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INTRODUCTION 

 

Heart rate variability (HRV) is defined as a natura l 

phenomenon in which the timing between normal heart  beats 

varies. 1  As a heart beat is recorded electronically via 

electrocardiogram (ECG), there is a large spike sho wn on 

the graph when the ventricles contract: this is kno wn as 

the QRS wave complex.  The R-R interval is the dist ance 

between two consecutive spikes (the R wave is the h ighest 

point on the ventricular spike, hence the R-R inter val), 

and this distance is what is examined when HRV is 

calculated. 1,2   This measurement shows the regulation of 

heart rate by the autonomic nervous system. 1-3  The 

measurement and monitoring of that regulation has m any 

different clinical applications, including determin ing 

health status, recovery, stress, fitness, and can a lso be 

used as a guideline for exercise prescription. 2-7   It is 

because of those many applications that this techni que can 

be used in determining the exercise preparedness of  an 

individual, which in turn will allow for more effic ient 

training with improved results. 
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In determining preparedness, HRV measurements are 

typically compared to a baseline value, which can b e 

obtained by doing a 7-day average.  Once the baseli ne is 

obtained, the subjects will compare all new measure ments to 

that baseline number, which will determine their re adiness 

for exercise that day.  If a measurement is found t o be 

lower (more time between R intervals) than the aver age, the 

subject is physiologically less prepared for exerci se.  In 

contrast a subject whose measurement is higher (les s time 

between R intervals) than baseline is physiological ly well 

prepared for exercise.  Multiple studies used this method, 4-

7 and its benefits were shown in the significant res ults. 

Athletes can benefit considerably from research on 

HRV, which can be seen in the results of a study do ne by 

Kiviniemi et al., 4 where subjects performing a series of 

resistance training programs were found to have 

statistically significant increases in training loa d when 

HRV was used as a predictor compared to a control g roup and 

a predefined exercise group.  Studies in which spor t 

specific training groups were used (such as enduran ce 

athletes, including cycling, running, and ice hocke y), also 

showed significant increases in performance for ind ividuals 

who had a higher HRV measurements, and a subsequent ly poor 

performance when HRV was found to be low. 7,11-13   Using the 



3 
 

results from these studies, it shows us that HRV go es 

beyond heart function, but gives us an idea as to h ow an 

individual will perform based on their HRV measurem ent that 

day.  Research in this area can continue to build o n giving 

clinicians a guide for athletic performance and int ensity 

guides. 

The finger tap test (FTT) is a procedure that requi res 

the subject to tap on a designated spot as many tim es as 

possible within a ten-second time frame.  The tests  have 

been used and proven valid both individually 8,9  and as part 

of a holistic testing method. 10  The FTT is typically used to 

test for autonomic brain function, such as in cases  of 

brain trauma, brain diseases, and general neurocogn itive 

testing. 8-10   Additionally, the FTT was recently strongly 

associated with CNS fatigue by as study that correl ated 

subjects FTT scores and fatigue levels recorded pri or to 

the testing. 11  The use of this testing method for autonomic 

function of the central nervous system is the reaso n for 

correlating with HRV, a measurement of autonomic he art 

function; the two measure autoregulation of importa nt body 

functions. 

This study examined any possible correlations betwe en 

HRV testing and FTT testing, attempting to establis h an 

acceptable level between the two measurements.   
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While the aforementioned studies have employed an E CG 

with an associated software program to determine HR V, a 

secondary aim of the proposed study attempted to fi nd 

validity and reliability from novel technology: iTh lete TM.  

With this technology, one can use a halter strap he art rate 

monitor which communicates wirelessly with an inexp ensive 

application (app) on a tablet or smart phone.  This  will 

allow the individual to monitor their HRV measureme nts and 

adjust their training protocols and intensities wit hout the 

need for an expensive ECG machine. 

To clarify, the primary purpose of this study was t o 

correlate HRV measurements taken with an electrocar diogram 

to FTT scores.  A secondary purpose of this study w as to 

examine validity and reliability of the iThlete HRV  

software application.
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METHODS 

 

This section includes the following subsections:  

research design, subjects, instruments, procedures,  

hypotheses, and data analysis. 

 

Research Design 

 

This observational correlation research project 

explored the relationship between heart rate variab ility 

(HRV) as measured by Biopac® electrocardiogram (ECG ) and 

the iThlete™ software system and the finger tap tes t (FTT). 

Additionally, the validity and reliability of the i Thlete 

software system was examined in comparison with the  Biopac® 

ECG.  Subjects performed a finger tap test and had HRV 

measurements taken with both the iThlete HR monitor  and 

Biopac ECG during 2 data collection sessions. 1-3  

 

Limitations of the study include: 

• Inability to fully control the subjects’ choices 

outside the testing conditions, such as sleeping 
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habits, alcohol use, drug use, stress levels, and 

practices and games. 

• Inability to control for outside stress levels, and  

the subjects’ neuromuscular learning patterns of th e 

tap test conditions. 

• Inability to extrapolate beyond the college-aged 

student and/or student athlete  

 

Subjects 

 

The subjects used in this study were 17 California 

University of Pennsylvania student-athletes underta king 

strength and conditioning training with the Univers ity’s 

strength and conditioning specialists.  All subject s have 

completed a physical exam performed by California 

University of Pennsylvania team physicians and had been 

cleared for athletic activity. Furthermore, all sub jects 

have no cardiac or orthopedic issues that would hav e 

precluded them from strength and conditioning train ing. 

 

Inclusion criteria for this study included: 

• Current varsity athlete at California University of  

Pennsylvania 
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• Current participant in strength and conditioning 

programs at California University of Pennsylvania 

 

Exclusion criteria for this study included: 

• Any documented cardiovascular condition 

• Any person not yet medically cleared for sport 

participation 

 

Preliminary Research 

 

Initially, the Biopac, iThlete, and tap test 

procedures were tested on three volunteer athletic training 

graduate students prior to the start of the study.  This 

was completed to ensure that testing procedures cou ld be 

easily followed, established timing for the session s, and 

familiarized the researcher with the equipment. 

 

Instruments 

 

Multiple instruments were used with this project 

including a Biopac ECG monitor and Acq Knowledge software 

run on a standard Windows run computer, iThlete and  

software run on an Apple iPad, and a finger tap tes t with 

questionnaire. Details for each instrument follows.   
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Biopac  

An electrocardiogram (ECG) and amplifier from Biopa c 

(BIOPAC Systems, Inc.; California, USA) had been us ed to 

assess heart rate variability. General purpose pre- gelled 

ECG electrodes (BIOPAC Systems, Inc.; California, U SA) were 

connected via cable leads (BIOPAC Systems, Inc.; 

California, USA) from the subject to the ECG amplif ier.  

The testing requires a 3-lead system, where the ele ctrode 

placement would be medial to the anterior axillary fold of 

the left arm and right arms and just below the ster num.  

The ECG signal are sent to the computer, which is 

interfaced with Acq Knowledge (BIOPAC Systems, Inc.; 

California, USA) software for Windows to analyze th e raw 

ECG R-R interval data for the HRV measurement in 

milliseconds. 1-3   This data was then recorded on the 

subjects data collection sheet for future compariso n to the 

iThlete and FTT results. 

 

iThlete  

The iThlete (HRV Fit Ltd.; UK) software was downloa ded 

to an iPad (Apple; California, USA).  The iThlete 

communicates with a halter heart rate monitor (Card iosport, 

UK) which was secured around the patient’s chest ju st below 
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the xyphoid process (the notch just below the breas t bone, 

where the ribs converge).  The heart rate monitor s ends 

telemetric information to the receiver (HRV Fit Ltd ., UK), 

which plugs into the headphone jack of the iPad.  O nce the 

heart rate signal had been received, HRV was interp reted by 

the open iThlete application on the iPad.  The meas urement 

was given as a numerical value, which was recorded on the 

subjects individual data collection sheet for futur e 

comparison between the Biopac and FTT results. 

 

Finger Tap Test  

The finger tap test (FTT) is a procedure that invol ves 

the subject tapping with the index finger on their dominant 

hand as many times as possible within a ten-second time 

frame, and scored as a single numerical value.  In addition 

to the tap measurement, three questions (Appendix C 3) were 

asked to obtain sleep quality (0-10, 0 being worst and 10 

being best), mental stress level (0-10, 0 being wor st and 

10 being best), and how well they ate previous to t esting 

(0-10, 0 being worst and 10 being best).  This data  was 

recorded on the subjects individual data collection  sheet 

for future comparison between the Biopac and iThlet e 

measurements. 
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Procedure 

 

Subjects were recruited openly by the primary 

researcher after introduction by the strength and 

conditioning staff at California University of Penn sylvania 

during strength and conditioning sessions at the Ha mer Hall 

strength and conditioning facility. All volunteers were 

participating in strength and conditioning exercise  with 

the Cal U strength coaches. Volunteers were asked t o 

participate after explanation of the project and qu estion 

and answer time.  An Informed Consent Form (Appendi x C1) 

was obtained from each subject prior to participati on in 

the study.  The study was approved by the Instituti onal 

Review Board (Appendix C2) at California University  of 

Pennsylvania.  Each participant’s identity remained  

confidential on the data collection sheets and did not 

included identifying information during the study. 

As the subjects arrived at the athletic training 

facility inside Hamer Hall, they answered three que stions 

pertaining to sleep quality, diet quality of the pr evious 

day, and level of mental stress, which was located on the 

individual’s data collection sheet (Appendix C3).  Subjects 

were then asked to sit in a dark, quite room for te n 
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minutes to rest with no physical stresses in order to 

record HRV in a resting state. 

Following ten minutes of rest, the subject was then  

connected to the Biopac ECG and iThlete HR monitor strap.  

Simultaneous measurements for HRV were performed wi th each 

device and recorded for each subject and each devic e.  Each 

subject performed the FTT, with the results recorde d and 

logged, which concluded the session for that day. 

To test reliability of the iThlete software, the 

procedure was repeated a second time under identica l 

conditions one week apart.  For example, if the ori ginal 

testing took place on a Monday morning, the subject s was 

asked back on the following Monday at the same time , to the 

same facility.  The procedure was followed precisel y, and 

all steps were repeated to maintain reliable testin g 

conditions.  

Demographic information for each subject was obtain ed 

during the first session and recorded on the indivi duals 

data collection sheet (Appendix C3).  All test resu lts 

(FTT, ECG HRV, iThlete HRV) were also recorded on t hat 

individual’s anonymous data collection sheet (Appen dix C3).  

HRV and FTT results were recorded as a numerical va lue. 
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Hypotheses 

 

The following hypotheses are based on previous 

research and the researcher’s intuition: 

1.  There will be a strong, positive correlation betwee n 

the finger tap test and HRV measurements (Biopac an d 

iThlete). 

2.  HRV measurements from the iThlete device will be 

found to have acceptable reliability using Pearson 

Correlation. 

3.  The iThlete device will be found to correlate with 

measures from the Biopac device. 

 

Data Analysis 

 

All data were analyzed by SPSS (version 18.0) for 

Windows at an alpha level of 0.05.  The research hy pothesis 

was analyzed using a Pearson product correlation be tween 

FTT results and HRV measurements from both the Biop ac and 

iThlete devices.  Two additional Pearson product 

correlations were run: one for validity, comparing the 

scores to the already valid Biopac; and one for 
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reliability, comparing the scores of the iThlete te sting 

sessions. 
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RESULTS 

 

The purpose of this study was to determine if HRV 

measurements were correlated with the FTT to determ ine if 

an individual’s FTT scores would predict preparedne ss for 

exercise. A second and third purpose of this resear ch was 

to test the reliability and validity of the iThlete  

software, respectively.  The following section cont ains the 

data collected and is divided into three subsection s: 

Demographic Information, Hypotheses Testing, and Ad ditional 

Findings.  

 

Demographic Information 

 

 Eighteen healthy women and three healthy men who w ere 

current student-athletes enrolled in California Uni versity 

of Pennsylvania volunteered for this study. One fem ale 

subject was excluded from the study due to technica l 

difficulties during the first day of testing and a second 

female subject was excluded from Hypothesis #3 test ing due 

to incomplete data.  The remaining subjects (n = 17 , 
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Hypothesis #1 and #3 testing; n = 16, Hypothesis #2  

testing) were asked their height in centimeters, we ight in 

kilograms, and age in years (Table 1). 

   

Table 1. Subject demographic information. 

Variable Minimum Maximum Mean Std. Deviation 
Age (yrs)  18 21 19.78  .80 

 
Height 
(cm)  

158.5  190.5  171.5  2.63  

Weight 
(kg)  

56 100 74.7  10.82  

 

 

Hypothesis Testing 

 

 It was hypothesized that the HRV measurements and the 

FTT scores would correlate, both for the Biopac dev ice and 

the iThlete software. 

A Pearson correlation coefficient was calculated fo r 

the relationship between the subjects’ Biopac HRV 

measurement and the FTT results.  No significant 

correlation was found.  This research suggests that  HRV 

measurements from the Biopac device are not related  to an 

individual’s FTT results. 

 A Pearson correlation coefficient was calculated f or 

the relationship between the subjects’ iThlete scor e and 
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the Biopac HRV measurement.  A significant moderate  

positive correlation was found, this research sugge sts that 

the Biopac HRV measurements may predict iThlete HRV  scores 

approximately 50% of the time. The results of the 

aforementioned correlation tests are found in Table  2. 

 
Table 2. Pearson Product Correlation: Biopac, iThlete, and  
FTT. 
 Biopac iThlete FTT 

Biopac   Pearson Correlation 
         Sig. (two-tailed) 
         N 

     1 
 
    34 

  .339* 
  .050 
    34 

 -.105 
  .554 
    34 

iThlete  Pearson Correlation 
         Sig. (two-tailed) 
         N 

  .339* 
  .050 
    34 

     1 
 
    34 

  .209 
  .236 
    34 

FTT      Pearson Correlation 
         Sig. (two-tailed) 
         N 

 -.105 
  .554 
    34 

  .209 
  .236 
    34 

     1 
 
    34 

 

It was also hypothesized that iThlete would be foun d 

reliable between two different testing sessions by use of a 

Pearson correlation.  When comparing the first and second 

testing sessions, no significant correlation was fo und.  

The results of the aforementioned hypothesis testin g can be 

found in Table 3. 
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Table 3.  Correlation: iThlete testing sessions 1 and 2. 

  iThlete 1 iThlete 2 

iThlete 1 Pearson Correlation 
Sig. (2-tailed) 
N 

     1 
 
    16 

  .365 
  .164 
    16 

iThlete 2 Pearson Correlation 
Sig. (2-tailed) 
N 

  .365 
  .164 
    16 

     1 
 
    16 

 

 

Additional Findings 

  

 Additional Pearson correlation coefficients were 

calculated for three questionnaire questions (sleep  level, 

diet quality, and stress level) against the Biopac,  

iThlete, and tap test results.  No significant corr elations 

were found.  The results for the aforementioned 

correlations can be found in Table 4. 

 

Table 4.  Correlation: questions and measurements. 
 Biopac iThlete FTT 

Sleep   Pearson Correlation 
        Sig. (two-tailed) 
        N 

  .035 
  .845 
    34 

  .297 
  .089 
    34 

  .076 
  .670 
    34 

Diet    Pearson Correlation 
        Sig. (two-tailed) 
        N 

 -.055 
  .235 
    34 

  .235 
  .182 
    34 

 -.099 
  .577 
    34 

Stress  Pearson Correlation 
        Sig. (two-tailed) 
        N 

 -.247 
  .159 
    34 

 -.053 
  .764 
    34 

  .088 
  .619 
    34 

 

This may suggest that the subjects’ sleep, diet, an d stress 

levels cannot predict the HRV measurements and FTT results.
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DISCUSSION 

 

Discussion of Results 

 

This study examined the relationship between heart 

rate variability (HRV) and the finger tap test (FTT ).  The 

scores of the FTT were compared to the HRV measurem ents of 

both the iThlete and Biopac devices to determine th e 

ability to use the FTT in the clinic with confidenc e that 

it is a useful measurement tool for exercise prepar edness.  

Additionally, reliability of a new HRV device and s oftware, 

iThlete, was examined and compared to the already v alid 

Biopac device. 

When correlating the FTT with the Biopac and iThlet e 

HRV measurements, no significant results were found .  The 

FTT has been shown in the literature as being a val id tool 

for CNS function 12-14 yet is not related to either HRV 

measurements.  This suggests the FTT score should n ot be 

used interchangeably to determine one’s readiness f or 

exercise. 

This study compared HRV using two different devices : 

the Biopac ECG system and the iThlete software.  Wh en the 
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two were analyzed statistically using a correlation  

coefficient, there was a significant moderate posit ive 

correlation between the two measurements.  This may  suggest 

the validity of the iThlete device compared to a pr oven 

valid measure of HRV in the Biopac ECG device. 15-17   While 

additional research is warranted, this suggests tha t the 

iThlete may be used in place of the Biopac ECG and the 

scores can be used to determine exercise prescripti on.  

This type of result can also be seen in the recent 

validation of Polar heart rate monitors used to mea sure 

HRV.  The initial validity was based on weak-modera te 

correlations, but through additional studies and 

compilation of data, strong correlations results ca me in 

favor of the Polar monitors. 18-20  

The measure of HRV is not a consistently similar sc ore 

each time, but rather a dynamic score, fluctuating based on 

a person’s level of fatigue, recovery, or nervous s ystem 

efficiency. 21-23   It is this fluctuating relationship with 

the CNS that shows the inverse relationship between  the 

parasympathetic (PNS) and sympathetic (SNS) nervous  

systems.  As the SNS becomes more active in exercis e, the 

PNS conversely becomes less active, and vice versa,  HRV can 

be used to show this relationship and thus reflect upon the 

autonomic functions of the body. 23  With that information, 
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HRV looks specifically at the ratio between the two  systems 

to determine if the individual is well prepared for  

exercise. 21-23  

This sparked other studies to look at HRV as an 

exercise predictor, both in exercise conditions and  sport 

conditions. 4-5,9   The results of these studies showed that 

when HRV was found to be low prior to sport, that 

individual did not perform as well when compared to  a day 

where HRV was high. 9  The researchers looked at ice hockey 

athletes, and measured their HRV daily and then coa ches 

subjectively determined their athletic performance for that 

session.  The results were then correlated, and sig nificant 

findings showed when individuals had increased HRV prior to 

a session, they were evaluated higher by the coache s.   This 

lead to the early conclusion that high HRV scores l ead to 

increased performance. 9 

This early research is what drove the current study  to 

look at other ways to determine exercise readiness,  such as 

two different studies done by Kiviniemi et al. 4,5   The 

authors performed two separate studies looking at H RV as a 

predictor of exercise intensities.  Following the 

conclusion of the exercise protocols, all training groups 

were shown to have significant increases in trainin g loads 
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compared to control groups 4,5  and groups without HRV 

regulated exercise. 4 

With a finding of moderate validity, or relationshi p 

between Biopac and iThlete, a more economical, read ily 

available device may be used in order to determine ones 

daily HRV score, as opposed to the gold standard 

electrocardiogram.  Caution should be taken, howeve r, as 

iThlete has only been shown to be accurate approxim ately 

50% of the time.  Given iThlete’s simple, user-frie ndly 

interface and wireless monitor, there is no confusi on due 

to a complex network of wires or extra steps for an alysis 

on expensive equipment, such as with the Biopac.  T he 

Biopac required accurate placement of adhesive elec trode 

pads which had wires attached, leading to the ECG d evice 

and then to the computer, and then additional softw are 

knowledge to select the correct test to be run, set  the 

test parameters, and then get the measurement outpu t.  A 

person can purchase the iThlete sensor and receiver  online, 

the iThlete app through your mobile device (which m easures, 

calculates, analyzes, and stores your HRV measureme nt 

automatically), and spend less than $100. 

 When looking at the use of mobile analysis of HRV,  the 

literature shows us that there are multiple options  

available as of late.  Two different Polar devices (RS800 
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and S810/I models) 18-20  and Suunto device (t6 model) 20 have 

recently been validated and determined reliable and  

interchangeable methods of measuring HRV compared t o a 

computer-based ECG device, however, the cost of the se 

devices can be upwards of $350.  With the demand fo r 

physiologic and HR guided exercise training continu ing to 

grow among the athletic population, the iThlete dev ice 

should be able to compete with these units with its  self-

contained analysis and cost effective hardware. 

 

Conclusions 

 

Collegiate student-athletes at the NCAA Division II  

level were used in this study.  It should be noted that the 

results cannot be generalized to other populations,  and 

further research is needed in order to obtain enoug h 

results for a greater generalization. 

There were results suggesting a new method, in the 

form of iThlete, had moderate validity, but additio nal 

research is suggested to add to these findings.  Ha ving no 

significant correlation of the FTT to both Biopac a nd 

iThlete HRV also implies that there is no relations hip 

between the FTT and HRV measurements on any device.  
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Recommendations 

 

Future studies should focus their efforts on using a 

full, 12-lead ECG reading for HRV in order to obtai n the 

most accurate measurements, but might also consider  

comparing the iThlete device to other recently vali dated 

mobile HR devices such as the Polar S810. 

Future research should attempt to employ a greater 

number and diversity of subjects for generalization  to a 

larger population. 

The final suggestion for future researchers would b e 

to use a computerized FTT battery, rather than rely ing on 

manual.  There are protocols available that require  

specific positioning of other fingers to inhibit gr oss 

movement in order to rely on the target finger.  In  

addition to a true FTT measure, it will provide a 

standardized scoring measurement that will be used across 

the entire sample grouping, improving accuracy, 

reliability, and feasibility for the researchers.  
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REVIEW OF LITERATURE 

 

This literature review will help determine the gaps  in 

the current literature for the uses of heart rate 

variability (HRV) and the finger tap test (FTT).  T he 

review will look at different methods for measuring  HRV, 

including different validated mobile-based devices,  and its 

clinical applications.  It will also look at the us es of 

the FTT and its clinical applications and possible 

crossover to sport and exercise. 

 

Heart Rate Variability 

 

Overview  

 Heart rate variability (HRV) is defined as a natur al 

phenomenon in which the timing between normal heart  beats 

varies. 1  As a heart beat is recorded electronically via 

electrocardiogram (ECG), there is a large spike sho wn on 

the graph when the ventricles contract: this is kno wn as 

the QRS wave complex.  The R-R interval is the dist ance 

between two consecutive spikes (the R wave is the h ighest 

point on the ventricular spike, hence the R-R inter val), 



30 
 

and this distance is what is examined when HRV is 

calculated. 1,2   This measurement shows the regulation of 

heart rate by the autonomic nervous system. 1-3    

Segerstrom and Nes 4 looked to determine heart rate 

variability’s relationship to one’s ability to self -

regulate, or to control emotions, thoughts, and imp ulses.  

They recruited 168 college-aged subjects to partici pate in 

study.  Segerstrom and Nes examined food impulse an d eating 

behavior.  Subjects’ feelings towards different typ es of 

food, whether or not they truly wanted to eat it, o r if the 

impulse was caused by the fact the food was in fron t of 

them were among the variables examined.  The result s showed 

a higher change in HRV with those who ate carrots o ver 

cookies, as well as increased effort from those who  ate 

carrots.  They concluded that HRV and self-regulati on were 

related, but more research is needed both in the la b and in 

the field. 4 

   

Mobile devices  

 As HRV-guided exercise increases in popularity, th e 

amount of devices available will continue to increa se.  The 

devices range from wrist-worn watch devices of Pola r TM and 

Suunto TM to the mobile device-based applications of 

iThlete TM. 
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 Weippert et al. 5 looked at two different mobile devices 

compared to an ECG unit for measuring HRV.  The aut hors 

looked at the Polar S810i and Suunto t6 units, whic h use a 

chest strap heart rate monitor to collect the heart  rhythm 

and are then sent to a wrist unit.  The ECG used wa s an 

ambulatory, 5-lead design.  Intra-class correlation  

coefficients were obtained for the three comparison s at a 

95% confidence interval (Suunto vs. Polar [.999]; P olar vs. 

ECG [.996]; Suunto vs. ECG [.998]). 5  With the results, it 

can be said that the three units can be interchange d for 

HRV testing.  The authors noted that it is not reco mmended 

to use different devices for intra-individual studi es in 

order to maintain testing reliability. 5 

 The Polar S810 was also looked at in a study done by 

Grossi Porto and Junqueira, 6 where they used the wrist worn 

Polar S810 and compared it to a conventional ECG se t up.  

33 individuals (15 men, 18 women; ages 18-42) were 

recruited for this study.  The Polar S810 was compa red to a 

12-lead ECG.  Using the Bland-Altman method and plo t, the 

authors determined significant level of agreement b etween 

the two measurements.  They further concluded that the use 

of the Polar S810 could be used for short-term meas urement 

of HRV, but any measurement longer than 10-minutes would 

have to be examined further. 6 



32 
 

 In a study done by Wallen et al., 7 the polar RS800 was 

examined in comparison to a traditional ECG unit.  There 

was a total of 341 participants (139 men, mean age 52; 202 

women, mean age 53). 7  The authors took simultaneous 

measurements of both the ECG and the Polar devices,  of 

which were stored on a computer for analysis.  Intr a-class 

correlation coefficients at 95% confidence were fou nd for 

each age group, each gender, and all data total.  I t was 

found that all age groups and genders had an averag e ICC of 

.930, with men averaging .968 and women averaging . 898.  

All gender and age combinations were found signific ant with 

the exception of women over the age of 60 (there we re no 

known reasons for this at the time of study).  The data 

suggest the use of this new device on all populatio ns with 

the exception of women over 60 years old. 7 

 In a study done by Cassirame et al. 8 set out to examine 

the accuracy of the Minicardio system for assessing  resting 

heart rate and HRV compared to a standard ECG recor ding.  

On 15 young participants, it was found that the hea rt rate 

was accurate with no artifacts between the two devi ces.  

Pearson coefficients were found to be 1.0 and .99 f or both 

mean R-R interval and RMSSD, respectively. 8  They concluded 

that the use of Minicardio systems was to be encour aged and 

a portable recorder of heart rate and HRV. 



33 
 

Clinical applications  

 HRV has been examined in recent literature for its  

uses in sport exercise and performance, but additio nally in 

its ability to predict fitness, sleep, and even gui de neck-

shoulder pain treatment. 

 Kiviniemi et al. 9 examined the use of HRV as a daily 

exercise prescription tool.  In a study done in 200 7, the 

authors recruited twenty-six males to participate i n this 

study (8 in predefined training group, 9 in HRV det ermined 

group, and 9 in control group).  The HRV group did either 

high intensity (high HRV) or low intensity/rest (lo w 

HRV/low HRV for consecutive days), while the predet ermined 

group did a set intensity, and the control group 

participated in no exercise.  Results showed the HR V group 

having a significant increase in both training load  and 

oxygen consumption (VO2max), with no significant ch anged in 

VO2max, but a significant increase in training load .  There 

were no changes reported in the control group. 9 

 Kiviniemi 10 put together another study in 2010, where 

he and the co-authors used both men and women, and followed 

similar methods as their previous study from 2007.  This 

study contained 4 groups, however; control, predete rmined 

intensity, and then two HRV groups: HRV determined and HRV 

high intensity only.  They came to the same conclus ion as 
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their previous study, where there were significant training 

load increases in the HRV determined group compared  to all 

other groups.  They also determined that women gain ed a 

significant fitness improvement at a lower training  load. 10 

Cipryan et al. 11 looked at the use of HRV in 

conjunction of coaches’ performance evaluations to 

determine the usefulness of HRV in performance of h ockey 

players in 2007.  The subjects filled out a questio nnaire 

prior to weekly HRV measurements inquiring about th e 

previously training load, sleep duration and qualit y, and 

the athlete’s perceived level of health.  The coach es would 

then evaluate each player on a scale of 1-10 (10 be ing the 

best).  The results showed that players with the hi ghest 

HRV ratings were also the ones who had the most con sistent 

ratings from their coaches.  Also, the players with  the 

lowest HRV scores showed to correspond with the low est 

evaluations from the coaches, which is just as 

significant. 11 

Researchers grouped ice hockey players together, an d 

monitored their HRV and skills in a study done in 2 010 by 

Cipryan and Stejskal. 12  They set out to determine if 

grouping similarly monitored HRV individuals togeth er would 

increase training effectiveness, reduce injury, and  prevent 

overtraining.  Upon the results, they showed that t he 
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individuals with the same ANS activity benefited mo re from 

training, and suggest that team based on ANS monito ring and 

similar ANS reports would be beneficial. 12 

Sloan et al. 13 used exercise as an attempt to change 

the cardiac autonomic regulation variables in seden tary 

young adults.  The authors had a total of 149 subje cts 

using either aerobic or strength training in attemp ts to 

influence aerobic capacity, heart rate, and HRV.  F ollowing 

12 weeks of protocol, they saw a significant change  in the 

aerobic group only, including an increase in both a erobic 

capacity and HRV, and a decrease in heart rate.  It  was 

also interesting to note that the changes were only  seen in 

men, and all levels returned to pre-testing levels 

following a 4-week deconditioning session. 13 

Military training was examined in this study by 

Jouanin et al., 14 with emphasis put on HRV and recovery, 

fatigue, and performance, and blood tests were done  to 

examine hormone levels.  The subjects were put thro ugh a 

15-week Ranger training camp, where they were expec ted to 

perform anaerobic, aerobic, and stressful tasks wit h 

compounded fatigue, meaning recovery was never poss ible.  

HRV increased significantly following the tests, su ggesting 

that increased fatigue brings a subsequent increase  in 
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parasympathetic activity rather than a decrease in 

sympathetic activity. 14 

 Hallman et al. 15 sought out to use HRV as a biofeedback 

guide to treat stress related chronic neck/shoulder  pain in 

twenty-four otherwise healthy subjects.  The resear chers 

grouped 12 participants in both a control group and  an HRV 

biofeedback group for 10 weekly sessions.  The biof eedback 

group showed an increased perception of health comp ared to 

the control group following the 10 sessions, sugges ting HRV 

as an effective biofeedback marker. 15 

 

Finger Tap Test 

 

 The Finger tap Test (FTT) is a testing procedure i n 

which a subject uses their dominant hand index fing er to 

tap rapidly on a device for a set amount of time, t ypically 

10 seconds.  This procedure has many different uses  and 

clinical applications, which will be examined furth er in 

the review of literature below. 

 

Overview  

 In the book A Compendium of Neuropsychological Tes ts: 

Administration, Norms, and Commentary , Strauss goes on to 

describe the uses and functions of the FTT. 16  In addition 
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to the FTT being effected by brain trauma, dementia , or 

motor dysfunctions of cerebellar or cerebral origin s, the 

FTT results can be effected by chronic pain, attent ion, 

fatigue, or impaired ability to focus. 16  The author also 

goes on to explain further that not only should fin ger 

tapping speed be examined, but the tapping pattern as well.  

It is mentioned that individuals with traumatic bra in 

injuries most commonly have an abnormal pattern rat her than 

a decreased tapping speed, depending on the severit y of the 

injury. 16 

 

Clinical Applications  

In both a 1997 qualitative and quantitative study d one 

by Prigatano and Hoffmann, 17 30 patients were used with the 

use of the FTT to analyze brain dysfunction.  Fifte en brain 

dysfunction patients and 15 normal controls were pu t 

through the protocol of the Halstead Finger Tapping  Test.  

Upon conclusion, the authors determined that the br ain 

dysfunction subjects had not only a slower tapping rate, 

but an abnormal pattern compared to the normal cont rol 

subjects. 17 

Prigatano, Johnson, and Gale 18 went on to examine the 

effects of the Halstead Finger Tapping Test in indi viduals 

with traumatic brain injuries.  In this study done in 2004, 



38 
 

the authors used subjects with an average of 18.5 y ears 

post-trauma, and noted that all subjects had normal  or 

near-normal tapping times. 18  Subjects were asked to perform 

the FTT while undergoing a functional magnetic reso nance 

image (fMRI).  Following the imaging, it was seen t hat 

healthy controls showed a greater brain activation.   The 

authors concluded that different level of brain act ivation 

can be seen in individuals suffering from traumatic  brain 

injury even when performance is within normal limit s. 18 

 Gualtieri and Johnson 19 performed a validation study of 

a computerized testing battery called CNS Vital Sig ns 

(CNSVS), which is used to measure neurocognitive cl inical 

screenings.  The test is a combination of 7 other s ubtests: 

verbal and visual memory, finger tapping, symbol di git 

coding, the Stroop Test, a test of shifting attenti on, and 

the continuous performance test.  The testing was f ound to 

be highly reliable between test-retest procedures, and 

additionally was found to be valid compared to the results 

of other testing batteries such as TOVA (Tests of V ariables 

of Attention).  Furthermore, they concluded that 

computerized testing methods showed a more consiste nt 

correlation coefficient, and have been shown to be more 

reliable with traumatic brain injuries, dementia, a nd 

ADHD.19 
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 In an article by Emeljonavas, Poderys, and 

Venskaityte, 20 70 boys between the ages of eleven and 

fourteen were examined for the effect of variable t raining 

on the dynamics of muscular, cardiovascular, and ce ntral 

nervous system (CNS).  They used the FTT in order t o 

determine the CNS involvement.  They study conclude d that 

boys ages 13-14 years had significantly increased C NS 

indices compares to the boys ages 11-12 years. 20 

 In a study done by Haglund 21 out of the National Sports 

Center in St. Paul, MN, fourteen Division III colle giate 

athletes were asked to perform the FTT daily.  In a ddition, 

they logged their perceived fatigue level and the 

difficulty of the previous day’s workout.  Upon com pletion 

of the analysis, the researcher found that CNS fati gue can 

be measured using the FTT and additionally, CNS fat igue may 

be affected by workout difficulty. 21 

 

Conclusion 

 

 In conclusion, the literature examined many differ ent 

applications for both HRV measurements FTT results.   In two 

studies done by Kiviniemi 9,10 , both the importance and 

significance of HRV testing and exercise adaptation  were 

outlined for clinicians dealing with athletes.  In both 
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studies, HRV guided exercise intensity groups were shown to 

have statistically significant higher training load s 

compared to all other groups, including HR high int ensity 

only group, control group, and non-HRV exercise gro up.  

Cipryan and Stejskal 12 also examined HRV with performance, 

but rather that using exercise, the authors paired the 

measurement with sport performance.  The results we nt to 

suggest that athletes with higher HRV measurements had 

higher performance ratings and athletes that had lo w HRV 

measurements subsequently had lower performance rat ings..  

Using the HRV guided method, athletes can train mor e 

efficiently and gain better training outcomes, both  in 

sport and exercise. 

As the FTT was examined in literature, it was 

conclusive that the test was reliable and valid for  

measuring CNS efficiency and fatigue. 20,21   With heart rate 

and HRV being autonomic functions; 1-3  this is significant 

that it may also be related to exercise preparednes s.  The 

study done by Haglund 21 showed that FTT was strongly 

correlated with CNS fatigue and exercise intensity.   This 

could be an important tool for clinicians to use at  the 

conclusion of exercise to determine its difficulty.
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STATEMENT OF THE PROBLEM 

 

 Literature has extensively covered the topic of he art 

rate variability in terms of exercise response, pre diction, 

and determination over a variety of subjects, inclu ding 

college-aged adults, sport teams, and even Army for ces in 

order to uncover significance of heart rate variabi lity in 

terms of training.  One area that has been overlook ed, 

however, is the use of heart rate variability to de termine 

the readiness of an individual for training or exer cise.  

The research being proposed will help to unveil add itional 

findings that can help clarify the effectiveness. 

 

Definition of Terms  

 The following definitions of terms will be defined  for 

this study: 

1)  Heart rate variability – the body’s natural phenome non 

resulting in a fluctuation of timing between heart 

beats 

2) Finger tap test – a testing battery that examines t he 

efficiency of the autonomic nervous system by 
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measuring the number of taps in a 10-second time fr ame 

from the patient’s dominant index finer  

 

Basic Assumptions  

 The following are basic assumptions of this study:  

1) The information collected from the subjects will  be 

able to be generalized to similar athletes. 

2) The subjects will be honest when they complete t heir 

demographic sheets. 

3) The equipment being used is appropriate and vali d for 

measuring heart rate variability 

4) The equipment was working properly and calibrate d 

correctly. 

 

Limitations of the Study  

 The following are possible limitations of the stud y: 

1) The subjects may not show consistency in their 

preparedness questionnaire. 

2) The training sessions being performed may not be  

sufficient to test the hypothesis. 

 

Delimitations of the Study  

 The following are possible delimitations of the st udy: 
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1) The subjects were collegiate athletes from Calif ornia 

University of Pennsylvania. 

2) The subjects were that of a convenience sample. 

 

Significance of the Study  

 This study will provide data to allow a clinician the 

ability to prescribe exercise based on the physiolo gical 

status of the patient.  This, in turn, will provide  a 

better training experience for the patient, as well  as 

provide a potential for increased performance and l arger 

training gains. 

 Not only will patients be immediately benefited fr om 

this research, but new technology could become avai lable 

that is more economical and widely available to the  general 

public.  This will allow patients to obtain their o wn 

readings and direct their own training without the need for 

a professional to guide them. 

 With the results of this study, athletes will be a ble 

to train more efficiently.  Doors will also be open ed for 

potential further application of heart rate variabi lity and 

performance, program prescription, and exercise res ponse.
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Institutional Review Board  
California University of Pennsylvania  

Morgan Hall, Room 310  
250 University Avenue  
California, PA 15419  

instreviewboard@calu.edu 
Robert Skwarecki, Ph.D., CCC-SLP,Chair  

  
  
  
Dear Mr. Jonsson:   
  
Please consider this email as official notification  that your proposal titled 
"A correlation between heart rate variability and t ap test for determining 
exercise preparedness” (Proposal #12-062) has been approved by the 
California University of Pennsylvania Institutional  Review Board as 
submitted.  
  
The effective date of the approval is 3-29-2013 and  the expiration date is 3-
28-2014. These dates must appear on the consent for m . 
Please note that Federal Policy requires that you n otify the IRB promptly 
regarding any of the following:  

(1)  Any additions or changes in procedures you might wi sh for your study 
(additions or changes must be approved by the IRB b efore they are 
implemented)  

(2)  Any events that affect the safety or well-being of subjects  
(3)  Any modifications of your study or other responses that are necessitated 

by any events reported  in (2).  
(4)  To continue your research beyond the approval expir ation date of 3-28-

2014 you must file additional information to be con sidered for continuing 
review. Please contact instreviewboard@calu.edu 

  
Please notify the Board when data collection is com plete.  
Regards,  
Robert Skwarecki, Ph.D., CCC-SLP  
Chair, Institutional Review Board  
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Individual Data Collection Sheet 
 
 

 
Subject #: _____________  Year school: ____________    
 
Gender: ________________   Height: ________________ _ 
 
Age: ___________________  Weight: _________________  
 
 
 

Subject: Session 1 Session 2 

Sleep quality?   

Diet quality?   

Stress level?   

Biopac HRV   

Ithlete HRV   

Tap test   
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ABSTRACT 
 

TITLE: A Correlation Between Heart Rate Variability  
and Tap Test for Determining Exercise 
Preparedness 

 
RESEARCHER: Brendon M. Jonsson 
 
ADVISOR: Dr. Shelly DiCesaro 
 
RESEARCH TYPE: Masters Thesis 
 
PURPOSE: The purpose of this study is to correlate 

HRV measurements taken with an 
electrocardiogram to FTT scores.  A 
secondary purpose of this study is to 
examine validity and reliability of the 
iThlete HRV software application through 
additional correlations. 

 
METHOD: An observational correlation research 

project explored the relationship between 
heart rate variability and finger tap test.  
Subjects were 17 student-athletes from 
California University of Pennsylvania.  All 
subjects participated in two testing 
sessions obtaining HRV (Biopac and iThlete) 
and FTT results, in addition to sleep, diet, 
and stress levels at time of measurement. 

 
FINDINGS: Pearson correlation coefficients showed 

significant relationships for Biopac vs. 
iThlete ( r = .339, p = .05), no significant 
results for both Biopac vs. FTT and iThlete 
vs. FTT.  Pearson correlation coefficient 
for reliability of iThlete measurements 
session one versus session two were also had 
no significant findings.  Additionally, 
there were no significant relationships 
found between any of the testing 
measurements and the questionnaire 
responses. 
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CONCLUSION: Results suggest iThlete has moderate le vel 
of validity, yet further research is needed 
to determine reliability of device.  FTT 
should not be used as exercise predictor 
based on results of this study.  Suggest 
further research with increased subjects and 
measurements, in addition to using 
computerized FTT battery over manual method. 

 


