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Abstract 
Until today, almost all studies on Sustained Attention (SA) in the classroom 
were based on the time management by the teacher and its effect on student 
attention, but almost none report objective and conclusive data on physio-
logical factors that intervene and modulate the student’s AS during class; 
which led the pedagogical sciences to consider that AS depends almost exclu-
sively on the teacher’s methodology. In this study, an AS Detection System in 
the classroom was designed and validated based on Heart Rate Variability 
(HRV) and through a non-parametric analysis of time, frequency and en-
tropy measures, in A sample of 30 subjects, it was shown that the physio-
logical response that promotes AS in students is activated between the first 
15 to 20 minutes of a conventional class. In addition, it was verified that the 
Positive Affection, the Tension and the Chronotype modulate the AS in the 
first minutes, in the middle and at the end of the classes, and that there is a 
significant difference in the 40th minute for the morning and evening 
groups. 
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1. Introduction 

In the educational demand of the Teaching/Learning processes there is a need 
for the attention to be continuous or sustained over a long period of time. How-
ever, attention as a central process of cognition (Herrera, Cid, Pinilla, Quezada, 
& Santana, 2016; Nobre & Kastner, 2014; Yoo, Rosenberg, Hsu, Zhang, Li, 
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Scheinost, Constable, & Chun, 2018) also has neural integration substrate (Rohr, 
Arora, Cho, Katlariwala, Dimond, Dewey, & Bray, 2018) that influences learning 
(Onley, Risko, D’mello, & Graesser, 2015) and is also determined by factors such 
as: physical characteristics of the stimuli, number of stimuli, rhythm, time and 
space of the stimulus (Cuervo & Quijano, 2008). 

1.1. Attention and HRV Studies 

Several studies have sought to determine the time of AS in the classroom; for 
example, in the year 1976, Johnstone and Percival (cited by Bunce, Flens, & 
Neiles, 2010) measured student attention during 90 different classes by observers 
external that recorded attention subjectively. A decrease in attention was ob-
served in the first five minutes and another around 10 to 18 minutes. 

Bunce et al. (2010) investigated the attention lapses reported by the same stu-
dents during a class time of 50 minutes and found that students do not pay at-
tention continuously for 10 to 20 minutes during a class. Instead, their attention 
alternates between being attentive and not attentive in shorter and shorter cycles 
along a 50-minute class segment. Additionally, Wilson and Korn (2007) re-
viewed several investigations with different types of attention measures: student 
annotations, observations of students during classes and self-reports of student 
attention and physiological measures. These authors state that student attention 
decreases approximately 10 to 15 minutes in class. They also reported that the 
research, on which the calculation of attention is based during classes, provides 
little support for the belief that student attention decreases after 10 to 15 mi-
nutes, as most studies did not take into account the individual differences of the 
subject. 

It should be noted that the physiological measure of SA, such as Heart Rate 
(HR) is considered an excitation indicator as a component of SA (Wilson & 
Korn, 2007; Bradbury, 2016). Thus, the HR or variation of the time intervals 
measured between heartbeats (Capuana, Dwyan, Tays, Elmers, Witherspoon, & 
Segalowitz, 2014; Shaffer & Venner, 2013; Shaffer, McCraty, & Zerr, 2014; 
Holzman & Bridgett, 2017), is considered by the “Porges Polyvagal Perspective” 
(Porges, 1995, 2001, 2007) and the “Neurovisceral Integration Model” (Thayer & 
Lane, 2000; Thayer, Hansen, Saus-Rose, & Johnsen, 2009) as part of the 
pre-frontal cortical substrates of top-down self-regulation, influenced by the 
Autonomous Nervous System—ANS (subdivided into Parasympathetic Nervous 
System—PNS and Sympathetic Nervous System—SNS) (Cardinali, 2018; Holz-
man & Bridgett, 2017), which influences the psychological (Capuana et al., 2014) 
and emotional processes (Appelhans & Luecken, 2006). In this way, the activa-
tion of the SNS produces an increase in the HR and the PNS decreases the HR; 
This fluctuation is known as HR Variability—HRV (Fonfría, Poy, Segarra, López, 
Esteller, Ventura, Moltó et al., 2011) which at the same time makes it possible to 
measure SA objectively. Thus, the activity of the ANS plays a fundamental role 
in implicit learning (Forman-Alberti & Benjamin-Hinnant, 2016), in cognition, 
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in emotional and mainly in attention (Bermudez, Klerman, Czeisler, Cohen, 
Wyatt, & Phillips, 2016; De Abreu, 2012; Ohyama et al., 2016; Serrano-Trejo, 
Leija-Alva, Aguilera-Sosa, & Rodríguez-Choreño, 2012; Sanchis, Prat, & Sitges, 
2016; Graveline & Wamsley, 2017; Itzek-Greulich, Randler, & Vollmer, 2016; 
Luque-Casado, Perales, Cárdenas, & Sanabria, 2016). 

In a systematic review and meta-analysis (Robe, Dobrean, Crístea, Păsărelu, & 
Predescu, 2019) they found a significant relationship between the Attention 
processes with the HRV. For their part, Griffiths, Quintana, Hermens, Spooner, 
Tsang, Clarke and Kohn (2017) conclude that the time and frequency measure-
ments of the HRV offer important information about AS, emotion and behavior. 
The analysis of the HRV and its relationship with attention was also used by 
Chang and Huang (2012), who in a laboratory procedure, presented the partici-
pants with two types of tasks (low and high attention); The study concluded that 
both the demand for tasks regarding the operation of care processes result in 
changes in the HRV. 

1.2. Studies on Personality, Emotion and HRV 

At the same time, personality has been studied as a structural dimension of the 
psychology of the individual (Matthews, 2016; Linden, Dunkel, & Petrides, 2016; 
Revelle, 2016) and emotions are understood as a set of events that arise at the 
level of psychological description constituted by neurobiological processes, with 
holistic empirical approach (Barrett, Mesquita, Ochsner, & Gross, 2007; LeDoux, 
Phelps, & Alberini, 2016; Purnamaningsih, 2017; LeDoux & Brown, 2017) that 
are related to SA, perception, cognition and personality (Pessoa, 2018), which 
should be approached comprehensively (Cowen & Keltner, 2017) in the interac-
tion with the school context in which the student develops (Scott-Parker, 2017) 
and the way in which together with the Personality modulates attention (Mogg 
& Bradley, 1999). 

Today we know, for example, that there is interaction between negative affec-
tivity and attention control (Lonigan & Vasey, 2009). Therefore, an individual’s 
ability to regulate emotion can modulate the extent to which attention is di-
rected toward any stimulus or threat (Cisler & Koster, 2010; Peers & Lawrence, 
2009) and unless attention control in highly anxious individuals, the processing 
of stimuli that are not threatening will be low (Ortega, Ramírez, Colmenero, & 
García-Viedma, 2012) and although the existence of the emotion/attention rela-
tionship is clear (Pacheco-Unguetti, Acosta, Callejas, & Lupiáñez, 2010), the 
same does not happen with the personality/attention relationship; hence the na-
ture of that relationship needs to be defined in terms of objective measures. And 
the HRV is a biomarker that allows the integration of psychobiological processes 
precisely in natural contexts, as discussed in this study. 

For example, in an exploratory study by Ramírez, Ortega and Reyes (2015) 
found that High Frequency HRV modulates the association between anxiety and 
SA control in situations involving neutral stimuli, and risk aversion in the taking 
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of decisions. Similarly, the HRV of the High Frequency band was positively as-
sociated with the attentional control and was negatively associated with the risk 
aversion. It was also found that High Frequency HRV modulates the influence of 
anxiety both in the control of attention to neutral stimuli and in risk aversion in 
decision making, which is consistent with Mather and Thayer (2018), who found 
that individuals with high HRV tend to have better emotional well-being than 
those with low HRV. 

Another study based on the reinforcement model, speed of learning in deci-
sion-making, modulated by positive and negative emotions, it was concluded 
that a low resting HRV shows a higher negative motivational value in response 
to negative images (Katahira et al., 2015), which somehow agrees with Quintana, 
Guastella, Outhred, Hickie and Kemp (2012) who verified association of the 
HRV with the recognition of emotions. 

1.3. Chronotype and HRV 

The Chronotype is the variation in the temporal organization of sleeping beha-
vior, attributed to differences in circadian oscillation, sleep/wake cycle, related to 
psychological differences (Leocadio-Miguel et al., 2017; Randler & Rahafar, 
2017; Markarian, Warnke, & Pickett, 2017; Roenneberg, Wirz-Justice, & Mer-
row, 2003), is also considered as a key element in adolescent life (Touitou, Toui-
tou, & Reinberg, 2017) influencing health, academic performance (Borgio, Koga, 
Matynhak, & Louzada, 2018; Escribano & Díaz-Morales, 2016; Horzum, Önder, 
& Beşoluk, 2014; Tonetti, Natale, & Randler, 2015), in the consolidation of 
learning and memory (Araújo & Almondes, 2012) and in the decision making 
among other multiple aspects (Ingram et al., 2016) and in Attention (Vollmer, 
Pötsch, & Randler, 2013). 

Roeser, Obergfell, Meule, Vögele, Schlarb and Kübler (2012) explored in an 
exploratory way the differences in the HRV and other cardiovascular measures 
in the Chronotypes of Morning and Evening students, at rest and under stress 
conditions at different times of the day. The findings of this study say that the 
Evening types have lower HRV than the Morning types and also that the in-
crease in physiological arousal at night types could contribute to a greater vul-
nerability to psychological disorders (Roeser et al., 2012). In another study de-
veloped by Henelius, Sallinen, Huotilainen, Müller, Virkkala and Puolamäki 
(2014), they examined the use of spectral measures of the HRV to measure the 
sleepiness under chronic partial sleep restriction, concluding that the spectral 
power of the HRV reflects the SA in individuals exposed to partial sleep restric-
tion (Henelius et al., 2014). On the other hand, Hasler, Allen, Sbarra, Bootzin 
and Bernert (2010) studied Morning and Evening individuals in a condition of 
depression and non-depression, in order to determine the relationship of Posi-
tive Affection with behavioral activation. The evidence provided by Hasler et al. 
(2010) reports that circadian rhythms can also be related to the Behavior Activa-
tion System and Positive Affection, but not with the Behavioral Inhibition Sys-
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tem or Negative Affection, and it is concluded that the morning activity it is as-
sociated with depression through indirect multi-step routes. 

This study is based on two fundamental premises: 1) The HRV is the result of 
the interactions between the Autonomic Nervous System (ANS) and the heart’s 
functioning mechanism; and the activity of the ANS is based on the balance of 
the SNS and SNP. 2) The activity of the ANS plays a fundamental role in SS, in 
emotional responses, in cognition and in learning. In this way, the objective of 
the study was: To examine the truth that the time of SA in students, in the class-
room, can be measured from the HRV and modulated by personality, emotion 
and chronotype. 

2. Method 
2.1. Participants 

In the validation study of the Attention Detection System based on the Variabil-
ity of Hear Rate (ADS-HRV1) three male volunteers participated. Subsequently, 
in the next phase, through the method of approaching group interactions in 
ecologically natural environments (Dikker, Wan, Davidesco, Kaggen, Oostrik, 
McClintock, Poeppel et al., 2017) 30 participated: minimum age = 18 years and 
maximum age = 45 years (M = 20.5 ± 6.951); 80% women 20% men; 23 first year 
physiotherapy students and 7 first year nursing students. The data was recorded 
during 1:30 p.m. during three class sessions. There was no intervention in the 
teacher’s methodology. The methodology used was traditional with the use of 
Power Point. Students were connected to ADS-HRV1 five (5) minutes before 
class. 

2.2. Instruments and Techniques 

ADS-HRV1. It is designed for recording heartbeat in a natural environment, 
based on Arduino Technology. It is a platform for electronic prototypes of free 
hardware and single board, designed with a microcontroller by integrated input 
and output gate and standard programming language (Geddes, 2017; MacRo-
berts, 2015). The components of the ADS-HRV1 are: 1) Arduino: Open source 
electronic prototype based on flexible hardware and software. It was pro-
grammed using the “Arduino Programming Language” (based on Wiring) and 
the “Arduino Development Environment” (based on Processing). 2) Protoboard: 
Plate with contact matrix that allowed the construction of experimental circuits 
without welding. 3) Micro SD Memory Card Module: Device used to store in-
formation in numerical form. 4) Heart Rate Sensor: Amplified optical sensor 
that read the heartbeat. 5) 9 Volt Battery (9 V): Power source or ADS-HRV1 
power supply. 

Sixteen Personality Factor Questionnaire (16PF). Psychometric test validated 
for Brazil by Figueiredo de Barros and Menezes (1998) and Tomelin (2002). In 
this study two factors were used: Abstractedness (measurement of intelligence 
sensitive to the subject’s schooling) and Tension (associated with floating anxie-
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ty, generalized frustrations, stress, anxiety manifested in sleep problems, agita-
tion, impatience and irratibility). Abstractedness and Tension, as separate fac-
tors from the general instrument of the 16PF, do not present statistical homoce-
dasticity, therefore the report of mathematical reliability is not necessary. 

Positive and Negative Affection Scale (EA) by Zanon, Roat, Cerentini and 
Hutz (2013). The EA Scale presented an internal consistency of 0.83 for Positive 
Affect and 0.77 for Negative Affect. It is composed of 20 items: 10 for Positive 
Affection and 10 for Negative Affect, organized by three categories: Low, Me-
dium and High. This Scale conforms to the criteria of the Society for Affective 
Science that classifies and measures emotions in Positive and Negative (Meiselman, 
2017). 

Morningness-eveningness Questionnaire—MEQ of Horne and Ostberg (1976). 
Validated and standardized for Portuguese by Benedito-Silva et al. (1990), com-
posed of 19 items. Scores vary between 16 and 86 points. Low scores indicate 
Evening type, high indicates Morning type and averages indicate Intermediate 
type. The distribution of the bimodality index (without type) is determined from 
the equation Bomodality Index (BI) = (ΣA1 × ΣA4)2 − (ΣA2 × ΣA3)2 (Martynhak, 
Louzada, Pedrazzoli, & Fontenele-Araujo, 2010). 

2.3. Data Processing 

The analysis of the heartbeat was made from values measured between consecu-
tive RR Intervals, as established by the international standard of the European 
Society of Cardiology and the American Society of Stimulation and Electrophy-
siology (Shaffer et al., 2014). The observation window was 60 minutes in the 
time series, subdivided into 12 time segments of the 5-minute, processed with 
the “Kubios HVR Standard 3.1.0” software, which accurately identifies the RR 
Intervals and then performs the mathematical analyzes of the HHR in the do-
main of Time, of Frequency and Entropy (Tarvainen, Niskanen, Lipponen, Ran-
ta-aho, & Karjalainen, 2014; Yentes, Hunt, Schmid, Kaipust, McGrath, & Ster-
giou, 2013). This is how the results of the HRV are divided: 

1) Time Domain. a) RR intervals: Distance measured in milliseconds, between 
two successive R waves of the heartbeat. b) HR—Heart Rate: Number of heart-
beats per minute. c) SDD-RR—Standard deviation of RR: Dispersion measure-
ment that provides a quantification of the slow variations of the HRV. d) 
RMSDD-RR—Root Mean Square of the Successive Differences: Quantification 
of the abrupt variations of the HRV. 

2) Frequency Domain. Treat the HRV as a variable frequency signal and the 
amounts are expressed in the distribution of the percentage (%) of the power of 
the wave signal, related to the “rhythm” in which the variations occur: a) High 
Frequency Spectrum (%HF): Power with a range of 0.15 to 0.4 hertz, reflects 
PNS activity. b) Low Frequency Spectrum (%LF): With a range of 0.04 to 0.15 
hertz; reflects the activity of the SNS and its emotional reactions (Shaffer et al., 
2014). c) of the spectra LF/HF Ratio: Additional measure to assess the balance 
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between sympathetic and parasympathetic activity of the heart. When the value 
of the LF/HF Ratio is low, it presupposes PNS dominance and when the value of 
the relationship is high, the predominance is of the SNS. 

3) Nonlinear measurements. Entropy; parameters and statistics developed by 
Pincus (1991) based on chaos theory, which presents an explanatory model of 
the complexity of biological dynamics, related to the entropy of Kolmogorov, 
which offers a measure of the irregularity of a series of data. The algorithms are 
Approximate Entropy (ApEn) and Sample Entropy (SampEn), which are pat-
terns to characterize the complexity and irregularity of the HRV signals. 

2.4. Information Processing 

The ADS-HRV1 validation was based on the paired system method: ADS- 
HRV1/EKG Patron System. The EKG Patron System is the LabChart package, 
supplied by PowerLab, which displays the EKG data in real time. The RR Inter-
val values were extracted, stored on the local PC using interfaces and software 
supplied by the manufacturer and the records were imported to the Excel 2007 
version. Meanwhile, the heart rate records recorded by the ADS-HRV1 they 
were stored on the SD memory card, exported for the Excel 2007 version on a 
local PC. Long segments of the heartbeat recordings were used in 10 minute 
time. Subsequently, the system data were compared. The intra-class correlation 
(individual and average) and the Cronbrach Alpha were calculated exploratory-
ly. Confirmatory analysis of variance was performed. 12 paired records were 
analyzed: ADS-HRV11-12/EKG Patron System. 

Spearman’s correlation index (R) was verified for data recorded by ADS- 
HRV11-10/EKG Patron System and Pearson’s R index for records of ADS- 
HRV111-12/EKG Patron System. In the cross correlation a highly significant R in-
dex was verified for all systems (R = 0.599 to R = 0.98; p < 0.01). Individual 
Cross Correlation (ICC), intraclass cross correlation (InCC) and Cronbach’s 
Alpha (α), showed a good fit (ICC = 0.43 to ICC = 0.99; InCC = 0.69 to InCC = 
0.99; α = 0.61 to α = 0.99; p < 0.01). 

Confirmatory analysis was made from Analysis of Variance with the Fish-
er-Snedecor statistic (f) for the ADS-HRV11-10/EKG Patron System and the 
t-Student statistic (t) and for the ADS-HRV111-12/EKG Patron System. The result 
was the validity of the systems [f = 1.86 (p < 0.05) to f = 33.37 (p < 0.05); t = 2.92 
(p < 0.05) and t = 28.41 (p < 0.05)]. It is concluded that there is no significant 
variance among the twelve (12) ADS-HRV1. 

The statistical method used for the next phase is Non-Parametric Inference 
with Analysis of Variance from the Friedman test in the time series of the HRV 
and the adjusted significance (p-Adj) between the segments of the time series in 
each parameter of the HRV. The Global Median (GM) and the estimated vector 
distance (linear fit or R2) are also calculated and displayed. In the case of the 
Psychological variables, Spearman’s correlation was performed, beyond the de-
scriptive statistics and to verify the modulation of the psychological variables 
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and the Chronotype the SA from the HRV, the Chi-square (χ2) of Kruskal-Wallis 
was used and a significance of p < 0.05 was established; In addition, p-Adj was 
verified for categorical data. 

The following software packages were used: 1) Sketch_may24a|Arduino1.8.9 
(for Windows): Free software used to mount the ADS-HRV1 code. 2) Kubios 
HVR Standard 3.1.0. Free software used to identify the RR Intervals in the time 
series. 3) IBM Statistics SPSS-20. 4) Microsoft Excel for Windows. 

3. Results 

The lowest number of heart pulses was 5338 and the highest was 8678. The over-
all average was 6444. The GM of Interval RR was 683.3 ± 61.95. Table 1 shows  

 
Table 1. Descriptive statistics of the parameters of the VFC in the 60-minute time series. 

Time Dispersion 
Time Domain Frequency Domain Entropy 

RR FC SDD-RR RMSDD-RR %LF %HF LF/HF ApEn SampEn 

5 
Median 702 85.5 42.5 45.75 58.33 41.53 2.07 1 1.97 

± 86.48 11.83 10.9 11.32 15.88 15.8 2.08 0 0.18 

10 
Median 677 89 37.65 39.2 56.47 43.67 1.83 1 2 

± 85.03 11.74 7.38 7.89 13.21 12.56 1.7 0 0 

15 
Median 701.5 85.5 38.1 37.7 52.43 47.73 1.4 1 1.97 

± 95.16 14.59 9.37 19.67 12.35 12.5 0.89 0 0.18 

20 
Median 684 88 38.75 36.45 58.9 41.03 2.03 1 1.93 

± 82.79 11.65 12.28 13.21 15.73 15.71 1.77 0 0.25 

25 
Median 702 85.5 41.35 40.45 59.2 40.67 1.97 1 1.9 

± 93.96 13.5 11.44 13.04 16.68 16.53 1.4 0 0.31 

30 
Median 709 84.5 43.45 38.8 62.07 37.8 2.23 1 2 

± 102.17 14.57 10.84 13.31 13.72 13.68 1.65 0 0 

35 
Median 713.5 84 40.8 39.75 62.3 37.67 2.67 1 1.97 

± 92.59 13.14 10.69 11.42 16.36 16.39 2.94 0 0.18 

40 
Median 691.5 87 43.4 39.6 62.37 37.47 2.1 1.03 1.9 

± 88.55 12.29 12.54 12.95 13.59 13.44 1.45 0.18 0.31 

45 
Median 705 85 41.15 36 64.3 35.5 3.03 1 1.83 

± 76.43 10.16 13.13 12.77 12.9 12.81 3.15 0 0.38 

50 
Median 722.5 83 46.5 39.2 66.7 33.2 3.37 1 1.87 

± 83.16 10.98 14.15 16.07 15.08 15.08 3.85 0 0.35 

55 
Median 720.5 83 39.35 37.15 61.73 38.17 2.67 1 1.97 

± 88.14 11.73 12.52 15.89 17.22 17.2 2.9 0 0.18 

60 
Median 725.5 82.5 40.25 37.8 60.1 39.83 1.97 1 1.9 

± 92.93 12.5 12.53 15.23 15.8 15.73 1.22 0 0.31 
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the descriptive statistics of the raw data in the time series. 
In the Time Domain of the HRV, the analysis of the variance of RR Intervals, 

there was a significant difference in the general time series [F = 58.38 (11); p < 
0.05]. Friedman’s p-Adj revealed a difference between the 10/50 time segments 
[F = −3.883; p = 0.002], 10/55 [F = −3.467; p = 0.013], 10/60 [F = −4; p = 0.001], 
15/50 [F = −4.567; p < 0.01], 15/55 [F = −4.15; p = 0.001], 15/60 [F = −4.683; p < 
0.01], 20/50 [F = −3.633; p = 0.006], 20/55 [F = −3.217; p = 0.036] and 20/60 [F = 
−3.75; p = 0.004] (Figure 1(A-1)). In the same way, the HR parameter showed a 
significant difference in the time series [F = 57.845 (11); p < 0.05] and p-Adj re-
vealed difference between the 10/50 time segments [F = 3.6; p = 0.007], 10/55 [F 
= 3.383; p = 0.018], 10/60 [F = 3.393; p = 0.002], 15/50 [F = 4.4; p < 0.01], 15/60 
[F = 4.733; p < 0.01], 20/50 [F = 3.217; p = 0.036], 20/55 [F = 4.183; p < 0.01], 
20/60 [F = 3.55; p = 0.009] and 35/60 [F = 3.282; p = 0.028] (Figure 1(A-2)). In 
the SDD-RR parameter, a significant difference in the time series was verified [F = 
20.515 (11); p = 0.039], however, p-Adj showed no significant difference between 
the associated temporal segments (Figure 1(A-3)). In the RMSDD-RR parameter, 
significant variance was verified in the time series [F = 35.391 (11); p < 0.05] and 
with the p-Adj there was a significant difference between the 5/20 time segments 
[F = 3.617; p = 0.007], 5/30 [F = 3.733; p = 0.004], 5/35 [F = 4.8; p < 0.01], 5/45 [F 
= 3.567; p = 0.008]. There are 4 pairs of temporal segments (Figure 1(A-4)). 

Regarding the Frequency Domain of the VFC, the analysis of variance showed 
a significant difference in the time series for the %LF parameter [F = 30.668 (11); 
p = 0.001] and p-Adj revealed difference between the 10/50 time segments [F = 
−3.533; p = 0.01] and 15/50 [F = −4.367; p < 0.01] (Figure 1(B-5)). In the same 
way, a significant difference was found in the variance of the time series for 
the %HF parameter [F = 32.520 (11); p = 0.001] and p-Adj revealed difference 
between the 10/50 time segments [F = 3.7; p = 0.005] and 15/50 [F = 4.433; p < 
0.01] (Figure 2(B-5)). For the LF/HF Ratio parameter, significant variation was 
verified in the time series [F = 31.286 (11); p = 0.001] and p-Adj revealed a dif-
ference between 15/50 time segments [F = −3.317; p = 0.02] (Figure 1(B-6)). 

The non-linear results of the VFC (Entropy), the analysis of variance showed 
that there is no significant difference in the time series for the ApEn parameter 
[F = 11 (11); p = 0.443]. On the contrary, a significant difference was found in 
the variance of the time series for the SampEn parameter [F = 23.692 (11); p = 
0.014]. However, no significant difference was found between the time segments 
of the series using p-Adj (Figure 1(C-7)). 

Regarding the results of the Psychological data, 100% of the subjects had a 
score in the intelligence profile test, that is, they are defined by abstract thinking. 
As for tension, 3% have low voltage, 17% control the tension while 80% show 
high tension. Regarding Emotion, 17% of the subjects present a medium level in 
the Positive Affect score, while 83% show a high level in this emotion. Likewise, 
only 3% have a low level in Negative Affect, 47% a medium level and the re-
maining 50% a high level in Negative Affect. The Chronotype, it was found that  
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Figure 1. Variation in the time series of the parameters of the HRV. The horizontal line corresponds to the time series analyzed in 
segments of 5 minutes. *Significant variation p < 0.05. (→) indicates the starting address of the comparison between a time seg-
ment and others. (A) Time Domain: (1) RR Interval (R2 = 0.54; GM = 704.5). (2) HR (R2 = 0.52; GM = 85.2). (3) SDD-RR (R2 = 
0.1; GM = 41.1). (4) RMSDD-RR (R2 = 0.24; GM = 38.9). (B) Frequency Domain: (5) %LF and %HF [%LF (R2 = 0.31; GM = 
59.3), %HF (R2 = 0.35; GM = 38.9). (6) LF/HF Ratio (R2 = 0.36; GM = 2). (C) Non-linear measures (Entropy): (7) ApEn and Sa-
mEn: R2 and GM are not significant. 

https://doi.org/10.4236/ce.2019.1011172


U. E. R. de Avila, F. R. de França Campos 
 

 

DOI: 10.4236/ce.2019.1011172 2438 Creative Education 
 

17% have a Vespertinity condition, 70% have Intermediate chronotype features, 
7% have Morning chronotype characteristics and the other 7% Bimodality. 

Through Spearman’s bivariate correlation, six (6) significant correlations were 
identified (Figure 2). No significant correlations were found between the dif-
ferent behavioral variables and the variables of the subject Sex and Age. 

Verifying how SA is modulated by personality, emotion and the Chronotype, 
we have the following: In the Time Domain of the HRV, no significant differ-
ence was found in any time segment for any of the parameters when compared 
with the Psychological variables. In the Frequency Domain, a significant differ-
ence was found for Chronotype, at minute 40 for %HF [χ2 = 9.853(3); p = 0.020] 
and there was also a significant difference between the Evening and Morning 
groups, extracted from the Kruskal-Wallis test [H = −20.1 (DV = −2.73); p = 
0.038] (Figure 3(A2)). Similarly, a significant difference for Chronotype was 
found in the parameter LH/HF Ratio [χ2 = 8.509 (3); p = 0.037] (Figure 3(A) 
and Figure 3(B)), however the analysis of the intragroup variance showed no 
difference between the Chronotype categories. 

To Entropy, significant difference was found for Tension, Positive Affect and 
Chronotype at different minutes, as follows: Tension: Minute 40 [χ2 = 9.309 (2); 
p = 0.01], Minute 50 [χ2 = 7.041 (2); p = 0.03], Minute 60 [χ2 = 9.309 (2); p = 
0.01] (Figure 3(C1)). Positive Affect: Minute 5 [χ2 = 5 (1); p = 0.025], Minute 15 
[χ2 = 5 (1); p = 0.025], Minute 35 [χ2 = 5 (1); p = 0.025], Minute 55 [χ2 = 5 (1); p 
= 0.025] (Figure 3(C2)). Chronotype: Minute 15 [χ2 = 14 (3); p = 0.003], Minute 
20 [χ2 = 8.804 (3); p = 0.032], Minute 35 [χ2 = 14 (3); p = 0.003] and Minute 60 
[χ2 = 14 (3); p = 0.003] (Figure 3(C3)). No significant variance was found in any 
time segment for the ApEn and SampEn parameters of the HRV when compared 

 

 
Figure 2. Cash diagram and significant correlations of the psychological and chronotype variables. Rho: 
Spearman correlation. Abstractedness: min. value = 12, max. value = 21 (M = 16.5 ± 2.3). Tension: min. 
value = 3, max. value = 25 (M = 14.5 ± 5.4). Positive Affection: min. value = 21, max. value = 46 (M = 38.5 
± 7). Negative Affection: min. value = 14, max. value = 42 (M = 30.5 ± 6.5). Chronotype: min. value = 25, 
max. value = 80 (M = 56.5 ± 11). 
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Figure 3. Mutation of attention from the domain of frequency and entropy of the HRV. A. Distribution of 
the Chronotype score (horizontal line) and %HF of 40 minute time segment (vertical line). (A1) Dispersion 
of the Chronotype values with linear and median adjustment. (A2) Cash diagram of the Chronotype catego-
ries in relation to %HF in 40 minute time segment. *Significant difference of Kruskal-Wallis, p-Adj > 0.05 
between Evening and Morning. (B) Distribution of Chronotype score (horizontal line) versus LF/HF Ratio 
in time segment minute 40 (vertical line). (B1) Dispersion of Chronotype values with linear and median ad-
justment. (B2) Cash diagram of the Chronotype categories versus LF/HF Ratio in 40 minute time segment. 
(C) Analysis of the Kruskal-Wallis Variance for SampEn and Psychological variables. *Significant variation 
in the time series for Tension (C1), Positive Affect (C2) and Chronotype (C3). 

 
with categorical Psychological variables. 

4. Discussion 

In the present study, a progressive decrease of the HR calculated in 7.3% reduc-
tion (from the 10th minute to the 60th minute of the class) is verified, which cor-
roborated for Bligh in a year 200 (Bradbury, 2016) who describes that the HR 
constantly decreased by approximately 14% from the beginning to the end of the 
class, with a moderate increase towards the end of the class. The progressive de-
crease in HR indicates a predominance of PNS, which suggests that the subject 
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loses the alertness and neurocognitive excitability necessary to keep the SA in 
class. 

In the present study, the time measurements of the VFC, mainly the values 
offered by Intervalos RR and of the FC, are susceptible to be able to determine 
the significant differences between the time segments by non-parametric me-
thods. For example, significant differences were identified between three initial 
time segments (10, 15 and 20) and the last three time segments (50, 55 and 60). 
There was also a significant difference between half of the class and the final one, 
based on the RMSDD-RR parameter; which suggests that the individual differ-
ences of the subject may be modulating the HRV and therefore the SA in the 
students. 

The HRV frequency measurements (%LF, %HF and LF/HF Ratio) provide 
confirmatory data of the significant differences between initial and final time 
segments, that is, between the first 15 minutes of the class and the last 15 mi-
nutes. In addition, time segments 15 and 50 respectively, were more susceptible 
to identify significant variations. This demonstrates that the HRV systematically 
decreases throughout a class with classical methodology in a duration of 60 mi-
nutes, and that the students pay more attention in the first 15 minutes, as op-
posed to the conclusions of Johnstone and Percival in a year 1976 (Bunce et al., 
2010), which observed, subjectively, a decrease in attention in the first five mi-
nutes and another around 10 to 18 minutes. 

The data found in the present study suggest that the general characteristic of 
the students’ personality (Abstractedness and Tension), are configured through 
skills that are acquired through extended practice over time, as proposed by 
Matthews (2016). In turn, the reasoning was inversely correlated with Tension 
and Positive Affect, which means that as the rationale score increases, stress le-
vels and negative affect tend to be lower; that is: Abstractedness is a protective or 
modulating factor of emotions. This is further corroborated by the positive cor-
relation found between reasoning and Positive Affect. 

Positive Affect is positively associated with Abstractedness and inversely with 
Negative Affect and with Tension. This suggests that positive emotions have a 
preponderance as a protective factor of multiple social situations, in accordance 
with the evidence of Rico, Alzate and Sabucedo (2017) and with the proposal of 
Scott-Parker (2017) who propose that the emotions experienced as internal sub-
jective states, can be outsourced through behaviors in response to relatively sta-
ble personality characteristics (trait), less stable factors (status) or in response to 
context-specific activators (teacher/peer interaction). Current evidence suggests 
that emotional processing is intertwined with perception, cognition and perso-
nality (Pessoa, 2018). This was identified in the present study. 

No significant relationships were found between the Chronotype factor with 
the other psychological variables. Thus, the present data do not support the 
findings of Hasler et al. (2010) who reported that the chronotype is related to 
Positive Affect. 
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Evidence was found that Tension, Positive Affect and Chronotype modulate 
the SA in the first minutes, midway through and at the end of classes. What 
supports the results of studies that demonstrate the relationship between low at-
tention control and high negative emotion (Ortega et al., 2012), or between the 
interaction between negative affectivity and attention control (Lonigan & Vasey, 
2009), as well as the data that suggest emotion as an SA modulator (Cisler & 
Koster, 2010; Peers & Lawrence, 2009). 

Although some studies suggest that the frequency domains of the HRV 
(mainly of the HF band) modulates the association between anxiety and SA 
(Ramírez et al., 2015), no evidence was found in the present study. 

Another important result was to identify from the measures of the frequency 
of the HRV, from the domain of %HF, a significant difference between evening 
and morning in the 40th minute, supporting the studies by Roeser et al. (2012); 
what seems to be that the increase in physiological arousal in nocturnal types 
could contribute to a greater vulnerability to psychological disorders (Roeser et 
al., 2012). This study reveals that the morning show a greater activation of the 
SNS at the end of the class, which allows a physiological condition for the AS, 
compared to the evening, which in this time segment has a predominance of 
PNS. Thus, this study demonstrates that the measures of the frequency of the 
HRV reflect the SA and help identify how the Chronotype modulates it, as sug-
gested by Henelius et al. (2014) based on a search in all frequency bands of 
HRV. 

This study represents an important input for the methodological processes of 
teaching activity, by demonstrating that AS decreases over time, after the first 15 
minutes of pedagogical activity. And in addition to this, individual factors of the 
psychological structure of the students modulate the SA in the classroom. How-
ever, more studies are necessary to demonstrate whether various teaching me-
thods are involved or not in the SA during classes. Likewise, the notion that long 
classes should be discarded because students only have an attention period of 10 
to 15 minutes is an accelerated conclusion. What is suggested is to combine ex-
pository and dynamic methods to modify physiological alert activations in stu-
dents; or present relevant content to students in no more than 15 minutes. 

Similarly, you should inquire more about the influence of the Morning and 
Evening chronotypes on the HRV, and how they modulate the SA during dif-
ferent hours of classes in the day. And finally, the analysis of the Entropy of the 
HRV is a sensitive method to identify significant differences between the psy-
chological structure and the HRV; therefore, it is suggested to conduct more re-
search and deepen these methods of analysis to understand more psychobiolog-
ical associations in natural and experimental contexts. 
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