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Attention is a major cognitive function that allows the individuals to focus selectively on a discrete stimulus while ignoring others. Visual information could be driven endogenously, when the goals or desires are voluntary, or exogenously, in response to salient visual events in the environment. Since subjects with attention deficit hyperactivity disorder (ADHD) show heightened distractibility during activities that require significant attentional engagement, we hypothesized that they may be more severely impaired in their ability to perform endogenous tasks than controls. To elicit endogenous and exogenous shifts of attention, we thus used a modified version of Posner's cueing task. We compared oculomotor performance measured by an eye tracker in a group of 31 children with ADHD (mean age = 9.1 ± 1.3 years) and age-, sex-, and IQ-matched typically developing children. Endogenous and exogenous conditions were explored in three distinct visual sub-conditions (valid, invalid, and neutral). We found that children with ADHD showed longer latency during endogenous conditions compared to TD children in invalid sub-conditions. They also performed more errors than controls, during the endogenous task in neutral sub-conditions and during exogenous task in neutral and invalid sub-conditions. Our study suggests that children with ADHD may allocate their attention resource toward the detection of exogenous targets with a deficit in their ability to perform endogenous task. We suggest also that they have a difficulty in the engagement of the inhibitory control system particularly during voluntary saccade performance. This could result from impaired interactions between the ventral and dorsal attention networks as well as in the frontal eye field, although neuroimaging studies are necessary to validate this hypothesis in the ADHD population.
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HIGHLIGHTS

- Children with ADHD were impaired in their ability to perform endogenous tasks in the invalid sub-condition as compared to controls as they showed longer eye movement latency during a modified Posner's cueing task.

- Longer latencies during endogenous conditions could be explained by altered interactions between the ventral and dorsal attention networks in children with ADHD.

- Elevated number of errors in children with ADHD could be explained by frontal eye field dysfunction.



INTRODUCTION

Attention is a major cognitive function that allows the individuals to focus selectively on a discrete stimulus while ignoring others (1). The biological substrates involved in spatial selection of attention toward internal or external stimuli seem to be distinct (2). The selection of exogenous stimuli is mainly mediated by dorsal frontoparietal regions, including the intraparietal sulcus (3) while the endogenous (re)-orienting toward task-relevant events involves also the ventral frontal and temporo-parietal regions, including the temporo-parietal junction (4, 5).

Attention deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder with symptoms of impaired attention, impulsivity, and hyperactivity, which occurs in about 5% of children and 2.5% of adults (6). Despite inattention being a core feature of ADHD, the spatial orientation (endogenous vs. exogenous tasks) of attention in subjects with ADHD remains a question of debate (7, 8).

In experimental research, one can indirectly detect the attention focalization on an exogenous object of interest by the ability of one subject to perform saccadic eye movements to place this object on the fovea (9). Derived from these findings, the neuropsychological Posner task was built to assess the individual's ability to perform an attentional shift by exploring the attentional disengagement from endogenous or exogenous tasks. In the endogenous condition, a central cue (often a central arrow) predicts the location of a target and induces a voluntary shift of attention. In the exogenous condition, a peripheral cue, like peripheral luminance onsets, drives attention shift automatically (10). Interestingly, saccadic eye movements and shifts of attention share similar brain networks, such as the frontal eye field, the lateral intraparietal cortex, and the superior colliculi (11, 12). Impairments in attention perception during endogenous tasks in adult subjects with ADHD are correlated with a right-hemisphere anterior deficit (13), but results were inconsistent among studies (14). In contrast, there are consistent findings (but with a reduced effect size) showing a deficit of attention disengagement in the cognitive treatment of exogenous cues (15, 16). In summary, there is no consistent evidence for specific dysfunction in the voluntary orienting of attention in patients with ADHD.

Moreover, Weinstein et al. (17) measured the pupil size in subjects with ADHD during a Sternberg-type delayed visuospatial working memory task and they pointed out that changes in pupil size during a cognitive task could be useful for a better and complete ADHD diagnosis.

Note that to our knowledge, no studies have been done by examining eye movements in a Posner task in children with ADHD.

The aim of this study was to explore further the performance in the Posner task in children with ADHD in order to observe how they are able to engage or disengage their attention. We hypothesized that children with ADHD may be more severely impaired in their ability to perform endogenous tasks than controls since their attention resources were more allocated to the detection of exogenous targets (9, 18). To answer to this question, we examined the eye movement latency in a Posner task in children with ADHD. Note that latency values could be used to probe the integrity of information processing and the allocation of attentional resources.



MATERIALS AND METHODS


Participants

Thirty children with ADHD (mean age = 9.1 ± 1.3 years) and thirty-one IQ- and age-matched typically developmental (TD) children were recruited at the Child and Adolescent Psychiatry Department, Robert Debré Hospital (Paris, France). All children were evaluated by trained child psychiatrists. The diagnosis of ADHD according to DSM-5 criteria (19) was carried out using the Kiddie-SADS-EP (20). During the interview, the presence of psychiatric comorbidities (for instance, anxiety, obsession, and other mental disorders) was systematically screened for and it represented an exclusion criterion for our study. The severity of ADHD symptoms was estimated by using the ADHD Rating Scale (ADHD-RS) parental report. All children with ADHD were also assessed for their cognitive abilities by using the Wechsler Intelligence Scale for Children (fourth edition), the Beery-Buktenica Developmental Test of Visual-Motor Integration (VMI) (21), and the Motor Assessment Battery for Children (MABC) (22). Note also that all children did not receive any psychotherapeutic treatment or other type of therapeutic intervention.

TD children were recruited from the general population. To be included in our study, controls should have an ADHD-RS total score ≤ 10 (23) and a neurological examination in the normal range. Their cognitive skills were evaluated by using two subtests exploring verbal ability (the similarities test) and performance ability (matrix reasoning test). The visual acuity at near distance (Parinaud test) was measured for all children tested.

The clinical characteristics of children with ADHD and controls are reported in Table 1. One TD child was excluded from the study since he had visual acuity below the normal range after corrections (<20/20).


Table 1. Clinical characteristics of children enrolled in the study (after exclusion of one child with typical development for visual acuity below the normal range after corrections).
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The investigation adhered to the principles of the Declaration of Helsinki and was approved by the local ethic committee (Comité de Protection des Personnes CPP, Ile de France). After the nature of the procedure had been explained, a written informed consent was obtained from all participants and their parents.



Visual Condition Experiment

To elicit endogenous and exogenous shifts of attention, we used a modified version of Posner's cueing task (14). In the endogenous condition, centrally presented arrows were used to induce voluntary shifts of attention. In the exogenous condition, peripheral luminance onsets were used to draw attention automatically. The background display consisted of two empty white boxes, with a white fixation cross in the center of the screen, which were presented continuously during the entire run.

In the two attention conditions (endogenous vs. exogenous), three visual sub-conditions were presented to participants. The valid sub-condition in which arrows and peripheral luminance indicated the location of target, the neutral sub-condition in which there were no arrows and peripheral luminance, and the invalid sub-condition in which arrows and peripheral luminance indicated the opposite location of the target (Figure 1). For the endogenous and exogenous conditions, there was a fixation period of 1,000 ms, during which children had to fixate a central cross. After that, depending on the valid or invalid sub-conditions, an arrow or peripheral luminance appeared for 50 ms. In the neutral sub-condition, there were not arrows or peripheral luminance, but only the central cross. Later, the central cross reappeared during 50 ms. After that, a target appeared during 2,000 ms.


[image: Figure 1]
FIGURE 1. Endogenous (A) and exogenous (B) modified Posner's conditions in valid, invalid, and neutral sub-conditions.


All children were instructed to look at the target as accurately and as rapidly as possible. Each child performed the two blocks (endogenous and exogenous conditions) of eye movements. Each block was separated by a few minutes of rest. Each block contained 41 random trials: 16 in the valid sub-condition, 9 in the neutral sub-condition, and 16 in the invalid sub-condition. Note that in the original Posner task, the number of trials is more important, particularly that of the valid sub-condition, and the response was manual (24). In the literature, the original Posner task has been adapted, and in the present study the small number of trials was decided because of the age and pathologies of children, tested also because of eye movement's recording. Indeed, recent paper (25) recording eye movements in children of about 9 years old used a number of trials similar to ours. Note that the results of eye movements' latency had a similar order of magnitude.



Eye Movement Recording

Fixation performance was recorded by the Mobile EBT Tracker (www.SuriCog.fr), a CE-marked medical eye-tracking device. The Mobile EBT is equipped with cameras that capture the movements of each eye independently. The frequency of recording was set up to 300 Hz, and system precision was 0.25°. There was no obstruction of the visual field with this recording system. Children were seated in a chair in a dark room, with the head stabilized by a forehead and chin support; viewing was binocular, and the viewing distance was 60 cm.

Calibration factors for each eye were determined from the eye positions during the calibration procedure (26). Eye movement analyses were performed using the MeyeAnalysis software, which automatically determined the onset and the end of each saccade by using a built-in saccade detection algorithm. A control of the coherence of the analysis was performed by the investigator. For each saccade recorded in the different conditions (endogenous vs. exogenous), we examined their latency in ms, i.e., the time between the onset of the target and the beginning of the eye movements. We recorded also the mean error rate: an error consisted to look at the opposite direction of the target.



Statistical Analysis

As Shapiro–Wilk test demonstrated that the data were not normally distributed, and all statistics were non-parametric. The non-parametric Mann–Whitney U-test was used to compare the latency values and the number of errors made by the two groups of children tested (ADHD and TD children) in the two attention conditions (endogenous and exogenous condition) for the three visual sub-conditions (valid, neutral, and invalid). In order to evaluate the strength of a statistical claim, we calculated the effect size for all variables (r = Z/√N) (27). Note that the interpretation of values of effect size is 0.10– <0.30 small, 0.30–0.50 medium, and ≥0.50 large (28). In order to make multiple-comparison 2 attention conditions × 3 visual sub-conditions, we used the Wilcoxon test. When necessary, Bonferroni post-hoc comparisons were employed. Analyses were performed using the Statistica software, the GLM (advanced linear models) software, and the level of significance was kept at 0.05.




RESULTS

The latency values made by each child tested in the two distinct attention conditions (endogenous vs. exogenous) at the three visual sub-conditions (valid, neutral, and invalid) were reported in Figure 2. The Mann–Whitney U-test (see Table 2A) showed a significant difference of latency in the endogenous condition for the invalid sub-condition (p < 0.001); children with ADHD showed longer values of latency in the endogenous condition for the invalid sub-condition, when compared to TD children.


[image: Figure 2]
FIGURE 2. Individual eye movement latency values made by each child in endogenous (A) and exogenous (B) conditions in the three different visual sub-conditions (valid, neutral, and invalid) considered.



Table 2. Non-parametric Mann–Whitney U results. Bold values for latency (A) and number of errors (B).
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In parallel, we measured the number of errors made by each child in the two distinct attention conditions (endogenous vs. exogenous) at the three visual sub-conditions (valid, neutral, and invalid) (Figure 3). The Mann–Whitney U-test (see Table 2B) showed a significant difference of the number of errors in the endogenous condition for the neutral sub-condition (p < 0.03), and in the exogenous condition for the neutral and invalid sub-condition (p < 0.004 and p < 0.01, respectively); children with ADHD showed a higher number of errors in the endogenous condition for the neutral sub-condition and in the exogenous condition for the neutral and invalid sub-condition when compared to TD children.


[image: Figure 3]
FIGURE 3. Individual values of number of errors made by each child in endogenous (A) and exogenous (B) conditions in the three different visual sub-conditions (valid, neutral, and invalid) tested.


The Wilcoxon test (see Tables 3A,B) showed a significant difference concerning the values of latency in the invalid sub-condition only in children with ADHD.


Table 3. Non-parametric Wilcoxon results for latency (A) and number of errors (B).
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DISCUSSION

The aim of the present study was to explore attention shift impairment in ADHD. We examined the eye movement latency in an adjusted Posner's task in children with ADHD compared to age-, sex-, and IQ-matched typically developing children. Our results were in accordance with our initial hypothesis. Children with ADHD showed longer latency during the endogenous task for the invalid sub-condition and made more errors than did TD children errors in the endogenous condition for the neutral sub-condition and in the exogenous condition for the neutral and invalid sub-condition.


Endogenous and Exogenous Tasks: Difference Between Typically Developing Children vs. Children With ADHD Concerning Values of Latency

The modified Posner's task that we used in our study is a neuropsychological test in which two major types of cues are commonly applied to analyze attention shift based on the distinct visual inputs. The task paradigm relies on the hypothesis that exogenous attention is more driven by peripheral inputs and endogenous attention by central inputs: peripheral signals directly indicate the location of the target and solicit reflective attention, whereas the central signals, before being used, need be interpreted cognitively in order to voluntarily engage attention (29). Previous findings in the literature supported that attention shift related to both sources of tasks (endogenous vs. exogenous) did not share the same cerebral networks (30).

Attention shift related to exogenous stimuli recruited a dorsal frontoparietal network, particularly the dorsal parietal cortex (intraparietal sulcus and superior parietal lobule) and the dorsal frontal cortex along the precentral sulcus, near or in the frontal eye field. In contrast, attention shift related to endogenous tasks included not only the dorsal but also the ventral fronto-parietal network, which included the temporoparietal junction cortex (the gyrus and the ventral part of the supra-marginal gyrus) and the ventral frontal cortex (including parts of the middle frontal gyrus, the inferior frontal gyrus, the frontal operculum, and the anterior insula) (3).

In the present study, in which, for the first time, eye-tracking was used to record eye movement latency in children with ADHD, we reported significant longer latency for children with ADHD only in the endogenous condition for the invalid sub-condition when compared to TD children. Our result reinforced previous findings, suggesting that children with ADHD have difficulties to voluntarily disengage their attention from an erroneous condition (invalid condition) in order to engage attention in the correct direction (31, 32). Recently, in an fMRI study exploring the Posner task performance in 11 healthy adults, Meyer et al. (33) showed that during the endogenous condition and invalid sub-condition, the cerebellar frontal activity of the left hemisphere was greater with respect to valid sub-condition. In line with this article, we could suggest that children with ADHD may have a deficiency in cortical frontal networks.



Endogenous and Exogenous Tasks: Difference Between Typically Developing Children vs. Children With ADHD Concerning Number of Errors

In our study, results showed that children with ADHD have a tendency to make more frequent errors in both conditions than children with TD even if the number of errors was significant for the endogenous condition in the neutral sub-condition and for the exogenous condition in both neutral and invalid sub-conditions (see Table 2B). These findings may be explained by a defect of inhibitory control in subjects with ADHD. Previous findings reported consistently an inhibitory deficit in executive processes in ADHD (34) associated with voluntary saccade abnormalities (35) leading to an elevated number of errors for the two neutral sub-conditions (endogenous as well as exogenous conditions). The dorso-lateral prefrontal cortex and frontal eye field have both a major role for saccade inhibition (36) but also for inhibitory activity (37, 38). This suggests a presence of a dysfunction of the dorso-lateral prefrontal cortex in children with ADHD even if further neuroimaging studies will be necessary to confirm this hypothesis.

Finally, we could develop other types of experiments for exploring attention on such clinical population by comparing social stimuli (such as faces) vs. neutral stimuli (such as arrows) as done by Boncompagni and Casagrande (39), given that positive or negative emotion influenced response from the attentional network.




LIMITATIONS

Further studies with a larger number of children with ADHD with different types of comorbidities will be necessary in order to evaluate more accurately the attentional skills in this type of pathology. The low number of trials could be considered a limitation of this study; however, this could be explained by the fact that we did not want to tire children, particularly children with ADHD when latency of eye movements was recorded. Note also that in the literature studies leading with the Posner task in children, a shorter version of the Posner task was used even when the manual (40) or latency (25) response was recorded.



CONCLUSION

Overall, our study suggested that children with ADHD may allocate their attention resource toward the detection of exogenous targets with a deficit in their ability to perform an endogenous task. This could result from impaired interactions between the ventral and dorsal attention networks as well as in the frontal eye field. However, we observed that children with ADHD were able to use different type of attention indicators (alerting, orienting, and reorienting) like typically developing children.

In the future, it could be interesting to combine behavioral and neuroimaging studies for better understanding the neurophysiological hypotheses of the attentional deficits in subjects with ADHD.



DATA AVAILABILITY STATEMENT

All datasets presented in this study are included in the article/supplementary material.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Comité de Protection des Personnes CPP, Ile de France. Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

MB, SC, and FI: conceptualization. MS and EA: selection of patients. SC and MB: oculomotor measure and data analysis. SC and MB: writing original draft. SC, MB, RD, and FI: review and editing. All authors: contributed to the article and approved the submitted version.



FUNDING

MP Bucci is grateful to the Académie des Sciences, Institut de France/Fondation NRJ, for their financial support.



ACKNOWLEDGMENTS

The authors thank the children who participated in the study. They also thank all the staff from the Child and Adolescent Psychiatry Department, Robert Debré Hospital, Paris (France).



REFERENCES

 1. Allport A. Visual attention. In: Posner MI, editor. Foundations of Cognitive Science. Cambridge, MA: The MIT Press (1989). p. 631–82.

 2. Posner MI, Cohen Y. Attention and the control of movements. Adv Psychol. (1980) 1:243–58. doi: 10.1016/S0166-4115(08)61949-4

 3. Macaluso E, Doricchi F. Attention and predictions: control of spatial attention beyond the endogenous-exogenous dichotomy. Front Hum Neurosci. (2013) 7:685. doi: 10.3389/fnhum.2013.00685

 4. Corbetta M, Patel G, Shulman GL. The reorienting system of the human brain: from environment to theory of mind. Neuron. (2008) 58:306–24. doi: 10.1016/j.neuron.2008.04.017

 5. Chica AB, Bartolomeo P, Valero-Cabré A. Dorsal and ventral parietal contributions to spatial orienting in the human brain. J Neurosci. (2011) 31:8143–9. doi: 10.1523/JNEUROSCI.5463-10.2010

 6. Faraone SV, Asherson P, Banaschewski T, Biederman J, Buitelaar JK, Ramos-Quiroga JA, et al. Attention-deficit/hyperactivity disorder. Nat Rev Dis Primers. (2015) 1:15020. doi: 10.1038/nrdp.2015.20

 7. Castellanos FX, Tannock R. Neuroscience of attention-deficit/hyperactivity disorder: the search for endophenotypes. Nat Rev Neurosci. (2002) 3:617–28. doi: 10.1038/nrn896

 8. Mueller A, Hong DS, Shepard S, Moore T. Linking ADHD to the neural circuitry of attention. Trends Cogn Sci. (2017) 21:474–88. doi: 10.1016/j.tics.2017.03.009

 9. Deubel H, Schneider WX. Saccade target selection and object recognition: evidence for a common attentional mechanism. Vision Res. (1996) 36:1827–37. doi: 10.1016/0042-6989(95)00294-4

 10. Posner MI. Orienting of attention. the 7th Sir F.C. bartlett lecture. Quart J Exp Psychol. (1980) 32:3–25. doi: 10.1080/00335558008248231

 11. Ignashchenkova A, Dicke PW, Haarmeier T, Thier P. Neuron-specific contribution of the superior colliculus to overt and covert shifts of attention. Nat Neurosci. (2004) 7:56–64. doi: 10.1038/nn1169

 12. de Haan B, Morgan PS, Rorden C. Covert orienting of attention and overt eye movements activate identical brain regions. Brain Res. (2008) 1204:102–11. doi: 10.1016/j.brainres.2008.01.105

 13. Carter CS, Mintun M, Cohen JD. Interference and facilitation effects during selective attention: an H 2 15 O PET study of Stroop task performance. NeuroImage. (1995) 2:264–72. doi: 10.1006/nimg.1995.1034

 14. Huang-Pollock CL, Nigg JT. Searching for the attention deficit in attention deficit hyperactivity disorder: the case of visuospatial orienting. Clin Psychol Rev. (2003) 23:801–30. doi: 10.1016/S0272-7358(03)00073-4

 15. Nigg JT, Swanson JM, Hinshaw SP. Covert visual spatial attention in boys with attention deficit hyperactivity disorder: lateral effects, methylphenidate response and results for parents. Neuropsychologia. (1997) 35:165–76. doi: 10.1016/S0028-3932(96)00070-X

 16. Epstein JN, Conners CK, Erhardt D, March JS, Swanson JM. Asymmetrical hemispheric control of visual-spatial attention in adults with attention deficit hyperactivity disorder. Neuropsychology. (1997) 11:467–73. doi: 10.1037/0894-4105.11.4.467

 17. Wainstein G, Rojas-Líbano D, Crossley NA, Carrasco X, Aboitiz F, Ossandón T. Pupil size tracks attentional performance in attention-deficit/hyperactivity disorder. Sci Rep. (2017) 7:8228. doi: 10.1038/s41598-017-08246-w

 18. Rizzolatti G, Riggio L, Dascola I, Umiltá C. Reorienting attention across the horizontal and vertical meridians: evidence in favor of a premotor theory of attention. Neuropsychologia. (1987) 25:31–40. doi: 10.1016/0028-3932(87)90041-8

 19. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders. 5th ed (2013). doi: 10.1176/appi.books.9780890425596

 20. Goldman LS, Genel M, Bezman RJ, Slanetz PJ. Diagnosis and treatment of attention-deficit/hyperactivity disorder in children and adolescents. Council on Scientific Affairs, American Medical Association. JAMA. (1998) 279:1100–7. doi: 10.1001/jama.279.14.1100

 21. Beery K: The Beery-Buktenica Developmental Test of Visual-Motor Integration: VMI with Supplemental Developmental Tests of Visual Perception and Motor Coordination: Administration Scoring and Teaching Manual. Parsippany, NJ: Modern Curriculum Press (1997).

 22. Henderson SE, Sugden DA. Movement Assessment Battery for Children Manual. London: Psychological Corporation Ltd. (1992)

 23. Dickson RA, Maki E, Gibbins C, Gutkin SW, Turgay A, Weiss MD. Time courses of improvement and symptom remission in children treated with atomoxetine for attention deficit/hyperactivity disorder: analysis of Canadian open-label studies. Child Adolesc Psychiatry Ment Health. (2011) 5:14. doi: 10.1186/1753-2000-5-14

 24. Posner MI, Cohen Y. Components of visual orienting. Attent Perform. (1984) 32:531–56.

 25. Zhang X, Fu W, Xue L, Zhao J, Wang Z. Children with mathematical learning difficulties are sluggish in disengaging attention. Front Psychol. (2019) 10:932. doi: 10.3389/fpsyg.2019.00932

 26. Bucci MP, Seassau M: Saccadic eye movements in children: a developmental study. Exp Brain Res. (2012) 222:21–30. doi: 10.1007/s00221-012-3192-7

 27. Rosenthal R. Parametric measures of effect size. In Cooper H, Hedges LV, editors. The Handbook of Research Synthesis. New York, NY: Russell Sage Foundation (1994). p. 231–44.

 28. Leppink J, O'Sullivan P, Winston K. Effect size – large, medium, and small. Perspect Med Educ. (2016) 5:347–49. doi: 10.1007/s40037-016-0308-y

 29. entürk G, Greenberg AS, Liu T. Saccade latency indexes exogenous and endogenous object-based attention. Atten Percept Psychophys. (2016) 78:1998–2013. doi: 10.3758/s13414-016-1136-1

 30. Corbetta M, Shulman GL. Control of goal-directed and stimulus-driven attention in the brain. Nat Rev Neurosci. (2002) 3:201–5. doi: 10.1038/nrn755

 31. Waldman I, Faraone SV. A meta-analysis of linkage and association between the dopamine transporter gene (DAT1) and childhood. Behav Gene. (2002) 32:487. doi: 10.1086/302132

 32. Singh A, Yeh CJ, Verma N, Das AK. Overview of attention deficit hyperactivity disorder in young children. Health Psychol Res. (2015) 3:2115 doi: 10.4081/hpr.2015.2115

 33. Meyer KN, Du F, Parks E, Hopfinger JB. Exogenous vs. endogenous attention: Shifting the balance of fronto-parietal activity. Neurophsychologia. (2018) 111:307–16. doi: 10.1016/j.neuropsychologia.2018.02.006

 34. Willcutt EG, Betjemann RS, McGrath LM, Chhabildas NA, Olson RK, DeFries JC, et al. Etiology and neuropsychology of comorbidity between RD and ADHD: the case for multiple-deficit models. Cortex. (2010) 46:1345–61. doi: 10.1016/j.cortex.2010.06.009

 35. Rommelse NN, Van der Stigchel S, Sergeant JA. A review on eye movement studies in childhood and adolescent psychiatry. Brain Cogn. (2008) 68:391–414. doi: 10.1016/j.bandc.2008.08.025

 36. Pierrot-Deseilligny C, Müri RM, Ploner CJ, Gaymard B, Rivaud-Péchoux S. Cortical control of ocular saccades in humans: a model for motricity. Prog Brain Res. (2003) 142:3–17. doi: 10.1016/S0079-6123(03)42003-7

 37. Angius L, Santarnecchi E, Pascual-Leone A, Marcora SM. Transcranial direct current stimulation over the left dorsolateral prefrontal cortex improves inhibitory control and endurance performance in healthy individuals. Neuroscience. (2019) 419:34–45. doi: 10.1016/j.neuroscience.2019.08.052

 38. Fuster JM. The prefrontal cortex in the neurology clinic. Handb Clin Neurol. (2019) 163:3–15. doi: 10.1016/B978-0-12-804281-6.00001-X

 39. Boncompagni I, Casagrande M. Executive control of emotional conflict. Front Psychol. (2019) 10:359. doi: 10.3389/fpsyg.2019.00359

 40. Tsai CL. The effectiveness of exercise intervention on inhibitory control in children with developmental coordination disorder: using a visuospatial attention paradigm as a model. Res Dev Disabil. (2009) 30:1268–80. doi: 10.1016/j.ridd.2009.05.001

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Caldani, Isel, Septier, Acquaviva, Delorme and Bucci. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fped-08-00484-t002.jpg
Latency (ms) Rank sum (TD) Rank sum (ADHD) u z P-level Effect size

Endogenous —valid 859 1,032 394 -1.02 031 -0.13
Endogenous —neutral 875 964 440 -0.13 0.89 -0.01
Endogenous —invalid 715 1,176 250 -3.10 0.001 -0.39
Exogenous—valid 935 953 457 0.1 091 0.01
Exogenous—neutral 983 728 322 1.52 0.12 0.19
Exogenous —invalid 970 921 425 0.58 0.56 0.07
Number of error Rank sum (TD) Rank sum (ADHD) u Z P-level Effect size
@
Endogenous —valid 811 1,079 346 -1.71 0.06 -0.21
Endogenous —neutral 776 1,064 341 -1.60 0.03 -0.20
Endogenous—invalid 811 1,080 346 -1.72 0.07 -0.22
Exogenous—valid 875 1,015 410 -0.79 0.38 -0.10
Exogenous —neutral 724 1,106 289 -237 0.004 -0.30

Exogenous—invalid 764 1,127 299 —-2.39 0.01 -0.30





OPS/images/fped-08-00484-t003.jpg
TD children Children with ADHD

Latency (ms) T z P-level T z P-level  Bonferronipost-hoc  Effect size
Endogenous—valid vs. exogenous valid 850 1,032 394 102 031 -0.13

Endogenous—neutral vs. exogenous neutral 875 954 440 -013 089 -0.01

Endogenous —invalid vs. exogenous invalid 715 1,476 250 -310 0001 -0.39 0.003 057
Errors T z P-level T z P-level  Bonferronipost-hoc  Effect size
Endogenous—valid vs. exogenous valid a4 09 036 128 0.30 076

Endogenous—neutral vs. exogenous neutral  10.50 1.05 029 110 0.17 085

Endogenous—invalid vs. exogenous invalid 57.50 1.21 022 114 129 0.19






OPS/images/fped-08-00484-g003.gif
N of o i Endogenas sk

0 4 O i
oao0

Namberof o i Ensogenous sk

.
ry ° £l
% o °
o °® Q
S s % e
£ & £ &8
L} P P )





OPS/images/fped-08-00484-t001.jpg
Clinical data
Age (years)

Visual acity

ADHD-RS

ADHD-RS total score

ADHD-RS inattention subscore

ADHD-RS hyperactivity/impulsivity subscore
Wechsler scale (WISC-IV) scores

Verbal Comprehension subscale

Perceptual reasoning subscale

Working memory subscale

Processing speed subscale

Similarity test

Meatrix reasoning test

95+23
20/20

4+£08

10.06 + 0.4
10.14 £ 056

ADHD
N=31

91£13
20/20

388+ 1.8
193+ 1
196+1.2

99.1£33
93.6+35
86.6+3.0
909+27
99+06
97+05

D, typically developing; ADHD, attention deficit hyperactivity disorder, N, number; ADHD-
RS, attention deficit hyperactivity disorder rating scale; WISC-IV, Wechsler Intelligence

Scale for Children.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impairment in Attention Focus During the Posner Cognitive Task in Children With ADHD: An Eye Tracker Study



		Highlights



		Introduction



		Materials and Methods



		Participants



		Visual Condition Experiment



		Eye Movement Recording



		Statistical Analysis







		Results



		Discussion



		Endogenous and Exogenous Tasks: Difference Between Typically Developing Children vs. Children With ADHD Concerning Values of Latency



		Endogenous and Exogenous Tasks: Difference Between Typically Developing Children vs. Children With ADHD Concerning Number of Errors







		Limitations



		Conclusion



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		Acknowledgments



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

Impairment in Attention Focus
During the Posner Cognitive Task
in Children With ADHD: An Eye
Tracker Study





OPS/images/fped-08-00484-g001.gif
0-0 - o-0
P P
o-0| |o-0) (B-0f - 0-0] |o-0f [B-0
. 7 - . o
0-0 - 0-0
0-6 - 0.8
0-0 - -0






OPS/images/fped-08-00484-g002.gif
IEEEEEE

[

Lotncy i Endogenous sk (ms)

o
s o5 ©

:@Z:‘zﬁ:@é%%gf

T T —r——r

¥ 858

[

Latncy i Bxogenous sk ()

Whid  Nowsl  Swald









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





