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(NASA TLX, Bergen Burnout Indicator ) 

data (Liu et al., 2016)

NASA TLX Bergen Burnout Indicator(BBI)
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1. ECG 

2. UI protocol 

3. UI

ECGG User InterfaceUsU
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ECG: Heart Rate Variability

R-peak (inter-beat interval, IBI) (Malik et al. 1996)

IBI(inter-beat interval)
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References: Malik et al. (1996), Tarvainen & Niskanen (2008)

ECG 

HRV(heart rate variability) measures commonly employed for analysis on short-term recordings

Frequency-Domain Measures

Short-term

recordings (2~5 

min)

Long-term

recordings (24 h)
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Statistical 
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Geometric 
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ECG 

ECG 

Domain

Time

Mean IBI ms IBI

SDNN ms IBI

RMSSD ms IBI 

Frequency

LF ms2 (0.04~0.15Hz) power

HF ms2 (0.15~0.4Hz) power

LF/HF - LF HF

2 / 2

Effects of Cognitive Stress on HRV Measures

Statistical 

measures
Short-term recordings 

(2~5 min)

SDNN RMSSD LF LF norm HF HF norm LF/HF
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Visnovcova 2014;

Althaus 1998; 

Taelman 2011

Liu et al. 2016;

Tharion 2009; 

Li 2009; 

Liu et al. 2016; 

Zhao 2012; 

Lackner 2011;

Visnovcova 2014; 

Miu 2009; 

Hjortskov 2004;

Hjortskov 2004; 

Papousek 2010; 

Schubert 2009;
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UI : 

: ECG User Interface 

: 30 (20~50 )

: Smart TV task ECG

: Task , , 

: Smart TV 2 ( vs. )

ECG 
ECG 

Smart TV

Smart TV
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Task:

task 

1 / 2

S2.

S3.

S1.
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Task:
2 / 2

S1. S2. S3.

S4. S5. S5.

14

(1m), (20˚ ~ 40˚), (30 lux)

Smart TV 

IN

OUT

LG smart TV

: 1m

(field of view; FOV): 20~40 )

: 30lux

* : http://digxtal.com/insight/20130114/on-ergonomic-viewing-condition/

Samsung smart TV
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S1. (5 min)

S2. Sensor attachment (5 min)

S3. Practice (5 min) 

S5. Task (10 min) 

ECG 

S7. Debriefing (5 min)

S6. Subjective evaluation (5 min)

Baseline S4. (5 min) 

Task: , 

Task ECG 
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ECG 

S3. HRV measure quantification (Kubios)

S4. Statistical analysis (MATLAB)

S2. Artifact Correction (MATLAB)

HRV analysis 

(Kubios HRV 3.1, Finland)

S1. Measurement of ECG Data

Bandpass filter

(< 2 Hz & ≥40 Hz)

Statistical Analysis 

(MATLAB R2018a)

Measure (DTS BioMonitor

XPTM, NORAXON Inc., USA)

SDNN & LF/HF (5 min interval)

1 / 2
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ECG Data 

S1. ECG raw data R-peak 

S2. R-peak ECG (Kubios HRV 3.1, Finland)

Frequency 

FFT 

2 / 2
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TV User interface (UI) : 

: (3.6 , ~ ) (4.8 , ~ )

33%(1.2 ) 

: (3.4 , ~ ) (4.5 , ~ )

32%(1.1 ) 

: (3.2 , ~ ) (4.6 , ~ ) 43%(1.4 ) 
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TV User interface (UI) : ECG

task , , 

ECG 

Time domain: IBI ↓, SDNN ↓, RMSSD ↓

Frequency domain: HF↓, LF/HF ↑
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(1/2)

ECG 

ECG (Time, Frequency, Non-linear domain)

TV UI / protocol 

, , TV 

ECG 
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(2/2)

TV UI

ECG 

ECG /

TV UI 

Q & A
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Thank you for your attention!
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