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Heart rate variability (HRV) focuses on changes in time between heart beats. HRV can be an 
indicator of how healthy the body is with factors such as blood pressure, gas exchange, gut, 
heart and vascular tone, and autonomic balancing (de Geus, Gianaros, Brindle, Jennings, & 
Berntson, 2019). Behavioral changes like increased social skills, self-control and coping 
mechanisms are also associated with high HRV. A high HRV would be anywhere between 0.15 
Hz to 0.40 Hz. While having a higher HRV is typically associated with good physical and mental 
health, there can be pathological situations that produce elevated HRV. Contrastingly, a low HRV 
rate generally implies that a person is ill. A low frequency would be between 0.04 Hz to 0.15 
Hz, while anything from 0.003 to 0.04 Hz would be reflective of a very low frequency (Vescio, 
Salsone, Gambardella, & Quattrone, 2018). Numbers within the low frequency and very low 
frequency ranges reflect the sympathetic nervous system, which is typically associated with the 
“fight or flight” response.

Both HR and HRV are very telling metrics when used correctly. To fully understand both topics 
and how they can provide a lot of insight into research questions from the perspective of the 
implicit, HR and HRV must be broken down to the first few foundational pieces.  

Calculating HR is pretty simple and does not necessarily need any special equipment. Listen to 
your pulse by placing two fingers on your wrist between your bone and your tendon. Count the 
number of beats in a minute. Tada! You just measured HR. (Of course, there is equipment used in 
research labs to ensure accuracy and changes in HR over periods of time.)

HRV is a much different story. There are 
various ways to calculate HRV. A combination 
of three deflections seen from a recording 
device (known as electrocardiogram, which 
we will discuss in a bit) is known as the QRS 
complex. The “Q” wave occurs when the 
inside of a cell is less negatively charged 
inside one of the heart ventricles called the 
interventricular septum. Following the 
negative “Q” wave is a large positive “R” 
wave. R values are used for analysis. The 
distance, in milliseconds, between R waves is

What is Heart Rate & Heart Rate Variability? 

Heart Rate (HR) & Heart Rate Variability (HRV)
Heart rate, or the number of heart beats per minute, helps to provide an idea of the psychological 
arousal or stress expressed by the autonomic nervous system. By studying how much the heart rate 
varies, it gives insight into ways that our bodies adapt to environmental or psychological changes. 

HOW IS HR/HRV CALCULATED?

Figure 1
An example of a QRS complex.

Figure 2
An example of an RR Interval.

Key Terms: Wavelengths | PAD | Attention | Arousal | QRS | PPG | Heartrate | Heartrate Variability 



Using time (aka the beat to beat amount) or 
frequency (the number of high and low frequencies 
per beat) are common ways that HRV is calculated. 
A Poincaré graph provides a visual representation 
of how well the next RR interval will be predicted 
for the HRV (Pinheiro et al., 2016). If there is a 
greater value spread out, it can be assumed that 
there is an increased HRV. When the graph has the 
plots all bunched together, a lower HRV is being 
plotted. 

HRV requires a longer measure than HR due to the 
nature of its complexity. HRV is trying to measure 
the imperceptible changes between each 
heartbeat. To justly record HRV, the right tools 
need to be implemented.

There are two common types of equipment associated with HR and HRV: electrocardiograms, 
referred to as ECG or EKG, and photoplethysmography, or PPG. Dr. Willem Einthoven won the 
Nobel prize for developing the first electrocardiogram in 1905. Einthoven was able to study the 
electrical impulses that travel through muscle cells that create contractions, aka your heartbeat. 
Two (or more) electrodes placed on your skin can determine patterns within the autonomic 
system by capturing the signals from the R-wave (Lu, Yang, Taylor, & Stein, 2009). ECG is the 
accepted measure of medical professionals when analyzing HR/HRV, with measurements being 
accurately recorded to the millisecond. 

The latter of the two methodologies, PPG, is an 
optical technique that records changes in blood 

flow through near-infrared or green LED light 
transmission. As the heart beats, there is an 

increase in blood flow and more light is absorbed. 
In the periods between beats with less blood, there 
is an increase in light that is reflected to the sensor. 

Each peak creates a pattern that represents heart 
rate. PPG does not actually measure heart activity 
(Lin, Wu, Li, Zhang, & Zhang, 2014). Since PPG is 

an indirect measure of heartrate, it can lose 
accuracy under certain conditions. Constant 

movement due to physical activity can make it 
challenging to get a strong read. Tattoos and 

What types of methods are used to find HR/HRV?
When are they used? 
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Figure 3
An example of a Poincaré graph. 

Blue= Lower HRV; Red= Higher HRV

known as RR intervals, inter-beat intervals (IBI) or normal-to-normal intervals (NN). When 
completing calculations on a QRS complex, the time and frequency of a RR interval provides a 
lot of insight into what is happening. The negative “S” wave completes the QRS complex 
(Pinheiro et al., 2016).  



Measuring HR or HRV helps provide a more comprehensive understanding of a personʼs 
behavior, health and emotions. HR can be used to determine how a person reacts to a passive or 
active experience. Emotions are a very tricky topic to attempt to uncover, especially when you 
consider the complexity and subjectivity in each personʼs experience. Having a fundamental 
method for interpretations of HR or HRV can alleviate some cloudiness within the study of 
emotions. 

Within psychological research, a dimensional approach to emotions is referred to as the 
Pleasure, Arousal and Dominance (PAD) model. Within this model, a person is constantly 
categorized into one of the three PAD states. The PAD model is one of several approaches to 
tackling ways to study emotions. The PAD model has been reported to capture more information 
about a consumerʼs experience when compared to another approach known as Plutchikʼs eight 
basic emotions model. 

While HR/HRV cannot tell you the type of emotion you are experiencing, it can be used as an 
indicator for any number of phenomena such as attention, arousal, or physical and mental 
activity. HR can be used as a real-time continuous measure, and when paired with PAD, leads to 
a stronger direction in what your findings are sharing.

HR also assists in determining the valence of an emotional response based on short- and 
long-term wavelengths. Research by Poels and Dewitte (2006) have shown through collected 
studies that the decrease in short-term wavelengths is seen in positive and negative stimuli first 
when compared to a neutral stimulus. There have also been reports claiming that long-term 
wavelengths show positive stimuli increase in heart rate. Contrastingly, this study also concludes 
that negative stimuli generally results in a decrease in HR. 

These findings are very promising for considering HR as a signal to emotional response; 
however, it remains crucial to interpret the data cautiously. Using HR or HRV allows for minimal 
interference and provides a lot of potential. HCD Research strives to promote quality research by 
using the right tool for the right question.

certain skin tones can also hinder the amount of light that can penetrate thought the skin, thus 
influencing the reading. Although PPG is leading wrist-wearable technology such as Fitbit, Apple 

watches and other types of fitness trackers, the recordings may lack complete precision. 
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IF YOU ARE INTERESTED IN USING A MODALITY LIKE HEART RATE OR HEART RATE VARIANCE TO PROGRESS 
YOUR RESEARCH, PLEASE CONTACT INFO@HCDI.NET OR CALL 908.788.9393.

How does this tie into EMO TIO NS? 
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