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ABSTRACT   
Background: children with impulsive behavior and 
poor self regulation have been shown to have low 
parasympathetic tone. high vagal tone is associated 
with attention to novel stimuli.

Objective: To study if heart rate Variability, an index of 
vagal tone, is a mediator of attention.

Method: 77 children who performed a continuous 
Performance test (TOVa test) had their eKg  recorded 
for heart rate Variability measurements. subjects were 
assigned to groups according to their performance on 
the TOVa test  and a general linear model for repeated 
measures applied. Pearson correlations were applied  
for TOVa scores and hrV Values at four epochs.

Results: no individual correlations were found between 
attention scores and hrV. however, there was a significant 
group difference showing that good performers had a 
higher "vagal" tone  than poor performers.

Conclusion: The parasympathetic  system as measured 
through hrV  is not a mediator of attention. hrV may be 
an indicator of better health and ability to self regulate.
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of behaviors are dependent on the ability to regulate 
visceral homeostasis. Specifically, autonomic nervous 
system flexibility might be a marker of health, whereas 
a lack of autonomic nervous system adaptation might 
be a marker or mediator of psychopathology.

Heart rate variability reflects the amount of heart rate 
fluctuations around the mean heart rate. In general, low 
HRV frequencies (0.03Hz,-0.15Hz) reflect sympathetic 
nervous system activity or mixed sympathetic-para-
sympathetic nervous system activity, while high HRV 
frequencies (>0.15Hz), or what is termed respiratory 
sinus arrhythmia (RSA), primarily reflect vagal activity. 
Kleiger et al. (5) showed that in normal subjects, mea-
sures of cardiac autonomic control for quiet resting peri-
ods constitute highly stable individual characteristics. 

HRV, VAgAl Tone And BeHAVioR 
High vagal tone is associated with the ability to self-reg-
ulate, and with greater behavioral flexibility and adapt-
ability; whereas low vagal tone is associated with poor 
self-regulation and with a lack of behavioral flexibility (6, 
7). For instance, children who have difficulty modulating 
their “vagal tone” in response to environmental changes 
also experience difficulty in social interactions, especially 
those that require reciprocal engagement and disengage-
ment (8). Allen et al. (9) reported that decreased cardial 
vagal control is correlated with increased impulse control 
problems. This finding was only significant in males. In 
other studies, boys who exhibited high levels of aggres-
sion and antisocial behavior showed deficiencies in mea-
sures of executive control functions (10) and also defi-
cient vagal modulation of HRV (11). In contrast, children 
with behavioral inhibition and shyness show evidence of 
enhanced sympathetic function and higher HRV (12).

High HRV has been associated with attention to novel 
stimuli (13). Hansen et al. (14), in their study of the effect of 
vagal tone on performance during a CPT task of sustained 

inTRoduCTion

Heart rate variability (HRV) has received considerable 
attention as a promising and potentially informative 
measure of emotional and physical health. Research on 
HRV has been wide-ranging, encompassing such areas 
as cardiac diseases, emotional regulation, information 
processing, optimal performance and social interac-
tion (1- 4). The basic underlying concept is that a range 
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attention, found that subjects in their high HRV group 
had a significantly higher number of correct responses 
compared to subjects in their low HRV group. High HRV 
group subjects also had faster reaction times and fewer 
errors. Further, they found that higher HRV is associated 
with better performance on working memory tasks.

ATTenTion, AdHd And meASuRemenT of ATTenTion
Attention Deficit disorders (ADHD and ADD) are cur-
rently reported to be the most prevalent disorders of child-
hood and also the most studied syndrome in the field of 
child psychiatry (15). Despite these facts, the pathophysi-
ology of ADHD and ADD is far from being understood. 

Precisely which type of neuropsychological impair-
ment is associated with deficits in attention remains 
controversial, but there is growing evidence that there 
is a heterogeneity of underlying mechanisms for the 
ADHD phenotype. Possible explanations include: exec-
utive dysfunctions and in particular deficient inhibitory 
control (16); dysfunction in the distribution of cognitive 
-energetic resources to meet the changing demands of 
different situations (17); and motivational dysfunction, 
an emotional reaction to the imposition of delay, or the 
failure of an impulsive child to engage successfully with 
delay rich situations elicits delay aversion (18). 

Nigg et al. (19) demonstrated that scores on tests of 
executive functioning such as CPT, Wisconsin card-
sorting test, and the Tower of London are abnormal in 
only 50% of ADHD subjects, and that the scores may 
be abnormal in subjects who do not have ADHD. These 
measures, when taken individually or separately, seem 
to lack adequate specificity and sensitivity. Among the 
neuropsychological tasks studied in ADHD research, 
the continuous performance test is one of the most com-
mon, and the derived measure of variability (i.e., reaction 
time standard deviation) yields the greatest effect size for 
ADHD (20). The TOVA (Test of Variables of Attention) is 
one of these continuous performance test and is currently 
in widespread use in Israel. However, its validity and util-
ity has been questioned as a diagnostic test for ADHD.

Preston et al. (21) found that the TOVA did not dis-
criminate between an ADHD group and a sub-clinical-
ADHD control group. The TOVA had a 37% sensitivity 
and a 61% specificity only, compared to the 80% sensi-
tivity and specificity rate of ADHD vs. normal controls 
that was claimed by the researchers who developed 
the TOVA (22). This seems to indicate that subjects 
diagnosed with an attention disorder according to the 
DSM-IV criteria exhibit a complex set of behaviors, and 

that this is only partially captured by the measure of 
attention provided by the TOVA test. 

The present study examined HRV fluctuations in sub-
jects while they performed a continuous performance 
test (CPT) of sustained attention. In particular, we 
explored whether children’s HRV profiles differentiated 
those who performed well on the CPT (“good perform-
ers”) from children who performed poorly on the CPT 
(“poor performers”). If this turned out to be the case, it 
would suggest that the autonomic nervous system is a 
mediator of attention. We deliberately chose not to limit 
subjects to include ADHD children only. The purpose of 
the study is not to differentiate ADHD from controls, but 
to study whether autonomic nervous system function is 
a mediator of attentional performance.

We hypothesize that:
HRV will vary at different phases of the CPT, accord-1. 
ing to demand on attentional effort: i.e., that there 
will be a time effect;
there will be an overall difference in HRV between 2. 
the poor and the good TOVA performers.
HRV will correlate positively with attentional per-3. 
formance. 

meTHodS
SuBjeCTS And PRoCeduRe
All children referred for TOVA test administration at 
the outpatient mental health ADHD clinic, during an 
eight-month period, were offered the opportunity to 
participate in the research. All subjects were a priori 
suspected of having attentional difficulties, and possibly 
an attention disorder, as they were usually referred by 
their school counselor or by a pediatric neurologist. 

None of the subjects received stimulant medication 
or any other type of medication during the test and for 
24-hours prior to the testing. In total, 90 children con-
sented to participate in the study. The TOVA Score is a 
combination of highly predictive score for attentional 
problems: Mean response time, D’prime (measure the 
deterioration of performance over time) and variability 
Since the TOVA score of –1.80 is advertised by the devel-
oper (22) as a cutoff score for assignment to the ADHD 
group with 80% specificity, we adopted this score for 
group assignment. It does not mean, however, that the 
bad performers had a diagnosis of ADHD or that the 
good performers did not have a diagnosis of ADHD: a 
score of less than -1.80 on the TOVA for the “poor per-
former” group; a score of greater than -1.80 on the TOVA 
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for the “good performer” group. Fifty-six children were 
assigned to the poor-performer TOVA, and 21 children 
were assigned to the good-performer TOVA group. 

EKG data from 13 of the original subjects were 
rejected because of poor technical quality. Data from the 
remaining 77 subjects were analyzed. Demographic data 
are summarized in Table 1. The protocol was accepted 
by the hospital’s Helsinki review board.

During the administration of the TOVA to the chil-

dren, the parents were asked to complete a questionnaire 
that assesses symptoms of ADHD (Conners’ Parent 
Questionnaire [23]) and the presence of co-morbidity. 
EKG was measured by three separate electrodes which 
were placed on the subjects arms; two on the left arm 
and one on the right arm. A two-minute baseline EKG 
measurement was recorded. 

THe ToVA TASk 
The visual TOVA is a 21-minute continuous performance 
test (CPT) in which subjects are instructed to press a but-
ton on an electronic micro-switch for every target and 
inhibit their response for every non-target. Stimuli (tar-
gets and non-targets) are presented at the rate of one every 
two seconds. Each stimulus appears for 100 milliseconds. 
Subjects are given a three-minute practice trial, followed 
by the 21-minute test. The 21-minute test consists of four 
parts. The first two parts include 36 targets and 126 non-
targets each, and the second two parts each consist of 126 
targets and 36 non-targets, for a total of 648. 

Scores recorded on the TOVA include omission 
errors (failure to press the switch for a target), commis-
sion errors (erroneously pressing the switch for non-tar-
get), response time for correct responses (time in mil-
liseconds for response after presentation of stimulus), 
response time variability for correct responses. Scores 
are recorded for quarters, halves and total performance 
and are converted from raw scores to standard scores 
based on normative data for age and gender provided 
by the test developers (22, 24).

The EKG data were measured by the Thoughtech 
Procomp Infiniti device and software. A special script was 

written to collect data from five different time-intervals 
of the procedure: 1 - baseline; 2 - the first two minutes 
of the test to measure the HRV adaptation to the task; 
3 - the last two minutes of the (low frequency stimuli pre-
sentation) “boring” part of the TOVA; 4 - the beginning 
two minutes of the high frequency stimuli section of the 
TOVA; 5 - the last two minutes of the TOVA. 

STATiSTiCAl AnAlySiS
The IBI (inter-beat interval) data were exported to 
an Excel file, and artifacts in the data were “cleaned” 
using a custom-designed program. When an artifact of 
approximately double the expected IBI value was noted, 
the program divided the value into two separate beats. 
When an artifact of approximately half the expected IBI 
value was noted, the program combined two IBI beats. 
When a long/high value was followed by a short/low IBI 
value, the program averaged the two values. Results were 
analyzed with HRV Analysis Software 1.1 for Windows 
developed by The Biomedical Signal Analysis Group, 
Department of Applied Physics, University of Kuopio, 
Finland. The software is distributed free of charge upon 
request at http://venda.uku.fi/research/biosignal.

Heart Rate, RRMSSD (root mean square of successive 
differences), PNN50 , very low frequency (VLF), low fre-
quency (LF), high frequency (HF), power mean, and LF/
HF-ratio values were obtained from the IBI values.

Scores on the Conners’ questionnaire were summa-
rized into 14 clinical scales. 

A general linear model with repeated measures (SPSS) 
was used where the within-group factor was time and the 
between-group factor was poor-performer/TOVA ver-
sus good-performer/TOVA. Pearson correlations were 
assessed for relationships between the HRV score and the 
scores on the Conners’ questionnaire scales or the TOVA 
scores. Scores on the Connors’ parent scales for both 
groups and TOVA scores are summarized in Table 2. 

ReSulTS
No statistically significant differences were found for 
the effect of sex or age on any of the HRV variables. 
There was an age X omission errors correlation at all 
four times (O1: .231, p=.03 – O2: .335, p=.00 - O3: .404, 
p=.00 O4 : .244, p=.03).

At baseline the mean heart-rate of the poor-per-
former TOVA subjects (89.9+/-10.7) was slightly higher 
than the mean heart-rate of the comparison-group/

Good  
performers

Bad  
performers

Sig.  
( 2-tailed)

n 21 56 

gender 13 boys, 8 girls 40 boys, 16 girls

age 10.54+_2.99 10.34 +/-2.54 ns

Table 1.  Demographic Data by Groups 
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good-performer (87.8+/-12.3). This difference was not 
statistically significant (t=-.73, p=.466). 

Time domain 1. 
The measure of PNN50 (the percentage of absolute dif-
ference between consecutive IBIs that are greater than 
50 ms) shows that the mean reactivity of the good-per-
former subjects was higher than the mean reactivity for 
the poor-performer subjects (time effect: F=3.36, p<.01; 
group effect, F=3.98, p< .049). 

Another time domain measure which reflects the para-
sympathetic component of HRV is RMSSD (root mean 

square of successive differences between IBIs). On this 
measure there was a significant overall between-groups 
effect, collapsed over all five two-minute time intervals 
[F=7.55, p=.008]. Broken down by two-minute time 
intervals, the following data were attained: time 1 (t=1.9, 
p=.053), time 2 ( t=2.7,p=.041), time 3 (t=1.4, p=.15), 
time 4 (t=2.01. p=.047), and time 5 ( t=2.19, p=.031). In 
comparison to the poor-performer, the good-performer 
subjects had a higher mean HRV at baseline (91.5± 57 
vs. 69.4± 37, p=.053). Moreover, in comparison to the 
poor-performer TOVA subjects, the good-performers 
showed a decrease in HRV during the boring (low fre-

 sign.(2 tailed)tSdbad performersS.dgood performersCONNERS’

ns076.-6.8911.226.2311.35opposition

ns109.6.7115.397.1915.19cognitive

ns535.-5.398.096.098.90hyperactive

ns835.4.484.524.083.62anxiety

ns546.4.185.173.294.67perfection

ns1.6042.653.062.841.90social

ns486.-2.862.523.652.90psychosomatic

ns391.-7.8317.138.9618.00adhd index

ns604.-4.998.255.119.05impulsivity

ns088.-2.333.042.643.10emotion instable

ns1.016-6.8311.324.716.86 general

ns025.5.7111.946.2511.90dsm inattention

ns807.-6.148.937.0210.33dsm hyperactive

ns453.-10.3120.5912.1721.95dsm general

TOVA

01.2.38-22.3292.453.89104.19omission1

ns1.64-23.2590.639.2999.24omission2

005.2.89-25.2583.8412.77100.57omission3

001.3.52-22.8280.4511.0498.81omission4

ns781.-15.26101.489.89104.29commission1

ns046.13.68100.8813.65100.71commission2

ns369.16.05102.298.49101.24commission3

ns672.16.11104.5416.16101.76commission4

000.5.53-21.6179.9512.41107.76reaction time1

000.6.62-16.7883.3612.2598.90reaction time2

000.5.72-20.4775.6110.8598.71reaction time3

000.5.73-20.4275.8813.02103.38reaction time4

000.4.03-19.0182.4611.39100.3Variability1

000.4.46-16.7883.3612.2398.90Variability2

000.4.90-20.4775.6110.8498.71Variability3

000.4.70-21.9876.5010.24100.05Variability4

Table 2.  Mean Value of the Parent Conners’ Rating Scale and the TOVA values by Groups – Good versus Bad Performers
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quency stimulus presentation - time 3) segment of the 
TOVA, whereas the poor-performer TOVA subjects 
did not exhibit this variation. At this point during the 
TOVA (time 3) the earlier difference between the groups 
disappears. This may well reflect the extra mental effort 
required and used by children in the good-performer 
group to attend and accurately respond to the stimuli 
during this part of the test. Another way of looking at 
this is that in the boring phase of the CPT, the good-
performers are similar to the poor-performers. 

Frequency domain2. 
On the high frequency (HF) power variable, mean scores 
in the good-performer group were significantly higher 
than the poor-performer (between group effect: F=4.0, 
p=.048). This suggests that there is a lower overall degree 
of flexibility in the poor-performer TOVA subjects, as 
their HRV was lower implying that the poor-performer 
TOVA subjects did not recruit parasympathetic activa-
tion throughout the duration of the TOVA. There is a 
significant time X group interaction [F= 2.43, p=.048]. 

On the variable of LF power, the mean score for good 
performers was higher than the mean for poor perform-
ers. This difference did not reach statistical significance 
(F=3.5, p= .065). 

diSCuSSion
In the present study, autonomic nervous system regula-
tion was assessed via measures of Heart Rate Variability 

in relation to subjects’ performance on a test of attention 
(TOVA). The first hypothesis - that HRV fluctuated at 
different phases of the CPT according to the attentional 
demands - was confirmed for the “good-performer” 
subjects. We found a significant group difference in 
HRV between the good and poor performers: subjects 
performing well on the TOVA had higher HRV as a 
group. However, the fact that no significant correla-
tions between individual values of HF and the TOVA 
scores were found is disturbing. One possible explana-
tion is that HRV is not a direct mediator of attention 
performance but is a trait marker of better health and 
adaptation. Therefore it would explain why as a group 
the better performer on the TOVA had higher HRV but 
individually it is not the parasympathetic system which 
mediates the attention. Another explanation would be 
that the group difference found reflects a type-1 error. 

The study’s population sample, as a whole, consisted 
of children suspected of having an attentional problem. 
When Connors’ scores for the poor performers and 
good performers (as groups) were compared, no sig-
nificant differences were noted suggesting that we had 
in fact two groups quite similar clinically. 

No statistically significant correlations were found 
between the TOVA scores and the scores on the sub-
scales of the Conners’ Parent Checklist. This seems to 
confirm that what the Conners’ scores are capturing or 
measuring and what the TOVA scores are capturing or 
measuring is not the same dimension of functioning, a 
finding quite similar to Preston et al. (21).

It is possible that a different attentional task or more 
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Fig. 1:  Percentage of absolute difference between two IBI 
>50ms: Pnn 50 time effect: F=3.36, p<.01; group effect, F=3.98, 
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dissimilar groups, i.e., a well defined ADHD group and 
a non-ADHD control group, would have generated dif-
ferent data. 

The data from the present study appear to be consis-
tent with Mezzacappa et al. (10) who found that superior 
or higher performance on tasks of executive function-
ing (e.g., stop-signal task) was associated with higher 
RSA. This consistency between the two studies seems 
to be valid in spite of the fact that the method of data 
collection during task performance in the present study 
differed from Mezzacappa et al., who used physiological 
provocation (standing). Our sample is similar to theirs 
since they examined a mixed population of children from 
mainstream and therapeutic schools and did not formally 
diagnose them. 

In contrast, Borger et al. (7) found that ADHD par-
ticipants had higher HRV than controls. Their study 
included children with a DSM-III diagnosis of ADHD 
who had no co-morbidity, and normal controls only. 
Moreover they examined the 0.10 Hz component as an 
index of effort allocation whereas the present study used 
the HF component (0.14 – 0.25 Hz), which reflects more 
parasympathetic activity. This may account for the dif-
ferent findings.

Within the poor-performer TOVA group, low effort 
allocation is pronounced in the inattentive sub-type chil-
dren/participants, and this manifests primarily during 
the low-frequency (boring) segment of the TOVA test.

These results confirm Porges’ (4) claim that HRV 
reactivity, linked to vagal recruitment, correlates with 
increased self-regulation capacities. In the current study, 
however, children’s performance on all of the segments 
of the TOVA was not correlated with its HRV correlate. 
This seems to support the caveat stated by Bernston (25) 
that psychophysiological relations and biomarkers like 
RSA are often multi-determined.

It does appear, though, that both the TOVA and HRV 
are measures of degree of health in children. Moderate 
flexibility, as measured by HRV scores on the TOVA 
may be a valid indicator of healthy emotional and psy-
chological functioning in children, and may be a skill 
worthy of practice. 

Follow-up research may further clarify the associa-
tion between HRV and attention, and rectify some of the 
limitations in the current study. Future studies should 
select the control group from a non-clinical sample; 
examine a clearly defined and diagnosed ADHD group 
compared with a normal population and include other 
objective measure of degree of attentiveness .
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