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p > 0.05



p < 0.05



Statistically Significant



Statistically Significant

p ~
1

N



Statistically Significant

~p

1



Statistically Significant

We have enough data

to make this claim



Statistically Significant

We always have enough data

to make this claim



r2



90%

90% of the change in this

is accounted for by that



CORRELATION



Teacher Feedback 24%

Peer Tutoring 6%

Simulation and Games 3%

Instructional Media 2%

One grade level 6%

Effect size = 0.5



× ~p
1

N
r2



× p ~
1

r2
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24,000 students



24,000 students

21,000,000 data points

540,000 moves

p<.001

Likely to find 540 by chance alone

0.000025% of differences observed

1.4 seconds of instruction



Example #3



Results of the latest PISA survey conducted in 2012 

were published in December 2013. According to the 

results, Finland is one of the few countries where girls 

performed better in mathematics than boys.  

The purpose of this work is to refine the analysis of this 

observation by using education data mining 

techniques.



“Those students who are

socially and economically less advantaged,

have high anxiety towards mathematics

and a low self-concept in mathematics,

but still clearly above average attitude towards 

school,

are girls who perform below Level 3.”
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Experts move pieces faster



Move your pieces faster



Things that are important

What those things mean

And that they are not isolated examples

QUANTITATIVEQUALITATIVE



ETHNOGRAPHY



Science of understanding

Things that are important 

to some group of people

What those things mean 

to them





Learning is a process of Enculturation



Learning is a process of Enculturation

“A DISCOURSE is a socially accepted association among 

ways of using language, of thinking, feeling, believing, 

valuing, and of acting that can be used to identify oneself 

as a member of a socially meaningful group… or to signal 

(that one is playing) a socially meaningful role.”

- Jim Gee



—David Williamson Shaffer

Learning is a process of Enculturation



Post hole

—Charles Goodwin

Learning is a process of Enculturation

Soil

Munsell Color Chart



CODE

CODE

CODE

—Charles Goodwin

Learning is a process of Enculturation

a culturally-relevant and 

meaningful part of a

DISCOURSE

A is



CODE
CODE

CODE

—Charles Goodwin

Learning is a process of Enculturation

DISCOURSE

culture



Post hole

Soil

Munsell Color Chart

—Charles Goodwin

Learning is a process of Enculturation

—David Williamson Shaffer



Post hole

Soil

Munsell Color Chart

Epistemic Frame

Learning is a process of Enculturation
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CODE
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Learning is a process of Enculturation
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I'm Elizabeth, and I spent the first part of this internship 

working with PAM
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Lena H. I am Lena and I worked with electric
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Daniel M. Im Danny and worked with series

Daniel M. So what was everyones results?
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Zachary H.

For hydraulic, payload and recharge interval were 

strengths, but safety was close to the company 

requirement.

Daniel M.

Elizabeth that was very similar to my group. We were 

able to reach all internal consultant requests, but the 

machine costed a lot.

Gabrielle F.
We used Pneumatic and it seemed to meet everyone's 

required and most preferred!

Gabrielle F. Ourcost always met preferred costs

Lena H.
Yes and electric, depending on the other aspects, also 

met all required and most preferred

Michael T.
What were the results of the best prototype for 

pneumatic and electric?

Technical Requirements

Technical Requirements

Data

Technical Requirements
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Yes and electric, depending on the other aspects, also 

met all required and most preferred

Michael T.
What were the results of the best prototype for 

pneumatic and electric?

Zachary H.

The best prototype for hydraulic was payload 1044, 

agility 203, recharge interval 8.7, cost $14540, and 

safety 214.

Lena H.
It consisted of safety 190, cost 12875, recharge interval, 

8.32, payload 552,and agility 263

Gabrielle F.
Payload 608 agility 257 RI 8.52 cost $12740 and safety 

206

Zachary H.
It seems like most performed well with one or two 

attributes scoring low.

Lena H.

I mean if we need to improve safety we can us the PFC 

power source, even though it has a pretty poor rating in 

all other aspects

Elizabeth E.

I think we need to determine which attributes are the 

most important to us so that we can meet those internal 

requirements and then just company for the ones we 

find less important

Data

Data

Data
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Technical Requirements

Data

Code book

Technical 

Requirements

Data

Discussion of one or 

more criteria for device 

functionality: agility, 

payload, cost, 

recharge interval, 

and/or safety.

Referring to or justifying 

decisions based on 

numerical values, 

results tables, graphs, 

research papers, or 

relative quantities.

We used Pneumatic 

and it seemed to meet 

everyone's required 

and most preferred!

Payload 608 agility 257 

RI 8.52 cost $12740 and 

safety 206
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CODEcode

discourse

field notes

Code bookThings that count as 

evidence or warrants for 

Codes

Culturally-relevant and 

meaningful aspects of a 
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Technical 
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Discussion of one or 

more criteria for device 

functionality: agility, 

payload, cost, 

recharge interval, 

and/or safety.

Referring to or justifying 

decisions based on 

numerical values, 

results tables, graphs, 

research papers, or 

relative quantities.

We used Pneumatic 

and it seemed to meet 

everyone's required 

and most preferred!

Payload 608 agility 257 

RI 8.52 cost $12740 and 

safety 206

Code code Examples

κ = 0.88

ρ(.65) < 0.05 

κ = 0.94

ρ(.65) < 0.01 

IRR
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Percent positive agreement (>70%)



Recall (>0.65)



Precision (>0.65)



F statistic (>0.65)
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able to reach all internal consultant requests, but the 

machine costed a lot.

Gabrielle F.
We used Pneumatic and it seemed to meet everyone's 

required and most preferred!

Gabrielle F. Ourcost always met preferred costs

Lena H.
Yes and electric, depending on the other aspects, also 

met all required and most preferred

Michael T.
What were the results of the best prototype for 

pneumatic and electric?
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EPISTEMIC NETWORK ANALYSIS

(ENA)



VIDEO AT:

HTTP://WWW.EPISTEMICANALYTICS.ORG/2017/01/

25/ANALYZING-CONVERSATIONS-USING-ENA/



Justin Kim
Please take a moment to introduce yourselves and 

indicate what actuator you have experience with.

Elizabeth E. Hi everybody!

Gabrielle F. Hi I'm Gabby

Elizabeth E.
I'm Elizabeth, and I spent the first part of this internship 

working with PAM

Gabrielle F. I'm from Pneumatic

Lena H. I am Lena and I worked with electric

Michael T. I'm Michael and I also worked with PAM

Daniel M. Im Danny and worked with series

Daniel M. So what was everyones results?
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Zachary H.

The best prototype for hydraulic was payload 1044, 

agility 203, recharge interval 8.7, cost $14540, and 

safety 214.

Lena H.
It consisted of safety 190, cost 12875, recharge interval, 

8.32, payload 552,and agility 263

Gabrielle F.
Payload 608 agility 257 RI 8.52 cost $12740 and safety 

206

Zachary H.
It seems like most performed well with one or two 

attributes scoring low.

Lena H.

I mean if we need to improve safety we can us the PFC 

power source, even though it has a pretty poor rating in 

all other aspects

Elizabeth E.

I think we need to determine which attributes are 

the most important to us so that we can meet 

those internal requirements and then just 

company for the ones we find less important
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Requirements

Design 

Tradeoffs
Data Collaboration

Technical 

Requirements 0 5 3 1

Design 

Tradeoffs 5 0 2 4

Data 3 2 0 1

Collaboration 1 4 1 0
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Technical Requirements 
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Design Tradeoffs





Dimensional Reduction of co-

occurrence matrices
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Advanced

Novice

Along the X axis, a two sample t test assuming unequal variance showed Novice (mean=0.05, 

SD=0.57, N=326) was statistically significantly different at the alpha=0.05 level from 

Advanced (mean=-0.08, SD=0.53, N=189; t(419.78)= 2.63, p=0.01, Cohen's d=0.24, r2 = 12%).



Data

Design Tradeoffs

Technical Requirements

Collaboration

Advanced



Data

Design Tradeoffs

Technical Requirements

Collaboration

Novice



Data

Design Tradeoffs

Technical Requirements

Collaboration

Advanced

Novice



Data

Design Tradeoffs

Technical Requirements

Collaboration

Advanced

Novice



Data

Design Tradeoffs

Technical Requirements

Collaboration

Advanced

Novice



code code

code

discourse

field notes DISCOURSE

culture

CODE

CODE CODE

p<α



Data

Design Tradeoffs

Technical Requirements

Collaboration



Zachary H.

The best prototype for hydraulic was payload 1044, 

agility 203, recharge interval 8.7, cost $14540, and 

safety 214.

Lena H.
It consisted of safety 190, cost 12875, recharge interval, 

8.32, payload 552,and agility 263

Gabrielle F.
Payload 608 agility 257 RI 8.52 cost $12740 and safety 

206

Zachary H.
It seems like most performed well with one or two 

attributes scoring low.

Lena H.

I mean if we need to improve safety we can us the PFC 

power source, even though it has a pretty poor rating in 

all other aspects

Elizabeth E.

I think we need to determine which attributes are the 

most important to us so that we can meet those internal 

requirements and then just company for the ones we 

find less important



code code

code

discourse

field notes DISCOURSE

culture

CODE

CODE CODE

Closing the 

interpretive loop



code

discourse

field notes DISCOURSE

culture

CODE

code code CODE CODE

ENA

κ
ρ



code

discourse

field notes DISCOURSE

culture

CODE

code code CODE CODE

GROUNDED MODELS

MEANINGFUL VARIABLES

NOT BLACK BOXES



code

discourse

field notes DISCOURSE

culture

CODE

code code CODE CODE

MEANINGFUL VARIABLES

NOT BLACK BOXES

ENGINEERING

URBAN PLANNING

JOURNALISM

SURGERY

MEDICAL CLINICS

GAZE COORDINATION

INTERNET SEARCH

●

●

●



code

discourse

field notes DISCOURSE

culture

CODE

code code CODE CODE

HLM

TOPIC MODELING

SEQUENTIAL ANALYSIS

BEYES NETS

STEPWISE REGRESSION

CORRESPONDENCE

ANALYSIS

MACHINE LEARNING

●

●

●



code

discourse

field notes DISCOURSE

culture

CODE

code code CODE CODE

GROUNDED MODELS

MEANINGFUL VARIABLES

NOT BLACK BOXES
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ncodeR package

nCoder web tool

epistemicanalytics.org

rENA package

ENA web tool

rhoR package
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