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OBSERVING & EVALUATING EDA 
AS A FUNCTIONAL PREDICTOR 

FOR INTELLECTUAL TRAITS



ELECTRODERMAL ACTIVITY (EDA)

 Slight changes in the electrical conductivity of a person’s skin due to orienting 
response (activation of the sympathetic nervous system)

 Skin conductivity increases as sweat glands produce more sweat

 Changes are monitored by passing a small current through the skin and 
measuring the resistance (collected using a wearable device on the wrist)
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OBJECTIVES

• Continue to assess the use of EDA as a proxy for engagement

• Investigate EDA as a predictor for professed intellectual traits



WHAT DO YOU THINK?
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Consider the sequence:

2, 4, 6

Presenter Notes
Presentation Notes
Consider this sequence: 2,4,6

What do you think the rule is?

That’s not the rule we had in mind

How would you react? Changes in EDA





STUDY DESIGN

 EDA measured during each activity

 Video recorded the participant’s behaviors
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Initial Survey:
Provides measure of 
a participant’s traits

Activity 1:
Identify the 
Number 
Sequence

Activity 2:
Word 

Association

Activity 3:
Rubik’s Cube 
(Right Hand 
Algorithm) 

Post Survey

1 min 
meditation

Reflection 
questions

STICK
WINNER
BASKET

BREAD



EDA & ENGAGEMENT

 EDA is generally regarded as a trusted proxy for measuring a subject's engagement in an activity

 Orienting response  heightened sensitivity  increased intake and processing of information (Raskin, 1973)

 Arousal ratio (Cain and Lee, 2022):  # of unarousing moments
# of arousing moments  

 Why use EDA?

 Determines specific times during the experiment in

 which the participant was seemingly engaged

 Compare arousal ratios between subjects
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Arousing

Unarousing

Presenter Notes
Presentation Notes
REMEMBER TO CLARIFY THAT THESE ARE BASED ON CHANGE IN EDA READING, NOT THE READING ITSELF

Theres not a perfect method for measuring engagement

If AR ≤0.66, an activity is deemed proportionally arousing
If AR>0.66, an activity is deemed proportionally un-arousing




AROUSAL RATIOS
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P16P2

P16 P11

P20

Number Sequence Activity Word Association Activity

Rubik’s Cube Activity



EDA & PROFESSED INTELLECTUAL / ACADEMIC TRAITS

 Used EDA to approximate professed intellectual traits

o Negative and positive affective states associated with academic tasks

 Test Anxiety (TA)

 Mathematical Attitude - Valuation and Enjoyment (MA_v and MA_E)

o Cognitive process ability

 Intellectual humility (IH)

 Need for Cognition (NC)
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MODELING EDA

 Functional Data Analysis (FDA): analyzes data where variables are functions rather than a single scalar point

 Scalar-on-Function Regression (SoFR): predictor is a function

 Simple Linear Regression model: 𝒀𝒀 = 𝜷𝜷𝟎𝟎 + 𝜷𝜷𝟏𝟏𝒙𝒙 + 𝜺𝜺

 SoFR model: 𝒀𝒀𝒊𝒊 = 𝜷𝜷𝟎𝟎 + ∫𝑺𝑺 𝜷𝜷𝟏𝟏(𝒔𝒔)𝑿𝑿𝒊𝒊(𝒔𝒔)𝒅𝒅𝒔𝒔 + 𝜺𝜺𝒊𝒊
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Example of an input function 𝑿𝑿𝒊𝒊(𝒔𝒔)

 Models full temporal pattern of physiological arousal for all subjects instead of relying on summary statistics

 Can make connections between surprising behavior in the data and video evidence

 Integral term gives the overall contribution of EDA for each specific intellectual trait

: Xi (s)

Presenter Notes
Presentation Notes
FDA (predictor or response variables can be functions)
Familiar simple linear reg: use scalar to predict a scalar
SoFR: use function (reference graph) to predict a scalar
Functional predictor (Xi(s)) allows us to see entire pattern across time instead of relying on stats like the mean
Coefficient function Beta1(s): make connections between 
Integral gives overall contribution…
However, because it’s a function, it’s harder to estimate




BASIS EXPANSION

 Estimate the coefficient function using a basis expansion:

 Since 𝜷𝜷𝟏𝟏(𝒔𝒔) is an unknown continuous function (infinitely-dimensional), we approximate it as a finite linear combination of known cubic polynomial 

basis functions 𝑩𝑩𝒌𝒌 𝒔𝒔 = [𝟏𝟏, 𝒔𝒔, 𝒔𝒔𝟐𝟐, 𝒔𝒔𝟑𝟑] 
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𝜷𝜷𝟏𝟏 𝒔𝒔 = �
𝒌𝒌=𝟏𝟏

𝑲𝑲

𝜷𝜷𝟏𝟏𝟏𝟏𝑩𝑩𝒌𝒌(𝒔𝒔)

• Binning: prepares the functional data for modeling by 

discretizing 𝑋𝑋𝑖𝑖(𝑠𝑠), reducing dimensionality and noise

• Splining: improves flexibility and smoothness of the 

binned data by approximating intervals of 𝛽𝛽1 𝑠𝑠

time

Presenter Notes
Presentation Notes
Mention that binning and splining are two ways of basis expansion



OBTAINING 𝛽𝛽1 𝑠𝑠

1. Plug basis equation into original equation for simplification

              𝑬𝑬 𝒀𝒀𝒊𝒊 = 𝜷𝜷𝟎𝟎 + ∫𝑺𝑺 ∑𝑲𝑲𝜷𝜷𝟏𝟏𝟏𝟏(𝑩𝑩 𝒔𝒔 )𝑿𝑿𝒊𝒊 𝒔𝒔 𝒅𝒅𝒅𝒅 = 𝜷𝜷𝟎𝟎 + ∑𝑲𝑲𝜷𝜷𝟏𝟏𝟏𝟏  [∫𝑺𝑺 𝑩𝑩𝒌𝒌 𝒔𝒔 𝑿𝑿𝒊𝒊 𝒔𝒔 𝒅𝒅𝒅𝒅] = 𝜷𝜷𝟎𝟎 + 𝑪𝑪𝒊𝒊𝒊𝒊𝜷𝜷𝟏𝟏𝟏𝟏

2. Create a final model in matrix form, E[Y] = 𝒁𝒁𝒁𝒁, and use ordinary least squares ( Arg min𝛽𝛽 𝒀𝒀 − 𝒁𝒁𝜷𝜷 2 ) to 

estimate the best-fitting regression  

3. Use the extracted 𝜷𝜷, plug back into basis expansion equation to get 𝜷𝜷𝟏𝟏 𝒔𝒔 11

𝐶𝐶𝑖𝑖𝑖𝑖

Y 𝒁𝒁 𝜷𝜷

Presenter Notes
Presentation Notes
Make sure to mention  Y : outcome variable vector, Z: design matrix (combining 1s and Ciks), β: vector of basis coefficients



GRAPHING 𝛽𝛽₁(S)
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Creating the Confidence Band

1. Calculate variance-covariance matrix of 𝛽𝛽₁(s):  𝑩𝑩 𝒔𝒔 𝑽𝑽𝑽𝑽𝑽𝑽 𝜷𝜷𝟏𝟏 𝑩𝑩 𝒔𝒔 𝑻𝑻

- V𝐚𝐚𝐚𝐚 𝜷𝜷𝟏𝟏 : variance-covariance of the basis coefficient vector (based on OLS)

2. Use �𝜷𝜷𝟏𝟏 𝒔𝒔 ± 𝒁𝒁𝜶𝜶/𝟐𝟐 ∗ 𝑽𝑽𝑽𝑽𝑽𝑽(𝜷𝜷𝟏𝟏 𝒔𝒔 ) to get pointwise CI’s

𝛽𝛽₁
(s

)

Presenter Notes
Presentation Notes
Graph beta 1 (s) coefficient to draw conclusions and include confidence band



3RD DEGREE MODELS OF 𝜷𝜷𝟏𝟏(𝒔𝒔) FOR ALL ACTIVITIES (90% CI)
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MA_v MA_ENC

TA IH

Presenter Notes
Presentation Notes
Near zero  little influence, want to look at places where curve and CI are above or below the zero line  high contribution of EDA in explaining the outcome
Doesn’t happen in overall here, but have the pinch points which seem promising for further studies with more ppl, look at what is happening at those points
Also note that the contributions of Mas and TA and IH are similar, suggesting some connection between those traits
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𝜷𝜷𝟏𝟏(𝒔𝒔) FOR NUMBER SEQUENCE  ACTIVITY (90% CI)
MA_v MA_ENC

TA IH

1
2

1. Quickly believed they had the 
answer, but were wrong

2. Either had the correct answer 
through trial and error, or were 
far from it

Presenter Notes
Presentation Notes
Band nearly dis-includes 0 twice
High NC: (1) grew more cognitively aroused, thought deeper when they realized it was more difficult, (2) less aroused after possibly using trial and error and become confident in correct answer by this time
Low NC: (1) less invested when it wasn’t right the first time, (2) cognitively aroused because still far from solving it
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𝜷𝜷𝟏𝟏(𝒔𝒔) FOR WORD ASSOCIATION ACTIVITY (90% CI)
MA_v MA_ENC

TA IH

1. Either rolling through first 
several word problems, or 
struggling immediately

2. Thinking through unsolved 
word problems

1
2

Presenter Notes
Presentation Notes
Two more areas again for activity 2
We hypothesize that those with higher mathematical enjoyment probably enjoy problem solving in general
High MAE: (1) had higher cognitive arousal because they were able to breeze through these, (2) had lower cognitive arousal, down to last couple of words they couldn’t get
Low MAE: (1) have lower eda because they didn’t enjoy solving problems and struggling, (2) put more investment at this time because they hadn’t got many words correct yet
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𝜷𝜷𝟏𝟏(𝒔𝒔) FOR RUBIK’S CUBE ACTIVITY (90% CI)

TA

MA_v MA_E

IH

NC

1. Making first moves

2. Either have figured out the 
algorithm or still struggling

1
2

Presenter Notes
Presentation Notes
MA_E: ppl who like math had lower eda since they weren’t intimidated
TA: those with lower TA were more engaged at the beginning, higher TA were intimidated and not engaged. Then by the end, those with lower TA were on a roll so lower engagement, higher TA ppl often hit a roadblock and or forgot sequence so were really thinking and engaged
IH: basically zero  no impact
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MA_v MA_ENC

TA IH

4TH DEGREE MODELS OF 𝜷𝜷𝟏𝟏(𝒔𝒔) FOR ALL ACTIVITIES (90% CI)

Presenter Notes
Presentation Notes
Mention that 4th deg models essentially means smoothing the original data even more
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𝑿𝑿𝒊𝒊(𝒔𝒔)
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𝑿𝑿𝒊𝒊(𝒔𝒔)

P14 
P7
P6 
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𝑿𝑿𝒊𝒊(𝒔𝒔) 𝜷𝜷𝟏𝟏(𝒔𝒔)

P14 
P7
P6 



P14: -2.31745214 
P7: -1.26100259 
P6: -0.28121994 
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𝑿𝑿𝒊𝒊(𝒔𝒔) 𝜷𝜷𝟏𝟏(𝒔𝒔)

𝜷𝜷𝟏𝟏 𝒔𝒔 ∗ 𝑿𝑿𝒊𝒊(𝒔𝒔)

�
𝑺𝑺
𝜷𝜷𝟏𝟏(𝒔𝒔)𝑿𝑿𝒊𝒊(𝒔𝒔)𝒅𝒅𝒔𝒔



INFLUENCE OF EDA ON EACH OUTCOME VARIABLE
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Third Degree Models:

Fourth Degree Models:

NC MA_v MA_E TA IH

All Activities 0.1416 0.0531 0.2212 -0.2910 0.0521

Activity 1 0.1289 0.1495 0.6068 -0.0597 0.4507

Activity 2 -0.1154 0.1591 0.5003 -0.4756 0.0424

Activity 3 -0.1130 -0.7689 -1.5574 -0.8488 -0.0458

NC MA_v MA_E TA IH

All Activities 0.1735 -0.07916 -0.0297 -0.9505 0.0534

Activity 1 -0.1421 -0.4622 0.0653 -0.6677 1.1958

Activity 2 -2.4397 -0.6844 0.5167 2.1038 -0.6372

Activity 3 -0.7945 -0.0952 -4.3513 -2.4603 -0.5532



CONCLUSIONS

 The Relationship between EDA and two variables showed promise, which is encouraging for further 
study

 Test anxiety (TA)

 Enjoyment of math (MA_E)

 Results were not as promising for some traits previously thought to be important

 Intellectual Humility (IH)

 There is reason to believe that EDA data can be used as a proxy to measure affective engagement
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FUTURE WORK

 Analysis of larger samples

 Further exploration of the arousal 
ratio as a metric 

 Analyze why EDA is a better predictor 
for the more encouraging outcome 
variables

 Attempt Function-on-scalar Regression

 Additional predictors/Random effect 
model
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QUESTIONS?



28

FOURTH DEGREE MODELS OF 𝜷𝜷𝟏𝟏(𝒔𝒔) FOR ACTIVITY 1 WITH 90% CI
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FOURTH DEGREE MODELS OF 𝜷𝜷𝟏𝟏(𝒔𝒔) FOR ACTIVITY 2 WITH 90% CI
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FOURTH DEGREE MODELS OF 𝜷𝜷𝟏𝟏(𝒔𝒔) FOR ACTIVITY 3 WITH 90% CI



INFLUENCE OF EACH OV ON EDA
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