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Goals of this Presentation 

ÁProvide overview of biofeedback  

ÁDiscuss potential applications 

ÁUse examples to show costs and benefits  

ÁDiscuss future directions and implications 

 



Biofeedback Overview 

ÁBiofeedback: measurement, display, 

analysis, modification, manipulation, 

and response of physiological signals 

ÁUsing biological indicators to index 

sentiment/emotion 

 

 



Biofeedback Overview 

ÁFeedback loop possible where subsequent 

signals depend on prior states 

ÁEmotional states not stable  

ÁTransient 

ÁVolatile 

ÁSubject to manipulation 
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Why Biofeedback? 

ÁCurrent control schemes  

ÁProvide one dimension of input 

ÁMap player intent to onscreen action 

ÁIgnore other aspects of cognition 

ÁIgnore player sentiment 



http://www.geeky-gadgets.com/useful-gadgets-the-usb-wireless-mini-keyboard-and-mouse/ http://www.ps3controller.org/ 



Why Biofeedback? 

ÁWhat about player sentiment? 

ÁAdding emotional input incorporates 

new (and previously ignored) 

dimension of player input 

ÁTailor more immersive, dynamic, and 

calibrated game experience 



http://www.geeky-gadgets.com/useful-gadgets-the-usb-wireless-mini-keyboard-and-mouse/ http://www.ps3controller.org/ 



http://www.geeky-gadgets.com/useful-gadgets-the-usb-wireless-mini-keyboard-and-mouse/ http://www.ps3controller.org/ 

+ 



Emotion 

ÁSubjective, internal state induced by 

response to (usually) external events 

ÁVector 

ÁMagnitude (arousal) 

ÁDirection (valence) 

 



Arousal 
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Adapted from Lang (1995) 
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Physiological Signals 

ÁHeart rate 

ÁSCL (skin conductance level) 

ÁFacial expressions  

ÁEye movements 

ÁEEGs (Electroencephalography) 

ÁOthers (pupil dilation, body 
temperature, posture, etc.) 



Heartrate 

ÁBeat to beat interval of blood flow 

ÁMeasure baseline rate and deltas over time 

http://modmyi.com/forums/ipod-news/711048-nike-heart-rate-monitor-ipod-set-june-1st-release.html http://en.wikipedia.org/wiki/Electrocardiography 



+Index of arousal 

+Cheap 

+Easy to measure 

+Familiar 

+Fourier transform to 

get valence? 

- Prone to movement 

artifacts 

- Delayed onset to 

stimuli 

- Difficult to determine 

valence 

 

Heart Rate 



SCL 

ÁElectrical resistance of the skin 

ÁChart waveform of arousal over time 

ÁGet responsive and anticipatory spikes 

http://www.tbiomed.com/content/2/1/11/figure/F5?highres=y 



+Index of arousal 

+Tonic/Phasic responses 

+Minimal lag to stimuli 

+Cheap 

+Robust to movement 

+Lots of measurement 

sites 

- Difficult to associate 

eliciting events 

- Difficult to determine 

valence 

- Range is variable 

across subjects 

SCL 



Facial Expressions 

ÁRecord movement of facial muscles 

ÁClassify emotion (both valence and arousal) 

ÁCan be done remotely or via EMG 



Illustration of canonical faces 

Anger Surprise Disgust Sadness Happiness 

http://www.colour-journal.org/2007/1/2/07102article.htm 

Fear 



+Index of valence 

+Index of arousal 

+Measures 

instantaneous 

responses 

 

 

- Can be intrusive 

- Expensive  

  (at the moment) 

- Subject to bias 

- Requires training or a 

black box 

 

Facial Expressions 



Eye Movements 

ÁRemote (or mounted) cameras measure 

reflectivity off of pupils 

ÁRecord where eyes are looking in real-time 

ÁGet saccades (movements) and fixations 

 

http://www.changdengshun.com/index.php?/projects/studionext-eye-tracking/ 





+Index of attention 

+Rudimentary index of 
thought  

+Index of arousal (with 
pupil dilation) 

+Unique 

+Reliable 

- Very expensive 

- Requires extensive 

analysis 

- Can be intrusiveĄ 

lead to subject biasing 

eye movements 

Eye Movements 



EEGs 

ÁMeasure electrical potentials of the brain 

ÁPrimarily time-based signals 

ÁCoarse measures of location 

ÁGet frequency spectra and spike latency 

http://www.riversideonline.com/health_reference/Test-Procedure/MY00296.cfm 



http://www.frontiersin.org/human_neuroscience/10.3389/neuro.09.005.2009/full http://bindcenter.eu/?page_id=12 http://news.tigerdirect.com/2008/02/28/put-on-your-thinking-cap-a-gaming-helmet-can-read-minds/ 



+Index of arousal 

+Index of valence 

+Rudimentary insight 

into thought 

- Very expensive 

- Very intrusive 

- Very noisy 

- Difficult to validate 

EEGs 



Others 

ÁPupil Dilation - arousal 

ÁBody temperature - arousal 

ÁBody posture - valence 

ÁCouple with pupil dilation to get frustration 

ÁLots of stuff we havenôt thought about 



Potential Applications 

ÁPassive viewing of biofeedback data 

ÁModify game experience based upon 
player sentiment/emotion/internal state 
ÁL4D director with biofeedback 

ÁAdaptive realtime difficulty adjustment 

ÁDetect and respond to disengaged players 

ÁDetermine optimal arousal patterns 
ÁCan manipulate gameplay to induce 





Potential Applications 

ÁPhysiological data as direct input 

ÁTie health to arousal 

ÁIn-game prompts tied to emotional state 

ÁNPCs respond dynamically 

ÁRequired valence/arousal to proceed 



Potential Applications 

ÁMatchmaking/Profiling 

ÁSpectate competitive matches 

ÁMultiplayer Mechanics 

ÁDetect teammate in trouble 

ÁEarn points for eliciting responses 

ÁPlaytesting 



Current Experiments 

ÁModification of AI Director in Left 4 Dead 2 

ÁAddition of physiological input to Alien Swarm 

ÁEye movements as active controls in Portal 2 

 

 



Current Experiments 

ÁPassive viewing of physiological inputs 

ÁImplications for multi-player 

ÁPlaytesting Applications 





Modification of AI Director 

ÁDirector creates dynamic, variable 

experience in Left 4 Dead series 

ÁModifies enemy spawns, health and weapon 

placement, boss appearances, etc. 

ÁIn-game encounters determined by 

estimated arousal level 



Modification of AI Director 

ÁWill replacing estimated arousal with actual 

arousal create a more enjoyable experience? 

ÁCan we determine optimal arousal patterns? 



Director Algorithm 

ÁRepresent Survivor intensity as single value 

ÁIncrease it in response to in-game trauma 

ÁDecay intensity to zero over time 

ÁCreate peaks and valleys 





Current Hardware Solution 







Analysis of SCL Data 

ÁCategorize game events 

ÁRecord survey responses 

ÁEnjoyment, frustration, etc. 

ÁQuantify waveform 

ÁSpike frequency, size of range, average lag, etc. 

ÁData-mine (correlation, regression, 

frequency analysis, PCA, etc.) 
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1290891061 spawner_give_item 63 weapon_first_aid_kit 
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1290891061 spawner_give_item 65 weapon_first_aid_kit 

1290891061 player_use 65 406 

1290891061 player_biofeedback_scl 1.145869 234 

1290891061 use_target 411 C_WeaponSpawn 



  
оΦ hǾŜǊŀƭƭΣ L ŦƻǳƴŘ ǘƻŘŀȅΩǎ ŜȄǇŜǊƛŜƴŎŜ ŜƴƧƻȅŀōƭŜΦ 
  
    1     2     3         4     5     6     7     8     9 
(strongly disagree)          (strongly agree) 
  
пΦ hǾŜǊŀƭƭΣ ǘƻŘŀȅΩǎ ŜȄǇŜǊƛŜƴŎŜ ǿŀǎ ŦǊǳǎǘǊŀǘƛƴƎΦ 
  
    1     2     3         4     5     6     7     8     9 
(strongly disagree)          (strongly agree) 
  
  
рΦ hǾŜǊŀƭƭΣ ǘƻŘŀȅΩǎ Ǉƭŀȅ ǎŜǎǎƛƻƴ ǿŀǎ ŎƘŀƭƭŜƴƎƛƴƎΦ 
  
    1     2     3         4     5     6     7     8     9 
(strongly disagree)          (strongly agree) 








