diagnoses
indicating special educational needs were excluded from the analyses,
resulting in a final sample of 646 preteens (336 boys and 310 girls). At
the start of each test session, we ensured that children requiring visual
or auditory aids were using their corrective devices.

Materials

The tasks were written with the jsPsych library (de Leeuw, 2015),
on top of the Experiment Factory,’ a container-based platform for
running online experiments (Sochat, 2018). All code related to the
CAM battery are available online at: https://gitlab.com/mpinelli/ CAM.

The graphical design of the tasks is suitable for middle school
students (11 years on average), and features a cartoon character
named Martin who visits a zoo (Figure 1B). For each task, the
instructions are displayed on the screen. The tasks include training
trials followed by testing trials and automatically begin one after the
other in a random order. During the training trials, feedback is given
by Martin, indicating whether the response is correct or not.

Testing procedure

Computerized attention measure (CAM): eight tasks of the CAM
battery were used in this first study: Stroop, Flanker, Go/No-Go,
selective attention, working memory, visual sustained attention,
auditory sustained attention, and visuo-manual coordination
(Figure 1A). The variables and measures of each task were selected to
reflect the cognitive processes of interest, according to the literature
on cognitive processes. For each task, we paired a gamified
instructional approach with the cognitive task (Figure 1B). The
parameters of the tasks described can be found in the Git repository.
They were defined within the framework of the project but can
be directly modified in the source files of each task.

Flanker task: participants were instructed to observe fish
appearing on the screen. They had to respond as quickly as possible
by pressing the directional arrows that correspond to the direction of
the central fish flanked by two other fish on both sides (swimming in
the same or in the inverse direction of the central fish). On each trial,
a row of five fish appeared at the center of the screen for 1,500 ms,
preceded by a 1,000 ms interstimulus interval (ISI). According to the
condition (congruency of flankers), Flanking fish swam either in the
same direction or the opposite direction. The task began with 4
practice trials, followed by 50 test trials. ER and RT scores
were recorded.

5 https://expfactory.github.io
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Stroop task: in this task, participants had to count tickets to help
the zoo's head. The task entailed swiftly counting the items presented
within canonical patterns, and participants were instructed to press
the corresponding numbers on the keypad (ranging from 1 to 4) to
indicate the count. Importantly, the identity of the items within the
patterns (digits from 1 to 4) was inconsequential; the focus was solely
on accurately quantifying the number of items present. Participants
had to press the number pad as quickly as possible to indicate the
correct amount of items (4 possible responses between 1 and 4). Each
pattern was presented for 2,000 ms with an ISI of 1,000 ms. This task
included trials for which the amount of items corresponded to the
written digits and trials for which the amount of items did not
correspond to the written numbers. Fifty trials were preceded by 4
training trials. ER and RT scores were recorded.

Go/No-Go task: participants were instructed to give a “candy”
response (Go trial) when an animal appeared and to withhold the
response when a caretaker was shown (No-Go trial). They had to
press (or not) the space bar as quickly and accurately as possible.
Items consisted of images representing either a caregiver or an
animal. Items remained on screen until 500 ms. The ISI was between
1,250 and 1,750 ms. The task comprised 10 training trials and 80
test trials (No-Go frequency 25%). ER and RT scores were recorded.

Sustained attention tasks: the tasks were adapted into two versions:
avisual and an auditory one. Participants either saw or heard animals
and were instructed to count them. Depending on the version, they
had to press the spacebar whenever an animal was seen or heard. At
the end of the task, they reported the total number of animals they had
counted. The ISI varied randomly between 1,500 and 4,000 ms. Two
practice sequences were followed by 30 to 40 randomly presented test
trials. The number of animals counted, ER and RT scores
were recorded.

Selective attention task: the aim of this task was to find a target (a
brown monkey) among distractors (other animals). They had to press
the spacebar if the visual target was present among the set of
distractors (filler animals). The target consisted of a round brown
monkey and the distractors were brown square monkeys or round
blue monkeys. Participants had to respond as quickly as possible by
pressing the “P” key if the target was present, and the “A” key if the
target was absent. There were 3 sets of 30 trials with either 8, 16, or 32
monkeys. Among the 90 test trials, there were “present” trials and
“absent” trials, and 6 training trials preceded the test trials. The stimuli
were displayed until the participant’s answer and with an ISI of
1,000 ms between trials. ER and RT scores were recorded.

Visuo-manual coordination task: the task required participants to
play with an animal by sending a ball. Participants had to click on the
animal that appeared at the bottom of the screen and move the mouse
to the ball that appeared at the top of the screen (top left, top center or
top right). The animal was displayed for 5,000 ms with a 1,000 ms
delay between trials. The test involved 6 training and 30 trials.
Movement Time (MT) and ER scores were recorded.

Working memory task: the gamified goal of the working memory
(WM) task was to feed animals and recall food items. Participants had
to memorize 5 ingredients and indicate, after each ingredient, the
position of 3 animals (distractors) that appeared on the upper or in
the lower part of the screen. For this distracting task, they had to press
the “up” or “down” keys. At the end of each sequence, children had to
recall the memorized ingredients via a recognition task in which the
5 target ingredients were mixed with 5 new food items. The task
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involved 2 training sequences with a low cognitive cost and 14 test
sequences presented randomly (7 sequences with a low cognitive load
and 7 with a high cognitive load).

Attention network test: the ANT, (Fan et al., 2002) was used to
test the validity of the CAM tests. The ANT is a task that assesses
three attentional networks (alerting, orienting, and executive). The
task and instructions were adapted for use by preteens in the
computer rooms of middle schools. Participants had to determine
the direction of a central arrow (left or right) with cue arrows
appearing above, below fixation, or not (depending on the
condition). RT and ER scores were measured according to cue type
(no cue, center cue, double cue, spatial cue) and flanker type
(neutral, congruent, incongruent). The ANT involved 24 training
trials with feedback and three experimental blocks without
feedback for a total of 288 test trials. The three networks were
computed as in Fan et al. (2002).

General procedure

The study comprised two sessions (Figure 1C). In the first session,
participants performed the 8 CAM tests, dedicated to evaluating
reliability and feasibility. Before this session, teachers received
coaching on the testing protocol and were instructed to address any
technical problems. Teachers received a total of 2 h of training. The
first hour focused on presenting the CAM battery and the overall
study protocol. The second hour involved testing the full set of tasks
in each school’s computer room under the supervision of a psychology
researcher. This session aimed to identify any technical issues, train
the teachers in task administration, and verify that data were being
properly recorded. The experiment took place in classrooms equipped
with individual computers for each student, complete with a keyboard/
keypad, mouse and headphones. Session 1 lasted about 1 h, during
which the 8 web-based tasks were administered randomly. Although
there was no formal break during the session, a short pause occurred
between each task while the next one was loading. The second session
took place in the classrooms of the middle schools that had completed
session 1. During this session, participants carried out the ANT, which
took about 1 h and was scheduled approximately 1 month after session
1. While the whole experiment was supervised by a psychology
researcher, a volunteer teacher managed the organization of the two
group sessions in each class.

Results

We examined the completion rates, performance metrics, validity,
and reliability of the 8 web-based tasks designed to evaluate the
attentional processes of preteens during school time. Completion rates
were assessed for the entire session. Preteens performance was
evaluated by analysing differences in results across conditions in each
task (e.g., congruent vs. incongruent for the Stroop task). Reliability
was measured using the split-half method. Finally, validity was
assessed by comparing the CAM tests with the three dimensions of
attention from the classical ANT for which psychometric properties
have been considered in previous studies (e.g., Macleod et al., 2010).

Completion rate

The completion rate corresponding to the percentage of
participants who completed all the 8 tasks in session 1 varied across

Frontiers in Education

10.3389/feduc.2025.1540817

the 13 middle schools. The completion rate ranged from 29.17% to
100% with a total mean completion rate of 67.80% (see Table 1). The
reasons for not completing the full battery were either technical issues
that occurred during the testing session (poor network quality
preventing tasks from loading and significantly extending the session
time; see the middle schools concerned in Table 1), or insufficient time
allocated by the teacher in the computer room. In session 2, a total of
100 preteens completed the session, which included the ANT.

Performance

Interference scores were computed using RT differences for the
Flanker and Stroop tasks (Paap et al., 2020). For the Go/No-Go and
selective attention tasks, condition differences were evaluated using
ER scores (Meule, 2017; Woods et al., 2013), while the cognitive cost
effect in the WM task was examined by considering the percentage of
correctly recalled items (Barrouillet et al., 2007). RTs lower than
200 ms and higher than 3 SD from the mean were excluded, along
with RTs from incorrect responses. Except for MT and accuracy-based
tasks (i.e., selective attention, visuo-manual coordination, and WM
tasks), participants with an ER exceeding 40% were excluded from all
tasks. Furthermore, participants who consistently pressed the same
button throughout all trials of a given task condition were removed.
We present below the performance analysis of preteens for each
condition of each task for the CAM battery. Due to data loss caused
by technical problems, particularly affecting the selective attention
and auditory sustained attention tasks, and the exclusion of outliers,
some individual data were not recorded, leading to variations in
sample size across tasks. The proportion of data loss was 49.07% for
the auditory sustained attention task, 38.85% for the selective attention
task, and ranged from 21.36% to 31.42% for the other tasks. Hence,
we chose to present the performance results for each task individually.
Performance data for each task are presented in Table 2.

Inhibitory control was assessed via the Flanker task, the Stroop
task and Go/No-Go task, by calculating ER and RT scores. As shown
in Figure 2, the distribution of ER scores presented differences
between preteens and between the Flanker, Stroop, and Go/No-Go
tasks. The mean ER score was 10.10% for the Stroop task, 16.54% for
the Go/No-Go task and 9.15% for the Flanker task. Moreover, Flanker
task and Stroop task elicited a significant difference on mean RT score
between incongruent and congruent trials, F; 44 = 154.76, p < 0.001,
11?, =0.25 (mean congruent=595.85ms, SD=96.12; mean
incongruent = 627.11 ms, SD =111.89; delta=31.27 ms) and F,
18 = 654.76, p <0.001, r/f, =0.58 (mean congruent = 890.79 ms,
SD =123.81; incongruent = 998.76 ms,  SD =116.15;
delta = 107.97 ms), for Flanker and Stroop, respectively. Results also

mean

showed a significant difference in ER score between Go (M = 5.06,
SD=1047) and No-Go trials (M=28.01, SD=17.16) [F,
507y = 735.14, p < 0.001, 112 = 0.59] (Figure 2).

Sustained attention was evaluated with the visual and auditory
sustained attention tasks, for which RT and ER were computed
(Figure 3). The ER for the auditory and visual tasks corresponded to the
proportion of trials in which preteens missed a target (i.e., failed to press
the “space” key when required). The mean ER was 5.26% and 8.27% for
the visual and auditory version, respectively. However, only 40.12% of
preteens produced the correct number of heard stimuli and 47.42% for
visual stimuli. We nonetheless observed a significant correlation
between RT and ER for the visual sustained attention task (r = 0.43,
p <0.001) and for the auditory sustained attention task (r =0.17,
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Performance distributions (error bars represent standard deviation) for the Flanker task (n = 443), the Stroop task (n = 479) and the Go/No-Go task
(n = 508).
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TABLE 1 Completion rate for the preteens in each middle school in study
1(N = 646).

Middle N total Session 1 Completion
schools completed (N) rate

I 24 7 29.17

2 22 7 31.82

3% 24 10 41.67

4 127 75 59.05

5% 57 37 64.91

6 68 46 67.64

7 28 19 67.86

8 25 18 72.00

9 109 83 76.15

10 30 23 76.67

11 96 80 83.33

12 19 16 84.21

13 17 17 100.00
Total 646 438 Mean = 67.80

*Middle schools with technical problems.

P <0.01). The more preteens missed targets, and the longer they took to
respond (Figure 3).

Results on the selective attention task showed a significant
interaction between the set size and the presence of the target [F(2,
798) = 69.55, p < 0.001, 7712, = 0.15]. The interaction was decomposed
into simple effects, with results reported using Bonferroni
correction. Results showed a significant difference between present
and absent condition with a set size of 32 items, ¢t = 15.52, p < 0.001
(delta presence/absence = 12.66%), 16 items, t = 8.02, p < 0.001
(delta presence/absence = 4.83%) and 8 items, t = 5.47, p < 0.001
(delta presence/absence = 3.40%). In other words, the presence of
a target had a greater impact on ER when the set size was larger
(Figure 4).

WM performance was evaluated through the mean rate of
correctly recognized items in the complex span task. Moreover, the
ER score evaluated performance on the distracting task. These two
measures were computed as a function of the cognitive load
imposed by the distracting task (low vs. high). The ER score of the
distracting task was added as a covariate to control any impact on
the relationship between the cognitive load and the percentage of
correctly recognized items. Results showed that memory
performance did not differ across the two cognitive load conditions
with 61.15% and 60.85% of correctly recognized items in the low
and high cognitive load condition respectively [F, 55 = 0.17,
p=0.67] (Figure 5). The ER score in the distracting task (24.06%)
did not affect the load
recognized items.

cognitive effect on correctly

For the visuo-manual coordination task, ER score reflected the
situations in which the target was missed. The MT corresponded to
the time to move from the initial position to the target, according to
the three target position conditions of the visuo-manual coordination
task. Data distribution for the visuo-manual coordination task
showed large individual differences in performance on both ER score

and MT (Figure 6). The mean ER score was 19.49%.
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Reliability

Reliability was assessed for both response speed (mean RTs) and
accuracy (correct and incorrect responses). The split-half method (R
package “splithalf Parsons, 2021) consisting of randomly splitting
10,000 times trials into halves was applied. A correlation was
computed for each split, and the reliability score was calculated as the
mean of the 10,000 correlations and by applying the Spearman-Brown
formula. Results of the split half for the RT and ER scores are presented
in Table 3. With regard to RT scores, the results showed satisfactory
reliability coefficients, ranging from 0.90 to 0.97. For ER scores, results
showed acceptable coefficients (ranging from 0.61 to 0.90), but a low
coeflicient for the Go/No-Go task (0.48). Moreover, RTs difference
reliability was low for Flanker and Stroop, respectively 0.29 and 0.03.

Validity

We first evaluated validity with a subsample consisting of preteens
from middle schools who completed all CAM battery tests in session 1
and then participated in session 2 to complete the ANT (n = 100).
Pearson correlation (significance threshold: @ =0.05) results are
presented in Figure 7. Next, an exploratory factor analysis was carried out
to study the latent structure of the CAM battery, with the ANT measures
included in the analysis. A total of 25 variables were selected for
convergent validity and exploratory factor analysis. These variables were
drawn from the tasks based on measures used in the literature and their
relevance for evaluating the cognitive processes under investigation. The
selection aimed to balance speed-based and accuracy-based measures,
while also limiting the number of variables included in the factor analysis
in accordance with the sample size constraints (see Figure 7 and Table 4).

Effect sizes were interpreted according to Gignac and Szodorai
(2016), with r = 0.10 considered small, » = 0.20 typical, and r = 0.30
relatively large. The results indicated that all RT scores from the CAM
battery were significantly correlated with the ANT RT score, ranging
from typical to relatively large correlations (0.22 < r <0.61). In
addition, a typical, significant correlation was observed between the
ANT RT score and working memory performance in the high-load
condition (r = —0.20). Regarding sustained attention tasks, the RT
score for visual sustained attention showed a typical significant
correlation with the ER score from the ANT orienting component
(r = 0.21). However, neither the visual nor the auditory sustained
attention tasks showed significant correlations with the ER score from
the ANT alerting component or the alerting delta score. A typical
significant negative correlation was also observed between the RT
score from the selective attention task and the ANT orienting delta
score (r = —0.20). Additionally, ER scores from the No-Go and Stroop
tasks, as well as both RT and ER scores from the Flanker task, were
significantly correlated from typical to relatively large with the ER
score from the ANT executive control component (0.21 < r < 0.37).
Finally, the ANT executive delta score was typical significantly
correlated with the RT score from the Flanker task (r = 0.20).

Between-task correlations revealed significant associations
between ER and RT scores across the Stroop, Flanker, and Go/No-Go
tasks, ranging from typical to relatively large (0.24 < r <0.51). A
typical correlation was also found between the Stroop delta RT score
and the ER score from the incongruent condition of the Flanker task
(r=0.21). Additionally, typical correlations were observed between
ER scores from the selective attention task and ER scores from both
the incongruent (r = 0.23) and congruent (r = 0.25) conditions of the
Stroop task. RT score from the selective attention task was also
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TABLE 2 Reaction times, error rates and condition effects for each task of the CAM battery in studies 1 and 2.

Condition RT mean (SD) ER mean (SD)  Effect of condition

Study 1

Flanker 443 Congruent 595.85 (96.12) 6.05 (8.30) cong vs. incg (RT scores) *%*
Incongruent 627.11(111.89) 11.21 (12.85)

Stroop 479 Congruent 890.79 (123.81) 5.82(7.08) cong vs. incg (RT scores) ***
Incongruent 998.76 (116.15) 12.95 (9.99)

Go/No-Go 508 Go 418.73 (43.02) 5.06 (10.47) go vs. nogo (ER scores) ##*
No-Go N/A 28.01 (17.16)

Selective attention 395 8 1160.92 (324.87) 8.55(10.86) set size x target (ER scores) *#*
16 1347.68 (401.47) 8.62 (10.41)
32 1767.15 (542.45) 16.67 (11.66)
Absent 1583. 93 (471.25) 6.39 (11.73)
Present 1245.51 (347.33) 13.51 (10.47)

Visual sustained attention 466 N/A 392.98 (58.69) 5.26 (7.82) N/A

Auditory sustained attention 329 N/A 427.83 (138.68) 8.27 (9.31) N/A

Visuo-manual coordination 493 N/A 1221.16 (233.39) 19.49 (18.25) N/A

Working memory HCL N/A 39.15 (24.31) LCL vs. HCL (% correct)

506 LCL N/A 38.85 (25.53)

Distracting task N/A 24.06 (26.27)

Study 2

Flanker 155 Congruent 612.15 (97.20) 4.49 (5.53) cong vs. incg (RT scores) ***
Incongruent 660.75 (119.76) 10.22 (13.55)

Stroop 155 Congruent 886.48 (110.65) 5.75(6.13) cong vs. incg (RT scores) *%*
Incongruent 1017.02 (122.64) 14.22 (9.58)

Go/No-Go 155 Go 429.47 (38.59) 1.80 (3.82) go vs. nogo (ER scores) ***
No-Go N/A 23.16 (14.99)

Selective attention 155 8 1090.43 (237.02) 7.76 (9.59) set size x target (ER scores) *#*
16 1239.42 (237.77) 8.95(9.61)
32 1670.52 (448.85) 12.02 (11.21)
Absent 1496.48 (362.74) 6.16 (9.31)
Present 1170.24 (260.24) 13.00 (10.53)

Auditory sustained attention 155 N/A 431.52 (126.57) 6.54 (7.94) N/A

Visuo-manual Coordination 155 N/A 1140.20 (231.04) 22.71(19.81) N/A

Divided attention 155 Absent 1994.80 (479.67) 13.72 (19.46) present vs. absent (ER scores) *#*
Present 1522.50 (337.41) 21.25(16.62)

Working memory 155 HCL N/A 34.26 (22.99) LCL vs. HCL (% correct)
LCL N/A 33.97 (24.50)
Distracting task N/A 19.85 (14.46)

##%p <001, RT = reaction time, ER = error rate, SD = standard deviation, cong = congruent, incg = incongruent, LCL = low cognitive load, HCL = high cognitive load, present = target
present, absent = target absent, set size = 8, 16, 32.

correlated with RT scores from the auditory and visual sustained
attention tasks, with relatively large correlations (r = 0.33 and r = 0.30,
respectively). A typical negative correlation was observed between the
low cognitive load condition of the WM task and visual sustained
attention (r =—0.25). The ER score from the visuo-manual
coordination task showed typical correlations with the ER score from
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the No-Go condition (r = 0.24) and the RT score from the Stroop task
(r=—0.24), as well as with the delta RT score from the Stroop task (r
= 0.26). The MT score from the visuo-manual coordination task
correlated with the RT scores from visual sustained attention, the Go
condition, Stroop, and Flanker tasks (—0.24 <r < 0.57). Finally,
sustained attention tasks showed correlations with the six tasks of the
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CAM battery,
(—=0.25 < r < 0.50).

The exploratory factor analysis was conducted on ANT and CAM
tasks to determine the latent structure (Table 4). The number of factors
was selected according to a parallel analysis. The analysis showed a
5-factor solution (using maximum likelihood as the extraction method
and a varimax rotation) explaining 45.01% of the variance (only factor
loadings greater than 0.35 are reported). The adequacy of the
exploratory factor analysis showed that Bartlett’s test was significant
(p <0.001) with an acceptable level of sampling adequacy (Kaiser-
Meyer-Olkin = 0.60). Most RT-based variables loaded onto Factor 1.
The ANT loaded onto Factor 2, the WM task loaded onto Factor 3,
Stroop task loaded onto Factor 4 and Flanker task loaded onto Factor
5. The Go/No-Go task loaded onto the same factor as the Stroop task
(Factor 4). Selective attention did not load onto any factor.

ranging from typical to relatively large

Frontiers in Education

Discussion: study 1

The goal of this first study was to present and evaluate a new
computerized battery including 8 cognitive tasks measuring
attention, executive functions and visuo-manual coordination.
While the completion rates indicated a large variability between
middle schools (ranging between 29.17% and 100%), the tasks
measuring several components of attention were efficient for
evaluating cognitive performance. Moreover, except for accuracy in
the Go/No-Go task as well as RT difference scores in Flanker and
Stroop tasks, split-half reliability outcomes indicated that the tasks
of the CAM battery had a good internal consistency. Relationships
between the tasks of the CAM battery and the ANT were observed,
suggesting that tasks from the CAM battery and the ANT involve
convergent cognitive mechanisms. Finally, the factor structure
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Performance distributions (error bars represent standard deviation) for the working memory task (n = 506).
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TABLE 3 Reliability results of CAM battery tasks in studies 1 and 2.

Reliability
RT scores Accuracy
(95% Cl) (95% Cl)

Study 1

Flanker 443 0.95[0.94,0.96] | 0.78 [0.74, 0.82]
Stroop 479 0.91[0.89, 0.92] 0.61 [0.55, 0.67]
Go/No-Go 508 0.90 [0.88, 0.92] 0.48 [0.37, 0.56]
Selective attention 395 0.95 [0.94, 0.96] 0.90 [0.89, 0.92]
Visual sustained attention 466 0.90 [0.89, 0.92] 0.75[0.67, 0.82]
Auditory sustained attention 329 0.97 [0.96, 0.97] 0.77 [0.70, 0.83]
Visuo-manual coordination 493 0.94 [0.93, 0.95] 0.87 [0.85, 0.89]
Working memory 506 / 0.87 [0.85, 0.88]
Study 2

Flanker 155 0.95[0.94,0.96] | 0.75[0.67, 0.82]
Stroop 155 0.89 [0.87, 0.92] 0.53 [0.40, 0.64]
Go/No-Go 155 0.92[0.90,0.93] | 0.39 [0.24, 0.53]
Selective attention 155 0.95 [0.94, 0.96] 0.87 [0.83, 0.90]
Auditory sustained attention 155 0.96 [0.95, 0.97] 0.79 [0.68, 0.87]
Visuo-manual coordination 155 0.94 [0.92, 0.95] 0.88 [0.85, 0.91]
Working memory 155 / 0.70 [0.63, 0.76]
Divided attention 155 0.88 [0.84, 0.91] 0.83[0.78, 0.87]

Reliability was estimated using average scores across speed (RT scores) and accuracy
measures (correct and incorrect scores).

showed that the Go/No-Go and Stroop tasks loaded onto one cluster,
whereas the Flanker and ANT tasks loaded onto a separate cluster.
Moreover, variables related to processing speed, as assessed by RT,
converged onto a single cluster. In a second study, we aimed to
replicate the results of study 1 with a new sample of students in order
to guarantee that the CAM battery constitutes a usable and useful
tool for future research. Given the variable completion rates caused
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by technical issues and a session length that did not allow a margin
in test completion time, validity was tested on a restricted sample of
participants in study 1. In addition, this variation in the completion
rate could influence the tests’ performance results. Consequently,
study 2 was carried out with a more limited number of participants
per session (groups of 15). Moreover, performance, reliability, and
validity analyses were conducted on participants who had completed
all 8 tasks in study 2. In addition, a new test assessing divided
attention was included in the CAM battery to target an additional
aspect of attention. Finally, the WM task was adapted to address the
absence of a cognitive load effect and to reduce task duration in
order to minimize participant attrition.

Study 2
Methods

Participants

Two hundred two preteens (M = 11.06; SD = 0.37, 99 girls and
103 boys) from French middle schools completed the CAM battery
in this second study. No middle school was located in educational
priority networks. Moreover, all middle schools were public, with 7
located in urban areas and 2 in rural areas. The recruitment procedure
was similar to that of study 1. Regarding parental occupation, 16
(mother = 11, father = 5) were retired or unemployed, 126 (mother
= 66, father = 60) were employees/workers, 100 were intermediate
professions (mother = 53, father = 47), 51 (mother = 20, father = 31)
were executive professionals, 25 (mother = 7, father = 18) were
craftsmen, merchants, company managers, and 4 (mother = 2, father
= 2) were farmers and 82 did not provide information. Written
informed consent was given by parents. The data presented here
correspond to a sample of students who completed all tasks of the
CAM battery and did not receive any intervention. As in study 1,
visual and auditory corrections were verified. Participants had no
history of psychiatric disorders or diagnoses indicating special
educational needs.
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Memory; VM, Visuo-Manual Coordination; cong, congruent; incong, incongruent.
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Materials

The material and measures of the present study were the same as those
described in study 1, with adjustments made to the testing procedure. Since
we introduced a new test evaluating divided attention online, we were
required to discard the visual sustained attention task due to time
constraints. Moreover, the WM task was adapted to address the lack of a
cognitive load effect identified in the first study. Participants were required
to press the “M” key (for “up”) or the “Q” key (for “down”) to indicate the
spatial position of the stimulus, which increased the difficulty of the
distracting task and enhanced the cognitive load effect. In addition, the
number of sequences was reduced to 8 (compared to 14 in the first study)
to shorten the task duration. Finally, auditory instructions were added for
each task of the CAM battery allowing preteens to read and/or listen to the
instructions at their convenience. All task materials and procedures are
available in the Git repository.

Divided attention task: participants had to follow two goals when
performing this task: to find a visual target (an animal) among
distractors and to count how many animals sounds they heard

Frontiers in Education

12

(Figure 1A). There were 30 trials with a single set of 32 monkeys.
Among the 30 test trials there were 15 “present” trials and 15 “absent”
trials. Six training trials preceded the 30 test trials. The stimuli were
displayed until 5,000 ms with an ISI of 1,000 ms. Animal count, ER
and RT scores were recorded.

General procedure

The general procedure for administering the CAM battery was
similar to that of the first study, except that groups of 15 participants
were preferred and provided with headphones to listen to the auditory
instructions. Moreover, students completed the 8 CAM tests in the
computer rooms during a single session.

Results

Performance, reliability, and validity were assessed in the sample
of participants who completed all eight tasks in the battery. Data
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TABLE 4 Results of the exploratory factor analysis in study 1.
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Factor
Variable 3
Stroop (RT) 0.73
Visual_Sustained (RT) 0.68
ANT (RT) 0.67
Flanker (RT) 0.65
VM_Coordination (MT) 0.64
Go (RT) 0.63
Auditory_Sustained (RT) 0.39

Selective_32 (RT)

ANT_Executive (ER) 0.96
ANT_Alerting (ER) 0.90
ANT_Orienting (ER) 0.90
ANT_Executive_delta (RT) 0.46
WM_high_load (% correct) 0.99
WM_low_load (% correct) 0.76

Delta_Flanker (RT)

Stroop_congruent (ER) 0.74
Stroop_incongruent (ER) 0.57
No-Go (ER) 0.36

VM_Coordination (ER)

Delta_Stroop (RT)

Selective_32 (ER)

Flanker_incongruent (ER)

0.98

Flanker_congruent (ER)

0.57

ANT_Orienting_delta (RT)

ANT_Alerting_delta (RT)

Note. ANT = Attention Network Test, RT = Reaction Time, ER = Error Rate, MT = Movement Time, WM = Working Memory, VM = Visuo-Manual Coordination.

filtering and analysis followed the same procedure as in study 1.
Following data filtering, the final sample included 155 preteens.

Performance

All performance results were significant and consistent with those
from study 1 (see Table 2). It should be noted that technical issues with
the Flanker task led to variability in the number of trials across
congruence conditions (descriptive data are presented as indicative).
However, results remained comparable in terms of performance,
reliability, and validity (the inclusion or exclusion of the Flanker task
did not alter the factor analysis pattern of the other tasks). Results for
the WM task showed no significant effect of the cognitive load on
memory performance [F; ;54 = 0.03, p = 0.86], with 66.03% of items
correctly recognized in the low cognitive load condition and 65.74%
in the high cognitive load condition. Error rates in the distracting task
did not influence the effect of cognitive load on item recognition.

Results on the new divided attention task (Figure 8) showed a
significant difference between the two conditions [F, ;54 = 30.57,
P <0.001, 57; = 0.16]. Compared to the condition in which the target
was absent (13.72%), participants made more errors when the target
was present (21.25%). Participants heard an average of 17.80 sounds.
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Reliability

Reliability results are presented in Table 3 and were consistent
with those of Study 1 for both RT and ER scores, as well as for
interference scores. Coeflicients for RT scores ranged from 0.88 to
0.96, with similar values across tasks. In contrast, ER scores showed
greater variability, with coeflicients ranging from 0.39 to 0.88. The
divided attention task showed a split-half reliability of 0.88 for RT
score and 0.83 for ER score.

Validity

The variables from the CAM battery were similar to those in study
1, except that we included the presence condition of the divided
attention target (RT and ER scores), as well as the recall variable
(number of items recalled). Correlation analyses were conducted to
examine the relationships between the divided attention task and
other tasks of the CAM battery (see also the results in the Git
repository). The ER from the divided attention task showed significant
correlations with the ER from the Flanker task (r = 0.16), the RT score
from the Stroop task (r = 0.16), and the ER from the selective attention
task (r = 0.18). The RT from the divided attention task correlated
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TABLE 5 Results of the exploratory factor analysis in study 2.

Variable

Factor
4

Selective_32 (RT)

-0.36

Stroop (RT)

Flanker (RT)

0.43

Divided_present (RT)

Go (RT)

Auditory_Sustained (RT)

VM_Coord (MT)

091

VM_Coord (ER)

-0.66

WM_high_load (% correct)

0.89

WM_low_load (% correct)

0.71

Flanker_incongruent (ER)

Flanker_congruent (ER)

Nogo (ER)

Flanker_delta (RT)

0.79

Stroop_incongruent (ER)

Stroop_congruent (ER)

0.56

Stroop_delta (RT)

Divided_ items recalled

Divided_present (ER)

0.48

Selective_32 (ER)

0.39

RT, Reaction Time; ER, Error Rate; MT, Movement Time; WM, Working Memory, VM, Visuo-Manual Coordination.

significantly with all RT scores from other CAM battery tasks
(0.17 < r < 0.45), except for visuo-manual coordination.

The same procedure as in study 1 was used to determine the
factorial structure of the tests used in the present version of the CAM
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battery (parallel analysis with a factor loading cutoft of 0.35). Twenty
variables were included in the exploratory factor analysis. Table 5
presents a 7-factor solution (using Maximum Likelihood as the
extraction method and Varimax rotation), accounting for 47.36% of
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the variance. Bartlett’s test of sphericity was significant (p < 0.001), and
the Kaiser-Meyer-Olkin value was 0.57. Except for the auditory
sustained attention task, all speed-based variables loaded onto Factor
1. Visuo-manual coordination task loaded onto Factor 2, WM onto
Factor 3, the Flanker task onto Factors 4 and 5, and the Stroop task
onto Factor 6. Divided attention and selective attention tasks both
loaded onto Factor 7. The No-Go condition of the Go/No-Go task
loaded on the same factor as the Flanker task (Factor 4).

Discussion: study 2

In this study, we aimed to replicate results observed on the CAM
battery in study 1, adding a new task measuring divided attention, and
overcoming the absence of a cognitive load effect in the WM task. The
results of the divided attention test showed satisfactory psychometric
qualities on performance and reliability. The divided attention task
loaded onto the same factor as the selective attention task, showing a
shared underlying cognitive ability. Moreover, the results on
performance and reliability were comparable to those of study 1 for the
Flanker, Stroop, Go/No-Go tasks, as well as for selective attention,
visuo-manual coordination, and auditory sustained attention. However,
the cognitive load effect still did not emerge from this new configuration
of the WM task. Finally, the factor analysis revealed a 7-factor solution
in which most tasks loaded onto task-specific factors, with an additional
factor related to RT scores across tasks.

General discussion

The goal of the present project was to validate a new tool designed
to measure several dimensions of attention that are crucial for school:
the CAM battery. In two studies involving more than 800 participants,
the CAM battery was administered during school time in 2 different
French preteens samples in order to test its psychometric qualities (i.e.,
completion rate, performance, reliability and validity).

The completion rate was considered the most important usability
indicator. In study 1, the completion rate showed large variability
across middle schools, with mixed feasibility ranging from 29.17% to
100%, and a mean completion rate of 67.80%. Reasons explaining
completion rate variability between middle schools are (1) technical
problems occurring in some cases and (2) insufficient time allocated
by the teacher in the computer room due to unexpected events.
Moreover, it is worth noting that group size during testing varied
across middle school in study 1 and depended on teachers
possibilities, sometimes with a large number of preteens in the same
classroom. However, previous work indicated that data quality tends
to be better when a maximum of 15 students performed collectively
cognitive tasks (e.g., Moreau et al., 2017). Future applied studies
should fix the group size using ideally semi-class groups (maximum
of 15 students) to reduce missing data during the completion.

A second indicator of the quality of the new CAM battery is its
ability to assess cognitive performance which reproduce well-known
behaviors. Tasks evaluating attention and executive functions are
common in the literature. Concerning the Flanker and Stroop tasks, the
present results replicated the interference effect in preteens, with longer
reaction times in the incongruent condition compared to the congruent
condition (for a discussion, see Draheim et al., 2019). This pattern is
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consistent with previous web-based studies that have replicated similar
effects (Crump et al., 2013). In the same way, we found a dependence of
ER on No-Go trials and Go trials in the Go/No-Go task, as in previous
work (Cragg and Nation, 2008). Selective attention showed influences
of set size and of the target presence/absence on ER scores. This result
aligns with previous research on conjunction search involving shifting
spatial attention and integrating perceptual features (Donnelly et al.,
2007; Treisman and Gelade, 1980; Woods et al., 2013). Performance on
sustained attention reproduced the ability to maintain attention
according to a given time (Betts et al., 2006). In the visuo-manual
coordination task, the ability to reach the target relies on the integration
of visual perception and motor coordination, which has been linked to
academic achievement (Cameron et al., 2016). In the divided attention
task, the dual-task demand resulted in reduced accuracy in the visual
search task compared to the selective attention task, which involved only
the visual search component. Finally, the outcomes of the WM task did
not reveal the well-documented cognitive load effect (Barrouillet et al.,
2011), possibly due to the processing task not being demanding enough
or the type of recall used, which, for the purpose of the collective
protocol, was recognition among fillers whereas it consists usually in a
serial recall task.

The construct validity of the CAM battery was assessed through
multiple correlations observed between its subtests and the three
dimensions of the ANT. Performance on the visual and auditory
sustained attention tasks, assessed via RT, was related to overall RT in
the ANT, suggesting a common mechanism related to processing
speed. However, no significant correlations were found between
sustained attention (visual or auditory) and the alerting network of the
ANT. In contrast, the results revealed a significant relationship
between the orienting network of the ANT and selective attention,
which relies on the ability to shift attention to specific spatial locations
involved in the visual search component of the selective attention task.
We also observed correlations between the ER scores from the Go/
No-Go, Stroop, and Flanker tasks and those from the three ANT
components. Finally, the difference scores (i.e., interference effects)
from the Flanker and Stroop tasks did not correlate with the executive
control difference score from the ANT but RT scores from Flanker
task correlated with executive control difference score. Taken together,
our results indicate moderate to relatively large correlations between
components of the ANT and those of the CAM battery.

We also found multiple correlations between tasks of the CAM
battery, indicating shared variance and suggesting that these tasks
assess common cognitive abilities. For example, compared to
sustained auditory attention, the sustained visual attention task
showed stronger correlations with tasks involving visual stimuli,
specifically with the Go/No-Go, visuo-manual coordination, selective
attention, WM, Flanker, and Stroop tasks. Correlations were observed
among Stroop, Flanker, and Go/No-Go tasks, which are related to
executive control and inhibition mechanisms (Constantinidis and
Luna, 2019; Diamond, 2013; Gratton et al., 2018; Wessel, 2018).
Moreover, the correlations show that divided attention is related to
the Stroop, Go/No-Go, and Flanker tasks, which can reflect shared
demands regarding executive control. The relationship between the
divided attention task and the sustained and selective attention tasks
could reflect overlapping mechanisms involved in maintaining
vigilance (Oken et al., 2006) and selecting relevant stimuli among
distractors, as required in visual search tasks (Donnelly et al., 2007).
WM correlated with sustained attention, selective attention,
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visuo-manual coordination and Stroop tasks into the two studies, as
shown in previous work (De Fockert et al., 2001; Diamond, 2013;
Rigoli et al., 2012; Unsworth and Robison, 2020).

This is usual in the literature to assess internal consistency using
split-half procedures (Pronk et al., 2022). Our results indicate higher
reliability based on RT scores than accuracy scores across the eight
tasks of the CAM battery administered in middle schools. Whereas
some research recommended evaluating attention based preferentially
on the RT of correct trials by considering accuracy as secondary
(Langner et al., 2023), others advice including accuracy in the
reliability analysis (Draheim et al, 2019). In fact, computing
reliability on ER scores can be problematic when there are floor
effects (Zorowitz and Niv, 2023). Overall, the results observed in both
studies align with previous findings, showing better internal
consistency for RT-based measures and lower reliability for accuracy-
based measures (see Draheim et al., 2019). Additionally, an interest
in assessing executive functions is to measure the amount of conflict
between incongruent and congruent trials (i.e., using differential
score) for Flanker and Stroop tasks. Interestingly, previous research
supports the present findings, indicating that differential score is
unreliable for the Stroop and the Flanker in both adults and children
(Draheim et al., 2019).

We developed 8 different sub-tests, based on the literature, to
measure different dimensions of children’s cognitive abilities related
to attention, executive functions and visuo-manual coordination.
Exploratory factor analysis revealed a 5-factor solution in study 1 and
7-factor solution in study 2, with some variables loading onto shared
factors and others onto distinct ones. In both studies, the factor
structure indicated that the WM, Stroop, and Flanker tasks rely on
specific cognitive processes, while conditions involving RT-based
tasks tended to load onto a common factor. Moreover, we observed
that the Go/No-Go task loaded with the Stroop task in study 1,
whereas in study 2, the Go/No-Go and Flanker tasks loaded onto the
same factor. This pattern suggests that inhibition, as measured by
errors in the No-Go condition, shares common underlying
mechanisms with both the Flanker and Stroop tasks. In study 2, the
results also revealed that variables from the divided attention and
selective attention tasks loaded on a common factor related to
processing speed, as well as on a task-specific factor, reflecting their
shared dependence on visual search components. While one might
have expected a structure similar to that of the ANT in study 1 with
3 latent factors corresponding to the 3 attention networks (Fan et al.,
2002), in which each CAM battery task would be loaded, the results
did not support this pattern. This may be explained by the limited
sample size in study 1 and by the fact that we employed the original
version of the ANT, although with modified instructions and breaks
during the task. Overall, the results suggest the emergence of a
common factor related to processing speed and with most tasks
belonging to a specific cognitive domain, particularly in study 2. This
underscores the multidimensional nature of attention, which may
involve components that can be assessed using task-specific norms.
These findings highlight the importance of accounting for both
shared and
cognitive functioning.

task-specific  contributions when evaluating

Several advantages can be highlighted about such an online
battery. The first is the reproducibility of the tasks and the possibility
of sharing them freely. This allows us to overcome the current

problem of replicability in psychological sciences (Klein et al., 2018).
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Moreover, our CAM battery combines child-friendly tasks
(Lumsden et al., 2016), is web-based (Anwyl-Irvine et al., 2021;
Tuerk et al., 2023), and offers the flexibility to evaluate multiple
dimensions of attention through several tasks that can be used
independently. The 8 tasks in the battery can be used within a single
session, for example on top of the Experiment Factory, or selected
individually, either online or locally. Finally, our web-based apps are
free and require few human resources, participants can follow the
instructions autonomously (reading or auditive) on their
web browser.

Interestingly, the executive function is exclusively assessed
using a Flanker task in the ANT, and sometimes variants of the
Stroop or Simon tasks (de Souza Almeida et al., 2021). However, in
real-life contexts, executive control is required in more complex
activities as learning, planning, decision-making, and overcoming
habitual responses (de Souza Almeida et al., 2021; Fan et al., 2009).
These situations not only involve processes similar to those
assessed by the Flanker task in the ANT, but also rely on WM,
another core component of executive functioning (Diamond,
2013). With the CAM battery, we introduce a series of tasks that
assess various components of attention and visuomotor integration,
such as selective and sustained attention, visuo-manual
coordination, divided attention, working memory, and inhibitory
control, using established paradigms like the Stroop, Flanker, and
Go/No-Go tasks. Drawing from several theoretical frameworks,
the battery was designed for children and preteens within an
ecological context.

Several points remain to be considered in the evaluation of the
CAM battery. Firstly, the completion rate varied primarily due to
technical problems and time constraints, which prevented us from
allowing breaks during the administration of tests. To address these
issues, researchers or teachers planning to use the test battery in school
computer rooms should systematically allocate sufficient time (e.g., a
time slot of 2 h for 8 tasks is recommended), including time for student
set-up, instructions and the variable durations required by students to
complete the tests. Secondly, preteens may experience fatigue after
testing, which could affect cognitive performances. However, while
there was no formal break in the middle of the session, each task was
interrupted by a few seconds while the next test was loading. In
addition, tasks were presented randomly in order to control for this
potential bias, thereby minimizing the effect of fatigue on testing.

An important consideration regarding this study is the extent to
which the results can be generalized. The CAM battery was tested
exclusively on a sample of French preteens, which limits the
generalizability of the findings to more diverse populations.
Validation on broader and more representative samples is necessary,
particularly by accounting for differences in age, educational
background, and cultural context. In addition, although children in
France are generally introduced to digital tools from primary school
onwards, ensuring a basic level of digital literacy, variations in
digital practices may still influence task performance. Previous
findings have shown that participants’ experience with action video
games modulated certain cognitive measures (e.g., Green and
Bavelier, 2003). These results highlight that differences in digital
engagement can introduce systematic variation, and should
be considered when extending the use of the CAM battery to
populations with different levels of access to, or familiarity with,
digital environments.
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Moreover, it is essential to assess the stability of CAM scores over
time by establishing test-retest reliability (e.g., Aldridge et al., 2017).
Test-retest reliability assesses the stability of performance across
repeated administrations, indicating whether the tasks are robust to
learning effects or habituation. Future research should investigate this
reliability to support the use of the CAM battery in longitudinal and
interventional studies, as well as in repeated assessments during
training protocols. Although further studies are needed to fully
evaluate the battery’s psychometric properties, the tests were designed
based on well-established psychological measures in the literature,
and we remain confident in the potential of the CAM battery to assess
cognitive functions in preteens.

Finally, the CAM battery has direct potential for integration into
educational assessment practices. In its current form, the tool
provides a brief, gamified, and psychometrically sound evaluation
of core attentional processes, which are foundational for learning
and academic success. Its digital format allows for scalable
administration by researchers as well as teachers or other educational
workers, making it feasible for systematic screening of attentional
profiles in school settings. Such screening could be used, for
example, to tailor pedagogical interventions, particularly in the
transition years (e.g., 6th grade) or complement existing educational
evaluations such as those used in Réseaux d’Aides Spécialisées aux
Eléves en Difficulté (RASED) in France (corresponding to
specialized support networks for students with learning or
behavioral difficulties).

Summary

In summary, we presented and developed the CAM battery
comprising 8 tasks that are adapted for children and assess multiple
dimensions related to attention, executive functions, and visuo-
manual coordination within the school setting. While the
completion indicated a large variability, the evaluation of the CAM
battery demonstrated overall acceptable psychometric qualities in
terms of performance, reliability, and validity for use in a school
context. Future studies should pay particular attention to the
conditions under which the battery is administered, assess its test—
retest reliability in longitudinal studies, and evaluate its
psychometric properties in other languages and cultures. At this
point, we believe that the CAM battery meets important elements
for evaluating the preteens’ attentional performance in the
school context.
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