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Guiding questions

1) What are the proximate measures of (a) engagement, (b) relationships, and
(c) learning that you find compelling?

2) What are the questions that are most exciting to us that these measures
enable?

3) How can we share better share measures with one another?

o Open-source materials
o Facilitate interpreting and comparing results
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Status quo: How does tutoring affect student outcomes?

« Engagement
o Tutoring attendance
o School attendance

»  Relationships Can we learn what is
o Tutoring attendance going on faster and with
o School attendance more fine-grained data?

o Discipline

« Learning
o Grades
o End-of-year assessments
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Measuring engagement

Proximate Distal

P

What does an engaged

Are students engaged?
student do during a tutoring
session?

Session-Level Surveys Observations Administrative
Transcripts Student surveys Session observations Tutoring attendance
Audio Tutor surveys School attendance
Video
Whiteboard
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Measuring relationships

Proximate Distal

el

What does Are tutors building positive

relationship-building entail
during a tutoring session?

relationships with students?

Session-Level Surveys Observations Administrative
Transcripts Student surveys Session observations Tutoring attendance
Audio Tutor surveys School attendance
Video Discipline
Whiteboard
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Measuring learning

Proximate Distal

-+ P

What are indicators of

Are students learning?
learning during a tutoring
session?

Session-Level Ongoing Assessments Observations Administrative
Transcripts Formative assessments Session observations End-of-year assessments
Audio Student exit tickets Grades
Video
Whiteboard
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Observations, Surveys, Ongoing Assessments

What does an engaged Are students engaged?
student do during a tutoring
session?

What does Are tutors building positive
relationship-building entail relationships with students?
during a tutoring session?

What are indicators of Are students learning?
learning during a tutoring
session?

Session-Level Surveys Observations Administrative

Transcripts Student surveys Session observations End-of-year assessments
Audio Tutor surveys Grades
Video Ongoing Assessments School Attendance
Whiteboard Formative assessments Tutoring Attendance

tudent exit tickets
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Observations

« Observations have largely been used to measure teacher effectiveness

e« Pros:
o Quantifies educator behaviors beyond administrative data
o Measures interactions with students

« Cons:
o Infrequent
o Most are measuring the educator/instruction, not the student
o No one reallyis looking at whether individual kids are paying attention
o Hard to scale
o Subjective
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Surveys

« Students and tutors respond to items that give insights into their perceptions and
beliefs

e Pros:

o People —even students! — will tell you how they are feeling
o People’s perceptions interact with their behaviors
« Cons:
o Social desirability bias
o Asking the right questions

o Survey fatigue/Often low participation
o Surveys can be interventions themselves
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Extended Surveys
The extended surveys aim to assess a much broader range of outcomes. These surveys contain more questions (o) PO St—s e S S | O n
and take longer to complete, so they should be used more sparingly. In general, it is recommended to
administer the extended student and tutor surveys at the beginning and end of a tutoring program to assess o
changes over time. Importantly, the questions in these surveys can be administered to all students, not just (0] S eve ra I t I I I l e S a ye a r
those who receive tutoring (unless otherwise noted).
How to administer surveys d d
While you can always use paper and pen to administer surveys, the easiest way to collect data is to use an online ot EXte n e S u rveys

survey platform. Some popular online survey platform options with free account options include Google Forms,
Survey Monkey, and Qualtrics.*

1 These items were created to assess the target constructs using survey design best practices. Many of the scales were
adapted from Panorama Education’s Social-Emotional Learning Survey (www.panoramaed.com).
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Example: Tips4Tutors intervention focused on SEL

Relationships
(Weeks 1, 7,9, 11)

Tutor-student
relationships

Relational
self-efficacy
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WARM UP:
ASK Qs TO LEARN MORE

Ask students one of these
guestions, or think of your
own:

What superpower

; would you want to
have and why?

What is one thing you
like to do outside of

school?

® What is one thing you
like about school?

When you are feeling
down, what makes @

you feel better?

How confident are you that you can build positive
relationships with the students you tutor?

Final Perceptions on Relational Self-Efficacy

4.52

Control

*

F et

ES=0.18 sd

Treatment




Example: Tips4Tutors intervention focused on SEL

Stress Management
(Weeks 4, 5, 6, 10)

Student
stress
anagement

Tutor stress
anagement

WARM UP:
STRESS CODEWORD

Come up with a word or
signal to relax stress.
Get creative!

Banana @

% Students can use
the codeword
W whenever they
need a break
during a tutoring
W session.

Encourage them to try it out
during your session today!
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How confident are you that you can support students

Final Perceptions on Student Stress Management

4.5

to develop coping strategies?

* %k

A,

4.08

3.99

H

ES

-0.12 sd

Control

Treatment




Exit Tickets

« Get session-level feedback on whether students are understanding concepts

e« Pros:
o Provides real-time data on student mastery of concepts

« Cons:
o Time constraints
o Hard to compare across students
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What about session-level data & novel methods...

What does an engaged
student do during a tutoring
session?

Are students engaged?

What does
relationship-building entail
during a tutoring session?

Are tutors building positive
relationships with students?

What are indicators of
learning during a tutoring
session?

Are students learning?

Session-Level Surveys Observations Administrative
Transcripts Student surveys Session observations End-of-year assessments
Audio Tutor surveys Grades
Video Ongoing Assessments School Attendance
\ Whiteboard Formative assessments Tutoring Attendance »
= :5) SUPPORT ACCELERATOR Student exit tickets Discipline




Using Natural Language
Processing to Measure
Engagement, Relationships
and Learning

Dora Demszky, Assistant Professor, Stanford Graduate School of
EAUCALION e may 9 2024




What's the richest source of naturally occurring data that can
reveal why and how students are engaging and learning?
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What's the richest source of naturally occurring data that can
reveal why and how students are engaging and learning?

?

Tutor-student
discourse!
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NLP can help us scalably examine tutor
student discourse

Engageme
nt

Relationshi
pS

Learning

Duration and sequencing of
turns; Addressee detection;
Student questioning and
reasoning

Emotion detection; Building
common ground; Linguistic
accommodation; Topic
dynamics
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NLP can help us scalably examine tutor
student discourse

Engageme Duration and sequencing of

nt turns; Addressee detection;
Student questioning and
reasoning

Relationshi Emotion detection; Building
pS common ground; Linguistic
accommodation; Topic

Unsupe'rvised methods (no

. heed to train own measure)
Learning Stuaent reasorning,Stanford EbucaTioN
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NLP can help us scalably examine tutor
student discourse

Engageme Duration and sequencing of

nt turns; Addressee detection;
Student questioning and
reasoning

Relationshi Emotion detection; Building
pS common ground; Linguistic
accommodation; Topic

Training classifiers
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Learning Student reasoning;Stanford epucation

™ = 1 g4~ 4 " A



Fine-tuning LLMs for measurement

1. Obtain representative data
2. Work closely with experts to develop a coding

protocol for the construct
a. often highly subjective
b. several cycles of training — annotation — discussion

3. Annotate at least a few hundred examples
for each category within a construct

a. your total data will be a few hundred examples x ® 9.\ e's
number of categories (e.g. yes/no, not
helpful/neutral/helpful etc.) ﬁlﬁ
4. Fine-tune pre-trained language model 4
a. inour experience, RoBERTa tends to work best, better
than GPT-4

5. Rigorously evaluate model performance
a. Compare to experts GRADUATE SCHOOL OF
b. validate against other data (ratings of instruction Stanford EDUCATION


https://huggingface.co/docs/transformers/en/model_doc/roberta

We have created measures for...

Uptake of student ideas

Attributing ideas to students

Funneling vs focusing questions

Student reasoning

On vs off task instruction

Punitive vs restorative behavior management

Accountable talk moves (CS instruction) o
o Eliciting student ideas o ;
o Building on student ideas ilﬁl

o Connecting ideas

Learn more in our papers!

OOOOOOOOOOOOOOOO


https://www.dorademszky.com/

Try out EduConvokit!

Dataset
Speaker Text
Tutor Alice, what

units would we
use to measure
speed?

Student

Miles per hour.

e.g., tutoring or
classroom
conversation

@ Edu-ConvoKit

@ Pre-Processing Annotation
Speaker Text Speaker Text -
Tutor [STUDENT] Tutor | [STUDENT],
what units what units
would we use would we use
to measure to measure
speed? - speed?
. Student Miles per
Student Miles per hour. e

e.g., anonymization,
grouping utterances

e.g, talktime,
student reasoning,
teacher talk moves

@ Analysis

Qualitative

e.g., student reasoning examples

Student: Because, um, because, let’s say at this point you’re not
traveling at fifteen miles an hour [...]

Quantitative e.g,talktime

=

tutor student

Temporal e.g, talk over time

\\//“\v/”\\//\\;;;j

—— Tutor

/\/\/\/it

thinking

Lexical eg,logodds

student tutor

GPT e.g, summary of conversation

@: The tutor asked the
student to determine
which is larger, one
half or two thirds, and
by how much. The
students used different
colored rods to
represent fractions [..]

Stanford

GRADUATE SCHOOL OF

EDUCATION


https://github.com/stanfordnlp/edu-convokit

Questions for You

1. What language-based measures of (a) engagement (b)
relationships and (c) learning do you find compelling and why?

2. What type of challenges have you encountered in creating or
using such measures?

3. How can we share measures so that we can compare results?

GRADUATE SCHOOL OF

Stanford EDUCATION



Audio & Visual

Jing Liu

/) NATIONAL STUDENT
e/ SUPPORT ACCELERATOR

equalizing access to quality tutoring



83 20:43 Groans, "Sweet are not on the list." "Can we get jelly?"
$121:00 Begs.
° ° ° ° S321:01 Begs.

Additional Data Sources: Audio & Video ==«

S321:05 Star.

S$121:16 Dad.

S321:21 Dad.

S121:25 Agrees.

83 21:26 Agrees. "Yes, jelly-"

S$121:33 Jam.

83 21:34 "Jam is on the list. [We will?]." Star—

« Audio and video recordings contain rich

§322:118 A

information of tutor-student interactions thatis =~ =z sw

not available in other data sources 512220 D

« Virtual tutoring already collects such data

S122:49 Dragon swoops.

automatically, but researcher just begin to tap

S$122:56 Down.

into such data and understand their uses in

educational settings 5758 Somemend

S323:10 Some sweet.

« Hypothesis: such data might be particularly

$223:13 Mik.

S$123:16 Star.

useful when language data are sparse or limited ... 1o osn

. . . 81 23:22 Trails the dragon. Looks at the trail of food. Very good. Okay. Where are Dad and Star? Where are they?
(e.g., early literacy tutoring transcript)

S123:43 Atthe store, very good. And why does Dad say no to crisps?

S323:50 Because it's sweet?

S123:52 That's good. They're not on the list, are they?

S323:57 No.

/) N ATIONAL S TUDENT S123:59 Yeah, they're not on the list. So what gives Star a fright?
= ¥/ SUPPORT ACCELERATOR $324:05 It [inaudible].



Audio Data to Detect Rapport Building

””— Rapport builds Q I

« “In-sync” with each other: relationships ,@
when people become more N | B -
similar to each other in their oot o
pitch, loudness, or speaking * Joining the dots
rate during the course of a “ N
conversation (acoustic-prosodic \& -
entrainment), there is more 1 i P
likely to be rapport reported by .. | _ "
speaker partners (Lubold etal, .| _ _ * | o
2014) . om0

. Can we look at how tutors build .. 0s N
rapport with students? 4 ) .

® Speaker A Speaker B ’ 0 2 4 6 8 10 12
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(a) Proximity & Convergence

(b) Synchrony



Video Data for Emotion Detection

« Researchers typical measure facial action units, the movement of a facial muscle or
muscle groups that configure the expression of an emotion.

« Most such applications are for adults, not children.
« Can we measure student emotions and provide feedback to tutors in real time?

Action Unit's (AU)
1 = Inner Brow Raiser
2 = Quter Brow Raiser
4 = Brow Lower
: ; MACHINE LEARNING ACTION UNITS CLASSIFIER

5 = Upper Lid Raiser
6 = Cheek Raiser
Neutral Happy Fear 7 = Lid Tighten

9 = Nose Wrinkle Inner Brow Raiser: AU 1
10 = Upper Lip Raiser Brow Lowerer: AU 4 I
2 b Cheek Raiser AU 6 ™ i
12 = Lip Corner Puller "y _,  Expression of

y Z 14 = Dimple ' Upper Lip Raiser AU10  m Happiness
2 - 15 = Lip Corner Depressor - ) Lip Corner Puller AU e
. - s -~ % . S p 17 = Chin Raiser N "~ Diieaiplar AU1a 0
23 N 53 A g > s 2 AR A 20 = Llp Stretcher - Chin Raiser AU 17 -
- 2 ¥ 4 - 23 = Lip Tighten
~ s 28 : > -

24 = Lip Pressor

. 25 = Lips Part
Disgust 26 = Jaw Drop 28

Contempt Surprise



Considerations When Using Audio and Video Data

« How might audio and video data complement other types of data, especially when
measuring similar constructs (e.g., emotions)?

« How can we build domain-specific measures for teaching and learning (e.g.,
engagement)?

« What are the potential uses of measures derived from audio and video, especially if we
candoitin real time?

« Privacy issues: both types of data are PI|

« Data storage and computation requirement are very high
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Guiding Questions
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Guiding questions

1) What are the proximate measures of (a) engagement, (b) relationships, and
(c) learning that you find compelling?

2) What are the questions that are most exciting to us that these measures
enable?

3) How can we share better share measures with one another?

o Open-source materials
o Facilitate interpreting and comparing results

31
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