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CENTRE FOR THE SCIENCE OF
LEARNING & TECHNOLOGY

SLATE.UIB.NO @SLATERESEARCH

» Established in 2016 by the Norwegian Ministry of Education &
University of Bergen

» A national research and competence centre for the learning sciences

» SLATE carries out research that explores and clarifies concepts such
learning analytics, big and small data in education, adaptive
learning, assessment for learning, innovation & creativity, and
learning & technology, in all facets of human learning

» Multidisciplinary = Interdisciplinary

» Conduct integrated research that will advance the frontiers of the
sciences of learning, as well as inform education practice and policy
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RESEARCH PROFILE

Learning Analytics - Research that explores the methods for measuring big and small data,
analyses, visualisations and their use, and the design of volumetric data architectures
optimised to support learning in a variety of learning contexts.

Creativity, Learning & Technology - Sociocultural and cognitive underpinnings of
creativity, learning and technology and how innovation happens is critical for the
advancement of new ideas in both school and business, in order to help business stay
competitive and enable learners to cope with an uncertain future (i.e., 21st Century Skills).

Assessment Innovation & Theoretical Pedagogy - Research on formative assessment,
governance, and policy, including scaffolding student & teacher competency and
professional development, with an emphasis on how data-driven technologies can inform
their practice.

Emerging Technologies & DATA - Research to understand how data is generated,
collected, analysed, and interpreted to inform learning and its contexts (e.g., MOOC:s,
Immersive VR, Videos, Games).
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ARTIFICIAL
INTELLIGENCE



Artificial intelligence (Al), the ability of
a digital computer or computer-
controlled robot to perform tasks
commonly associated with intelligent
beings.

ENCYCLOPADIA BRITANNICA



Artificial intelligence (Al) enables
computers and other automated
systems to perform tasks that have
historically required human cognition
and what we typically consider human

decision-making abilities.
US National Artificial Intelligence R&D Strategic Plan: 2019 |



LEARNING

REASONING

PROBLEM-SOLVING

PERCEPTION

LANGUAGE
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ARTIFICIAL
INTELLIGENCE

Which then Computer Matural Language Information Information Predictive Decision Robotics
underpin a Vision Processing Retrieval Filtering Analytics Analysis
number of o = 7l ) A g S
technological e = L AT / ; /
capabilities ey ™ - e ol iy e
Subsequently
EPP“ECI ina Facial recognition Chat bots Search Personalized Credit mL:ltrlnlE:t{-rdni:?::d Robot-assisted
range of = ol engines shopping scoring regs;:mnsn_- surgery
contexts

Fred Shir (meee-services.com)



Knowledge
Mining

Flanning
and ——
Scheduling /-~

Predicitive Analytics
Deep Learning

Reasoning

Robotics
and
Agents

Knowladge
Raprasantation

Artificial
Intelligence

¢ Matural
Language
FProcessing

Cognitive

Science

General
Intelligence

http://Iwww.mkbergman.com/1816/knowledge-based-artificial-intelligence/
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Domain
Expertise

Student Decisions Pedagogical
Model VS Expertise
Knowledge |

Interface

individualise learning &
interact with the student based on a
deep understanding of the students behaviour



Knowledge Model

rules about how to decide
what to do next
(reasoning)

or

Educational Data Mining
(machine learning)

N

Student
Model

Knowledge Model

what student knows
and does not know
(reasoning)

Decisions
4 VS »-

Knowledge Model
(knowledge
representation)

content, simulation

(problem-solving)

/

Domain
Expertise

A

Knowledge

Knowledge Model

instructional sequencing,
hints, interrupting,
feedback, ...

/(planning)

Y

Interface

Pedagogical
Expertise

collects data

about

student’s interaction with the ITS
(natural languge understanding)



track the “mental steps” of the learner during problem-solving
diagnose misconceptions
estimate the learner’s understanding of the domain

provide timely guidance, feedback, and explanations

promote productive learning behaviours
(self-regulation, self-monitoring, and self-explanation)

prescribe learning activities at the level of difficulty
& with the content most appropriate for the learner



(e.g., Anderson et al, 198?'7@@@ R.@?, 2016; Aleven et al. 2009)

CARNEGI=
LZARNING
» online computer tutoring, | in
complete with hints, i;mﬁf”m”m”&“ﬁN
immediate feedback, TR oy scamg |
dynamic scaffolding, and Pack Tota
online reports for teachers Balloons [ 1: "
. Pane et al. (2014) studied ——
effect in middle (8700
students) and high schools Sl wil s o apend - § on baloons
(16 800 students) over 7 =

states

Hinl: What number, along with the operation that you chose, will
best help you scale the number of balloons in each pack up to
the total of 36 balloons that Salma needs to purchasea?

=) 8 percentiles increase for | st e
high school students in
second year of use
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INQ-ITS: PERSONALISED
(e.g., Gobert NLI ME R.l_LiA B;Srt J. (2019)

Determine how the mass of the sled impacts the
force of the sled on the spring.

inqgits.com
e e e Inq-ITS’
will decrease.
assessment
algorithms
height of the tower
have been
s Py [ g *F validated with
mass of the sl thousands Of
kg (5 | Dy | Dk students and
R | Y | match human
roughness of the Scoring With
N 5 | 2 ; .
e . - approximately
" gravity of the planetary - - 95 percent
body el g, W | accu racy
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LEARNING
ANALYTICS



LEARNING ANALYTICS is the
measurement, collection, analysis
and reporting of data about
learners and their contexts, for
purposes of understanding and

O ptl mnie%!tugilonferencle%ae!rrmj Qgics & Kno@e@eqm 1 th e
environments in which it occurs”
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LA AS A RESEARCH
Draws on several research fieIE I E L D

» Technology Enhanced Learning
» CSCL, Mobile learning, Online Learning ...
> Al in Education
> Intelligent Tutoring Systems
» Educational data mining (EDM)
» Learning Sciences
» Psychology, Education, Computer Science, Neuroscience, ...

» Big Data & Business Analytics

Learning Analytics & Knowledge (LAK)

1
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https://solaresearch.org/

S AR

SOCIETY for LEARNING
ANALYTICS RESEARCH

FOUNDATION OF THE SOCIETY FOR LEARNING ANALYTICS RESEARCH

FIRST INTERNATIONAL CONFERENCE ON LEARNING ANALYTICS AND KNOWLEDGE § 2011

— 2012 | FIRST FLARE EVENT
USA (PURDUE), UK (OU), AUSTRALIA (UT

‘!‘\

Lo e e

FIRST LAK DATASET & CHALLENGE

FIRST LEARNING ANALYTICS SUMMER INSTITUTE | 2013 C

Learning Analytics L RS ek S LA R Journal of Learning Analytics

Summer Institute (LASI) * - =" SOCIETY for LEARNING ::2 S

Stanford University, July 1-5 2013 ‘“ANALYTICSRESEARCH HOME ABOUT LOGN REGISTER SEARCH CURRENT ARCHVES ~ANNOUNCEMENTS

FIRST ISSUE OF JOURNAL OF LEARNING ANALYTICS

2014 |START OF LEARNING ANALYTICS COMMUNITY EXCHANGE PROJECT

FLACE

2017 UASENORDIC - =~

Learnlng Analytlcs (Late) Summerl ! t'|.. L
September 28- 29 2017

NORDIC LEARNING ANALYTICS SUMMER INSTITUTE 2019
Tallinn, 28-30 August
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Learning DEIE! Data Storing

Activity Collection & Processing Analysing Visualisation

Feedback -
Actions

ISO/IEC JTC1/SC36 LA
Hoel, T., Chen, W., & Cho, Y-S (2016)
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Macro:
region/state/national/international

e Meso:

institution-wide

Micro:

individual user actions
\Y (and hence cohort)

enriches meso + macro analytics + meso levels add power to

Aggregation of user traces Breadth + depth from macro |
_ Wwith finer-grained process data micro analytics

Buckingham Shum, S. (2012)
UNESCO Policy Brief, November 2012



EDM/LA Enables Adaptive
Learning Systems

Bienkowski (2012)



Presentation
and Action

(@)

Alert and Intervention
system

. % <>

Student App

,ﬂ"/)
il

"

":[d { dashboard

/J
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Data
Storage
and Analysis

s

Learning records

fﬂ_ﬂ-f"'

’/,f
-_—

Learning analytics

war r*h use
processor P 4

‘\
'\

. A . \ “Son
—— — =
Data f e
Collection ? ’\ @ 3? 3?

Self-declared
data

Student information VLE
system

Library

Jisc Learning Analytics Architecture

https://analytics.jiscinvolve.org/wp/2016/06/28/a-technical-look-into-learning-analytics-data-and-visualisations/




TRADITIONAL
EDUCATION DATA

Academic Information Teacher produced
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NEW TYPES OF
» Click steam (activity dDATA

» Audio
» Video — Process data
» Facial expressions - to understand learning

» Eye tracking

> Bio Sensors —

> Location

+ Air quality Multimodal learning analytics
> fMRI

» etc n
SLATE
v



EDUCATIONAL DATA

input data (student characteristics, demographic data, etc)

Process data (generated during teaching, learning & assessment
such as click data streams, sensor, eye tracking, etc)

content data (curriculum, learning outcomes, resources, etc)

outcome data (achievement data from tests, assessments, etc)

SIATE




ROLE OF LA

e Students & Teachers /
Stakehol nstructors

* Institutions / Leadership
ders - Policy Makers
* Researchers

o Reflective
* Adaptive
* Predictive

gSLATE



ROLE OF LA

nsight into trends
nformed Feedback

_earning learning & Learning
trajectories

Patterns

* Trends (dropouts, success ...)

Predictions * Actions (early intervention)

» Learning and teaching actions

« Pedagogical resources and
activities

Recommend
ations

1
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LEARNER-
CENTRIC

VS

LEARNING-
CENTRIC

ANALYTICS

Zach Stein, Harvard
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STATE OF THE FIELD
REVIEW
OF LEARNING
ANALYTICS

Misiejuk & Wasson (2017)



STATE OF THE FIELD REPORT
ON LA

I pimary ehoo
I Midde Schoo

A B BEL BEL BN BEL BNk BEL BEL BNL BEL BEL BEL BEL BEL L BNk EEL L EEL

Informal Learning & Workplace
Number of Papers

100 papers

* Universty & Worklace
I University & Informal Learning & Workplace
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STATE OF THE FIELD REPORT

11
104
6
5.
4
33
222222
M"M1M1111111111111111111

04
®m | earning Design Data ° ° 0 °
= Observation Data 0 X,
m= Pre- and Posttest Data o I o I ¢ ®

mm=  Focus Group Data ° o (X,
— Text Data ] o I
mmmmm  Demographic Data I I } © I e
— Survey Data ° I XX
s Performance Data I I I I I I {
I Log Data ° ¢o  EEXR RN NN
60 40 20 0
Set Size

Figure 10 Sets and intersections of the data types g SLATE



STATE OF THE FIELD REPORT
ON LA

Study Participants Freq %0 Size Freq %

50 < 9 16%

50 =100 9 16%

100 = 500 18 32%

Learners 56 84% 500 - 1,000 6 11%

1,000 - 10,000 5 9%

10,000 = 50,000 2 4%

>50,000 7 | 12%
Educators 4 6%
Learners + Educators 7 10%

Total 67

1
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STATE OF THE FIELD REPORT

Institutions
36
6
Educators
30
12
Learners
1]

Figure 15 Venn diagram of the data clients

1
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STATE OF THE I|:_

Method

Support Vector Machines 4
Principle Component Analysis -
Neural Networks A

Multimodal Analytics -
Maximum Likelihood Estimation 1
Semantic Similarity Analysis A
Hidden Markov Model
Genetic Programming
Discourse Analysis 1

Bayesian Network 1

Artificial Neural Networks 1
Text Mining 1

Structural Equation Modeling 1
Decision Tree Learning -
Association Rules A

Natural Learning Processing §

T-Test

ANOVA

Data Visualization
Cluster Analysis
Network Analysis
Regression Analysis
Correlation Analysis

Descriptive Statistics

Tl e

NN NN NN

43

10 20 30 40
Frequency

Figure 12 Method frequency

D REPORT
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STATE OF T

E FIELD REPORT

collaborative learning / CSCL -

social learning 1

self-directed / self-regulated learning
group learning 4

constructionist / constructivist learning -
networked learning 4

lifelong learning -

problem-based learning -
game-based learning 1

adaptive / personalized learning
active learning -

project-based learning -

mastery learning -

interest-driven learning 4

reflective learning -

play-based learning -

peer-based learning 4

inquiry-based learning 4

drill-based learning 1

[ O ™ T =

-

10

Frequency

1S

Figure 17 Pedagogical approach by frequency
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EXAMPLE: CORRELATION BETWEEN
USER ACTIONS & FINAL GRADE

Construction of the Analytic Data Set (ADS)

_ Current analysis focuses on
Data sourced exploring in a Self Organising Map .
(SOM), but the Modelling file can
be used for other purposes: ™
StudentOne \.‘ {'1
S Analytic “big-data” set (ADS) \ C«h
Single “source of truth” data .
Blackboard asset to feed analysis. . h / ‘
Surveys e L —_— .~ —> | + Regression models
: ' » Other statistical
Data preparation scripts Modelling data file models
Online Library MSSQL code to prepare Curtin (Anonymised) behavioural . Theme-speciﬁc
data from raw to modelling files. attributes for all students. reporting
Additional data . » Other data mining
External Data Sets ] | analysis
* Census .
+ SES indexes
+ Geocoding Data validation analysis
Data used in the ADS is The modelling dataset represents the
Private vs. processed through Deloitte’s product of all the analysed systems,
Public schools proprietary data validation tools. datasets and aggregation logic. Can easily
listing J be distributed and u many.

- Curtin University

Fig. 4 Data sources, analytic data set (ADS) and self-organizing map

Gibson et al. (2016) n SLATE
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EXAMPLE: MEASURING STUDENT

M=/ aAE AL AAFE=

Figure 2: The simulation environment showing the drill and a partially dissected temporal bone

Kennedy et al. (2013) n SLATE



EXAMPLE: DROPOUT PREDICTOR,

INTERVENTION

i

Female, over 25 years and

married; male and employed;
Mathematics,age over 25
3033, 25% years

46.51%

894,

9115, 75%

Remaining

students

1028,

53.49%

Total number of students

Total number of drop out students

Figure 1. Graphical representation of synthesis of observations.

Yasmin (2013) n SLATE
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EXAMPLE: DATA VISUALISATION,
ACTIVITY ENGAGEMENT

¥  achors i 18 mraies (2 4)

F1

[ Actien coumil
P o

!E {alls b lih! .‘ ' ' h

Short day

| %
i m N T L8 i

Fig. 6. Time series analysis: A comparison of an engaged student (F1) with a disengaged student (M7). The results conform to our
classroom observations.

Xie et al., 2014 n SLATE
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Meistad, 9., & Wasson, B. (2000). Using
server-logs to support collaborative
telelearning research. In J. Bourdeau & R.
Heller (Eds.), Proceedings of Educational

- Multimedia & Educational Telecom 2000,
Charlottesville, VA: AACE, 679-683.
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EXAMPLE: MODELS OF EMOTION
ot

i

Mo o i andard
T e
..-'"' -"-\._
A the st ry B~ o
i tomect onel_~
1] Set EB =0 SetfB=]
¥ , S
Mt il il Wi anure 1w wWnce
Lariit Hindbaeed 1y st try
ot £ Arusirsba i B Pty e
P
PEF) wenhs . 1 CF) vt B 2 - - Cakulste puerire
Update 3 - il it duning Lant g
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Figure 4: Flow of rules for the detection of boredom

Figure 2: Flow chart of process used to detect frustration

Leony et al. (2015) n CLATE
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EXAMPLE: TOPICS
PARTICIPATION
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Fig. 5. Topic network deployed from the Student forum (course 2011-2012).
O

Figure 1: Evolution of the social network in the subject of «Educational Technology» in (A)
the first week, (B) the third week, and (C) the tenth week of the course.

Tobarra et al., 2014; Gewerc-Barujel et al. (2014) n SLATE



EDM/LA Enables Adaptive
Learning Systems

Bienkowski, Feng & Means (2012)



content management, maintenance,
and delivery

deliver material according
to a student’s performance level

Learning Record Store
R pre—— wwswe,,.  time-stamped student input

‘ :. Content ] ~ "" i
— J : and behaviours
: ) t

demographic | s of Pt | E;jg
data — : ‘ s

a a a

Faculty & Administralors Researchers/
Teachers t Developais

L

t’s progress &
make predictions about
future behaviours or performance

visible feedback (data mining & analytics)
for various users

(reporting service using n SLATE
v
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Al: STUDENT MODEL
(KNOWLEDGE MODEL)

VS

LA: PREDICTIVE MODEL
BASED ON BEHAVIOURS

(STATISTICAL MODEL)
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DATA: ACCESS, PRIVACY

DATA: CONTEXT, EXPLANATION,
REDUCTION

SCALEABILITY :
INTEROPERABILITY,
ALGORITHMIC TRANSFER

IMPACT: USEABLE, USED,
LEARNING OUTCOMES
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