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Activity : Reflect on the following questions

1) What are the key contributors to student learning?

2) How do you know your students have learned
(concept/topic/subject etc.)?

Think for 2 minutes and then share with class.
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l What goes into learning?
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Question: What processes go into learning?
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AMM processes

Bloom’'s Taxonomy

Produce new or original work
e Design, assemble, construct, conjecture, develop, formulate, author, investigate

Justify a stand or decision
eva I u ate appraise, argue, defend, judge, select, support, value, critique, weigh

Draw connections among ideas
differentiate, organize, relate, compare, contrast, distinguish, examine,
experiment, question, test

Use information in new situations
execute, implement, solve, use, demonstrate, interpret, operate,
schedule, sketch

Explain ideas or concepts
classify, describe, discuss, explain, identify, locate, recognize,
report, select, translate

(@)_® | vanderbilt University Center for Teaching
INSS W
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l The CAMM processes (AFFECT)
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The CAIVIM processes

Do I understand the concept being taught?

How well do I understand - good, average or
poor?

How can I test how much I understood?
What aspect do T not understand?

What should T do in order to learn that aspect?

How does this new knowledge help me understand
concept X better?

Now, do T understand concept X bettert than I
did before?
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Mot ivation
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Now let’s look at one of the input variables
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| Where do we learn?
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l Where do we learn? (2)
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Activity: Raise your hand if you disagree

The process of learning can be
very complex and we need
special tools to study it
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So how do we study this complex process?
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l Traditional Methods

Classroom observation

Think alouds

Retrospective self-reflection

Experience sampling method
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But new age technology and
computational firepower allow us to
do more than just triangulation



l Birth of MMLA
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LAK Conference 2013

Multimodal Learning Analytics

Paulo Blikstein

Stanford University Graduate School of Education and (by courtesy) Computer Science
520 Galvez Mall, CERAS 232 Stanford, CA — 94305 — USA

paulob@stanford.edu

ABSTRACT

New high-frequency data collection technologies and machine
learning analysis techniques could offer new insights into
learning, especially in tasks in which students have ample space
to generate unique, personalized artifacts, such as a computer
program, a robot, or a solution to an engineering challenge. To
date most of the work on learning analytics and educational data
mining has focused on online courses or cognitive tutors, in which
the tasks are more structured and the entirety of interaction
happens in front of a computer. In this paper, I argue that
multimodal learning analytics could offer new insights into
students’ learning trajectories, and present several examples of
this work and its educational application.

would be particularly useful in a time when the need for scalable
project-based, interest-driven learning and student-centered
pedagogies is growing considerably [e.g., 5]. Both K-12 and
engineering education [10, 11], within a transformed societal and
economic environment, now demand higher level, complex
problem-solving rather than performance in routine cognitive
tasks [15]. These approaches have been advocated for decades [9,
12, 16, 18] but failed to become scalable and prevalent, and came
under attack during the last decade [e.g., 13, 14]. Automated,
fine-grained data collection and analysis could help resolve this
tension in two ways. First, they could give researchers tools to
examine student-centered learning in unprecedented scale and
detail. Second, these techniques could improve the scalability of
these pedagogies since they make both assessment and formative
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Question: What data can we capture?

Yesterday, in Prof. Ramkumar’s session you heard of log
data. Today, you have seen how learning can be a

complex process and learnt CAMM processes that go
toward learning.

Based on the above can you think of what other types of

data we can capture to shed light on the process of
learning?

Jan. 09-11, 2020 CEP for Next Education India Pvt Ltd 25



[IT BOMBAY

'jEyeTrackef
T
Researcher live monitor Respondent being tested

Torso||Legs || Arms Hands Mouth Face Eyes Heart Brain Skin| | Respiration E
2
B S I — AN T — :
A N A |
) ove ECG/ GSR/ 2
Movements EMG Strokes Voice | | Prosody | | oo || Traits PPG/BVP EEG oA RR éé
S e e & T o \\\ i W i
' ' o

GBM || Steps | |Gestures | | Text | | Sketch || Speech | |Tone| | Pitch P:i;at‘gn E:z;? aze| | HR || HRV [|Focus| |Attention || Sweat || Temp || Rate g 26
: ¥ X m




-s;f:i‘
[IT BOMBAY

l Multimodal data workflow

Data Collection

Data Processing

\ w Data Analysis
‘ Integrate
~ | :
' Multimodal

Learning
Analytics
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l Individual channels of data o=
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Eye tracking

The eye tracker incorporates
near-infrared micropeojectors,
optical sensors and image
processing,

Microprojectors 3 Image sensors register
create reflection the image of the user, the
pattems on the eyes user’s eyes, and the

projection patterns, in
real time.

-
--------------

Image processing

4 i5 used to find features of
the user, the eyes and
projection patterns.

Mathematical models are
used to exactly calculate

the eyes’ position and

the gaze point.
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CEP for Next Education India Pvt Ltd

[IT BOMBAY

29



ERF Dashboard matrics ™O

2
i

\ \
\ "
\ -
\ -
\ . o
‘ 4
-
-
. . ———
& Nt angemeiat i Bairigo Ba Anmeldan
[ — Wikipadia durzheucaen a
i Wiillkommen bei Wikipedia
e Wiikipedia ist ein Projekt zum Aufbeu s Enzyiopadie aus freisn Inbalten. 21 densn du sebr gem beitagen kanns, Sei Mai 2001 sind 2,075 952 Adtike! in deuescher Sprache entssanden.

455 Religion &9 sport ’mhnik W Wissenschait
Wiikipedia - Archiv der Hauptseite

|

’ "o 49 s yyury ’J"?

L L P o Tabe Ny
-abes . b et 4 Mhiaieme
A,




Galvanic skin response (GSR) =

15

& 1.0
=
@
L =)
=
a
E
@
v
O 0.5
mm Phasic Skin Conductance Response (SCR)
% Tonic Skin Conductance Level (SCL)
¥ GSR Peaks
0
s 9 9 Bl B B ] lll.l. llllllllllll.llblll'lilllll!llllil.l!llll.l
00:00 00:30 01:00 01:30
Time (mm:ss)

Jan. 09-11, 2020 CEP for Next Education India Pvt Ltd 31



-c;fri‘
[IT BOMBAY

l Facial emotion recognition

. Academic Emotions
®
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l Combining channels
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What data should | use?

Method/Tool Cognition | Metacognition | Affect | Motivation

Screen Recordings
(video and audio)

Concurrent Think- Alouds

Eye Tracking

Log Files

Facial Expressions of Emotions

Physiological Sensors
(EDA, EMG, EKG, EEG, fNRI)

Pretest-Posttest-Transfer tests

Quizzes

Summaries

Self Report Questionnaires
(AEQ, ERQ, MAI, OMQ, EV, Agent
Perception Inventory)

Metacognitive Judgements




Uses of MMLA : Building adaptive interfaces for education
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https://www.youtube.com/watch?v=RyBEUyE{xQo
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Uses of MMLA : Machine learning with several sensors

Using Psycho-Physiological Measures to Assess Task
Difficulty in Software Development

Thomas Fritzt, Andrew Begel*, Sebastian C. Mullert, Serap Yigit-Elliott-, Manuela Zugert

*Microsoft Research ° Exponent

fUniversity of Zurich
Redmond, WA USA Bellevue, WA USA

Zurich, Switzerland

Prediction Sensors Precision Recall F-Measure
Eye 69.16% 65.83% 65.10%
EDA 55.18%  55.77% 51.99%
EEG 53.05%  56.73% 50.82%
By Participant Eye+EDA 68.37%  64.42% 61.92%
Eye+EEG 68.58%  63.46% 60.89%
EDA+EEG 68.02%  64.58% 62.01%
Eye+EDA+EEG 64.99%  64.58% 62.21%
Eye 79.17%  66.67% 69.65%
EDA 75.12%  58.65% 63.80%
EEG 81.97% 59.62% 63.40%
By Task Eye+EDA 78.59%  66.35% 70.37%
Eye+EEG 82.42%  66.35% 69.89%
EDA+EEG 82.79%  65.63% 69.76%
Eye+EDA-+EEG 84.38% 69.79% 73.33%
Eye 66.67%  66.67% 66.67%
EDA 59.62% 59.62% 59.62%
EEG 56.73%  56.73% 56.73%
By Participant-Task Eye+EDA 68.27% 68.27% 68.27%
Eye+EEG 62.50%  62.50% 62.50%
EDA+EEG 62.50%  62.50% 62.50%
Eye+EDA+EEG 67.711%  67.71% 67.71%
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Uses of MMLA : Judicious use of one or two sensors with other data

Overhead camera for object tracking

Building materials

Jan. 09-11, 2020

Skeletal overlay of gesture capture
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Used video data to

understand how children
manipulate objects in a

building task

Gesture data measured with
Kinect tracked how they
moved their hands

The two together revealed

differences between expert
and novice builders
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l Challenges

Understanding of confounds in each individual channel
of data (currently we handle this with use of multiple
channels of data hoping that the strength of one
channel will offset the weakness of another)

IIT BOMBAY

How data can be linked back to learning theories

At what resolution data needs to be aggregated
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Thank you

www.et.iitb.ac.in
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