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Existing & emerging technologies: A spectrum

ÅInformation and communication technologies

ÅDisplay and user interface 

ÅComputational technologies

ÅInternet technologies

ÅAI based technologies

ÅSimulation and modelling tools

Feb 11, 2018 

Technology Roadmap Education, Technology Vision 2035, TIFAC
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Existing & emerging technologies: Examples

Animations
Simulations 
Games 
3D printing

Feb 11, 2018 

Wearable technologies

Gesture recognition

Augmented Reality

Virtual worlds

Multi-touch interface

Mobile apps

MOOCs

Context aware 
technologies

Learning analytics

Adaptation & 
personalization

Natural language 
recognition
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Existing & emerging technologies: Impact? 

Broad goal:

Can these technologies have a transformational impact 
on education?

(from Technology Vision 2035, TIFAC and 2 days of this event!)

This session: 

Will these technologies help learning?  

Feb 11, 2018 
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Computer-based Visualizations

5Feb 11, 2018 
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What do we mean by visualizations?

Feb 11, 2018 
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We think: 

Á Make invisible visibleςŀǘƻƳǎΣ ŎŜƭƭǎ Χ 

Á Ability to visualize ςо5Σ ƛƴǘŜǊƴŀƭǎ Χ

Á Improved conceptual understanding

Á Higher motivation, engagement

Á Easier / less boring than blackboard

7

Why do teachers use visualizations?

Feb 11, 2018 

Learning goals

Imp goal but not always 
same as learning

Some people have 
this goal
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Á Teacher will play/ show/ demonstrate visualization       

(using computer, software, projector etc)

Á Teacher will give narrative explanation

Á Students will watch and ask for clarification if needed

Data, from T10KT Workshop on Pedagogy for Effective Use of 

ICT in EnggEducation:  92% of participants used above method 

8

How do instructors use visualizations?

Feb 11, 2018 
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Does demonstrating visualizations improve learning? 

1) Yes

2) No

Scenario

Feb 11, 2018 
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Visualizations and learning: Evidence 

Feb 11, 2018 

ÁShowing demo alone is not effective 

ÁPotential benefits of visualization is lost 

ÁActive-learning strategy with visualization led 
to improved outcomes than mere viewing

(Laaskoet al 2009; 
Windschitl& Andre 1998,
Banerjee, Murthy & Iyer2015)
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Visualizations can lead to improved learning outcomes 

only if accompanied by learner-centric pedagogy.
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Takeaway

Feb 11, 2018 
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Computer games

12Feb 11, 2018 
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What are computer games for learning?

Feb 11, 2018 
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Rule-based simulation systems

Responsive

Interactive

Engaging

Competitive activity

Context rich

Cumulative

14

What are computer games for learning?

Feb 11, 2018 

Features of 
computer-based 
games
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ÅEngaging 

ÅInteractive

ÅLess daunting

ÅPopular

ÅYounger generation ςΨƘŀǊŘ-ǿƛǊŜŘΩόΚύ

15

Benefits of computer games

Feb 11, 2018 
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Your competitor decides to create training for their workforce 
using games.  Their logic was that a large fraction of their workers, 
especially the younger ones played video or computer games. 

They designed a database adventure game where databases 
contained clues to reach goals. The game contain engaging elements 
like racing, shooting, sound effects etc.  

However the training did not succeed very well. Mainly ς
while a large number of workers started the training, their post-
training learning (construct databases) was not high. 

²ƘŀǘΩǎ ƳƛǎǎƛƴƎ ƛƴ ǘƘŜ ƎŀƳŜ ǘƻ ƳŀƪŜ ƛǘ 
more effective for learning?

Scenario

Feb 11, 2018 
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Too many fast things in game (racing, shooting) ςdistracting 

People will forget database concepts because they are involved in 
playing the game

They are not really solving the problem

Team work is missing

People have to do too much ςplay game and learn concepts at the 
same time

Χ

¸ƻǳǊ ǊŜǎǇƻƴǎŜǎ ΧΦ 

Feb 11, 2018 
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META-STUDIES: Review ~300 studies on games ς

Engagement ςHIGH; Learning - MIXED

άEmpirical research on the effectiveness of instructional games is fragmented, 

filled with ill-defined terms, and plagued with methodological flaws. 

Some games provide effective instruction for some tasks some of the time, but 

these results may not be generalizable to other ƎŀƳŜǎέ (Hays, 2005)

άΧƴŜŜŘ ǘƻ ōŀƭŀƴŎŜ ƳƻǘƛǾŀǘƛƻƴŀƭ ŜƭŜƳŜƴǘǎ ǿƛǘƘ ƭŜŀǊƴƛƴƎ ǇǊƻŎŜǎǎŜǎέ 
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Examine evidence: Games and learning

Feb 11, 2018 
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Align game goal to learning goal

Make learning essential to game progress

19

Takeaway

Feb 11, 2018 
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Emerging technologies for learning: 
Research at ET IITB 

20Feb 11, 2018 
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Make sure design goal is clear: Access? Engagement? Learning?
(note access not always = learning)

Create pedagogical activities to harness technology affordance

Use active learning during implementation

21

Our Design Principles

Feb 11, 2018 
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Geometry-via Gestures

Á https://youtu.be/rOQibY2Vynw
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GOAL: 1) Construct 3D objects 
starting from familiar 2D shapes

2) Figure out properties of 3D 
shapes e.g. volume 

AFFORDANCE of LeapMotion: 

Use natural embodied interaction

Use gestures to άƳŀƪŜέ 3D

https:// youtu.be/rOQibY2Vynw

23

Geometry-via-Gestures

Feb 11, 2018 

LEARNING ACTIVITIES: 
Students create cylinders, derive volume

https://youtu.be/rOQibY2Vynw
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Stimulated recall interviews: 
Intuitive usage of gesture for 
constructing cylinder from disc

άDƛǾŜ ƘŜƛƎƘǘέ to flat 2D object to 
create 3D object

Reasoning on why 3D objects have 
volume while 2D objects do not

24

Geometry-via-Gestures: Findings

Feb 11, 2018 

Post-test performance of learning 

Identify 2D
shapes

Imagine 3D 
structure

Reason 3D volume
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CoMBat- MyoBandwearable technology

Feb 11, 2018 

GOAL: Haptic and visual feedback to novice 
badminton players for correct shot technique
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GOAL: Improve spatial skills in 
stereochemistry

AFFORDANCE: Render 3D 
molecular structures on 2D 
representations of molecules in 
textbooks & lab manuals.

26

StereoChem: Augmented reality

Feb 11, 2018 

LEARNING ACTIVITY: 

Are these molecules identical?
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GeoSolvAR: Augmented reality

Feb 11, 2018 

GOAL: 3D visualization of 
geometrical objects

AFFORDANCE: Render 3D 
geometrical shapes and rotate. 

PEDAGOGICAL STRATEGY: 
Predict-Observe-Explain

LEARNING ACTIVITY example: 
Predict what the top view of a car 
will look like. 
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RESULTS

Average retention rate 
ÅLearning Dialogs: 69.9%
ÅRegular videos : 55.73%

Persistence rate 37%

Completion rate 23% 

28

Learner-Centric MOOC

Feb 11, 2018 
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Final takeaway

Feb 11, 2018 

Superior pedagogy +moderate technology 

trumps

Advanced technology + mediocorepedagogy
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Educational Technology, IIT Bombay

Á Inter-Disciplinary Program 

Á R&D, PhD program (25 PhD students)

Å Project TUET: Teacher Use of ET

Å Project TELoTS: Thinking skills

Á Consultancy: Learner-centric pedagogy 

training & content-creation for industry

Á Outreach: FDPs, MOOCs

Feb 11, 2018 


