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University of Duisburg-Essen (UDE)

founded by merger in 2013

11 Faculties

= Humanities

= Social Sciences

» Educational Sciences

= Economics

» Business Administration

» Mathematics

.

* Physics
= Chemistry
= Biology

* Engineering

39,343
442
2,691
1,375

studnts .
professors
academic staff

employees technical support and administrative services
(excluding Faculty of Medicine)

* Medicine




Our Department

... of Computer Science and Applied Cognitive
Science in the Engineering Faculty (Duisburg)

17 professorships / groups (13 in CompSci)

Focus on Interactive Media and "Human-oriented
Computing”

3 B.S5c./M.Sc. Study Programmes with approx.
1500 students
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Project History |

 COLDEX ("Collaborative Learning and Distributed
Experimentation”, 2002-05, coord. by Collide):
collaborative modelling tools for various areas of science
learning; creation of a globally accessible repository of
learner-created models ("emerging learning objects®).

« SCY ("Science Created by You", 2008-12, U. Twente):
SCY-Lab environment facilitates learner experience
through larger "missions" ; sharing of emerging learning
objects.



Project History Il

* Go-Lab (2012-16, U. Twente):
uniform access to a variety of remote laboratories, both
virtual and physical; customisable web-based learning
environments and learning analytics components.

- JuxtaLearn (2012-15, Open Univ. Milton Keynes):
fostering understanding of core science concepts
through video creation on the part of the students;
collaborative production and discussion around videos.



Project COLDEX

("Collaborative Learning and Distributed Experimentation", 2002-05)

Finding epicenter and

Cliemistrv: biods o cpte o] hypocenter of earthquakes is the
A v '. 7 " g § 0" . . . .
Y IO E Y, SEDINNN0EY main task in the seismo scenario

astronomy ... these are the scientific topics .. ..
» » 3 . > . o c-.
which are combined in the COLDEX project Fgf A
- -

Originating from the pedagogical idea of
"challenge based learning'', we support

student groups — from face-to-face groupsup
to international learning communities: they _‘.\"-
can have a realistic look inside scientific
work. Various "digital experimentation

The space planting scenario enables
students to experiment with computer and

kR

robotic controlled plant growth chambers toolkits" containing virtual and physical = ==
inthe e W of Advanced Life Support tools enable open-ended learning activities. =+ =
| Sysems =

By using a synchronised "learning object
repository" (LOR) learners can find people

B|OTU be and with similar interests. The LOR supports

retrieval in a big pool of models and data, re-

Se |Sm0 Scen arl 0S use of learning objects and building of

learning communities between Europe and
South-America.




Project COLDEX

("Collaborative Learning and Distributed Experimentation", 2002-05)

The astro scenario contains
remote control of telescopes.
image processing and
calculating moon crater

heights

Astro and Maze
Scenarios




COLDEX - Results and ,,Lessons Learned*

* Notion of ,emerging learning objects” (ELOs)

* Provision of a general purpose modelling environment
(CoolModes / FreeStyler) with different ,palettes” for
various modelling languages (e.g., System Dynamics,
Petri Nets) and special applications

 Support for sharing ELOs in larger communities
through similarity based search

* Resistance of teachers against ,,open production®



Project SCY

SC Science Created

About SCY Impressions Partners News Deliverables Forum Try SCY SCY for Teachers

About SCY Impressions

Learn about the Get a glimpse of the

philosophy behind ' SCY Look and Feel
SCY and the outcomes

Partners News

SCY is an international SCY in the press,
project with 12 institu- Publications etc.
tions from Europe

and Canada
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SCY - Tools and Architecture
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Mission “CO2-Friendly House”
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ORIENTATION

Scenarios and Learning
Activity Spaces
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SCY-Lab Environmen
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{online
awareness)

Biology: Gosl of the

analynis
L o -
! -
- =
-
A
fiolagy: Cheice of
techniques

ELO Archive

ELO of this
learning
activity

ELO Templates

ELO Search in RoOLO

d Assignment
Experimental procedure

A5 1End knosy TOu v dis
EHA samples that mand to
b teshed: ane DHG sampbe
Trom the crime stene aod

the crime scene.

ou have te take the
fallawing chami:

1. Drag-and-crop the icon
of the *Goal of the enalysis”
you harp weitten befors t

|} | tha Rasaarch quaction®

Tiaid,
2 Wirita your hygathesis,
3. Deserbe the prinople of
he manpuaton By useg
the previous step " Cheice of
tha tmchniquer”.
/ 4 Resd the descrintion of
the metenal you ere qong
| s use dunng the
| separimmast.
1 5. Resd the ‘Manipulation

step by shop. Yeu mill oo
ik | | swma quesions in blue,

and dats weatreent’ section

Con't forget to anawer them | =)

on /g
T GOA &1 POUY REPETEIMIT e QUESTION e Wil 10 ST B1d/07 That OYCTS you wan 10 produc,

Hypothesis / amticipated results

L Descnbe i your eperin o the anticip i
Principle of the maaipulation
De5CABE F rOUGH CRSCTIETION Of FOST EXDIITIAL SORCTY e vou nant 0

E Mareri
Pipeiiips, 220 Wl Micuosipe, 2-28 W Mo test tubes Permanert matles

re— [ ——
ECORLPSIT arovme Ten Waterhalh
Agamee pel TAE-tafTer (0.1%0r 1%}
Gl raining iy
Fast Raa Eain 100
‘ Menigriation and data treatm

[— A samgles
Condaes b e Raarise e el istoness s
DA samole boang e (L0) HIndIT] bambea dsgest (D6, marg
LAMDR CONGRSRT 107 CHSTANA0 DATEOAING GUIK STRNIRG. WA Tap warter Paveer Suppy (LOC-200V | low my

o @ Resuicion dlgestion
(@ Plico the e cantaining the restrictian snzyme s, Bhaled ENZ, o ica

| . Masn b e with the BWA 1amplea i the feam mico trt tube bolder
Fipet 10 i of aach ONA sawpde from the stock tubes and transfer to tha Comact micro tat tubes

. Fipet 10 il af snepme mis M2 into mitro st sbe with DHA.
: Tighthy Ca the Tubes and mix the SompoONEnts.

Flage the tubees in the doam micre tube holder and incsbane for 45 min at 37°C

Link to Mission Map

SCYePortiolio &
SCYFeedback
links




SCY — Results and ,,Lessons Learned*

- SCY-Lab as a powerful environment
(yet — might be better delivered as a web application)

* Integration of feedback/scaffolding facilitated through
multi-agent architecture

- ,Mission Maps" as navigation aids guide learners
through complex inquiry processes

- ,Complexity overkill* with big socially relevant learning
challenges



The Go-Lab Project

http://www.go-lab-project.eu/

* Large scale use of online
labs in education.

» The Go-Lab Portal offers
students the opportunity
to perform personalized
scientific experiments.

* Teachers enhance their
classroom activities with a
personalized web-based
environment.



Experimentation with Remote and Virtual
Laboratories

Create electrical circuits and measure voltages and currents. The circuits are limited to static situations.

Investigation
Investigation

This is the Investigation phase.

Galaxy Crash app This is the Investigation phase.
Circuit Similator
B Components Cmutboas S vetes |
@ 0.000V

power

-
- 0.~

- () ® "
W

0.000 pwW

L L
T —® O

l @ INF Q
{1

Remote lab: Students control AR
. : . Ses _ Boas
real physical laboratories using a = e s

Click on the power supply icon, to turn the power on or off. The Category: | test circuits ¥
color of the "light” in the power supply icon shows the state of

We b - I nte rface the power supply (blue- off, orange- on and red- short circuit Circuit M
L] Shift the slider to increase/decrease the voltage

-5
eneors : Open B Import :, New B
£

The little round things on the meters are the sensors. You can
drag them to the circuit board =
+ Removing things Save Export

Virtual lab: Simulation of real-
world processes.



Inquiry Learning at School

The Faulkes Telescope Project Hallo Axall

» Mapping of the inquiry cycle to
virtual inquiry learning spaces.

"
; ; Hypothesis
Orientation creation
Discussion Investigatio

- Open Social Apps support the —

activities in different phases. bbb
| | [Archimetes sncoe| [meme] [rosd] | |
Drop and amange your Hems hare:

=11



Federation of Labs and Apps

Apps,
Labs,

templates

Sharing of predefined inquiry learning
spaces, apps and online labs in a
lab repository.

Teacher assembles inquiry learning spaces
for certain scenarios in the Go-Lab ILS platform.

The Tl Telencope Pyopecr et bt

Student view
distributed by url.




Intelligent Student Support

» Supporting self-reflection through student dashboards.

Orientation Conceptualization Investigation Conclusion Discussion

Performance dashboard

Total time spent in phases Learning Success

Waltch the video in the orientation phase.

QIJEHt}f of your COI“ICE‘D'E Map Use .Select or Type® in the Concept Map to
20 min get useful hints
10 miin I e ) - Use Concept xy* to gel belter Hypothesis
0 C I G D .

Go back lo the Investigation - you might get

better idea of the theory

Your Rating

Recommendations

e ' Number of mistakes
Hypothesis: When | gel five stars | feel better

% ok KA 5

Conclusion

1L 8 8 8 8"

Something

' " - = Read further articles
* ** * # hitpflen wikipedia.org/wiki/Leaming

ilen.wikipedia.orghwikifTraining

N.wWiKipedia.orgwikisnowieage




Intelligent Student Support

* Intelligent feedback mechanisms.

< Space - LAtestILS  x
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LA test ILS Hello Lars!

Orientation ceptualisation  Investigation C sion  Discussion

Check your concept map for this hypothesis. In your concept
map mass and density are related differently. m
pressure'

LA test ILS

Orientation = Conceptualisation | Investigation €

Hypothesis tool

Hypothesis Scratchp

Concept Mapper

I —

concept

-
|gravﬂy| |accelerationi |Archinedes‘ principlei |5ubmerge| |displatemenl|

Type your own!

select or type

Your hypotheses

IE' |increa.5$| |THEN| |den5ily| |increases| SD
|
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Learning Analytics

Learning Analytics - a common denominator for
all types of measurement, collection, analysis and
reporting of data about learners and their learning
contexts with the aim of understanding and optimising
learning and learning environments.

big data? interest in algorithms &
(I\/IOOCs’.?) computational methods

relation to educational
data mining?




Spectrum of Learning Analytics Topics
and Applications

* Prediction of students at risk from academic
records

* Monitoring of course participation on learning
platforms (e.g. Moodle)

*,Open Learner Modeling® as a tool for reflection
support

* Discourse and argumentation analysis



The Methodological ,, Trinity* of LA

Artefact analysis:

Activity analysis: - Productorented
- process-oriented Information / text mining

- sequence analvs - ,Semantic richness”

(e.g. ,proc¢ Network analysis: /SIS

- action pat -

soclal or actor-artefact
relations

network measures
(centrality, cohesion, ...)
no Inherent time




Enhancing LMS with analytics: LeMo *

Dashboard / My courses / Activity - timea
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Question Question 1.1.1.2.10 49
Question Question 1.1.1.2.7 43 H
* Beuster/Elkina/Fortenbacher/
Guestion Question 1.1.1.2.6 % H
Kappe/Merceron/Pursian/

i Wi b Schwarzrock/Wenzlaff [IDAACS 2013]



Example #1:

Analyzing student created concept maps
(from project SCY)



Scaffolding of CM Construction

Request concept help |

Request relation help | Lexicon |

ac)=

AN

lhas influenc... [v|| <> | -
\ increases

|increase&

_.._’__..-""'.
> < |

|h35 influenc... |v| [

_._.___..r.'

® Concept Suggestions

Maybe you consider adding the following:

°\a+ fossil fuel
e Concept already exists!

°\a+ sea level rise
g Concept already exists!

°\a+ temperature
s Concept already exists!

lincreases vl <>

Close




Agent Architecture

SCYMapper

Notifier

SQLSpaces
ConceptMap ' ‘
Enricher
(coordination)
ConceptMap
ConceptMap Proposer

Modeller



Ontology-based Support / Matching

keywm‘fdlplay _1 Agents Status:Agent running

—— -

-

Global warming refers to the increase observed in recent decades the average temperature of the lower atmosphere and the oceans and their

In
expected future warming. Between 1906 and 2005, the average temperature near the ground by 0.74 * C (+ /- 0.18 ° C) has increased. The T
2009 was by far the warmest on record, followed by the 1990s, which in turn were warmer than the 1980s, According to current
scientific unde is is 'very likely' the reinforcement of the natural greenhouse effect of human influence cause. The man-made
warming caused by burning fo restation and world-embracing agriculture and livestock. As a result, the greenhouse gas carbon vy
dioxide (C02) and other greenhouse gases i nd nitrous oxide accumulates in the atmosphere so that less heat radiation emitted by
the Earth's surface into space. By far the largest part ¥ the past angl expected anthropogenic warming is due to the recent and still growing
increase of the greenhouse gas carbon dioxide. Through strong fegflback processes is the direct heating effect of the carbon dioxide but with
significantly less likely than expected, resulting from the heating, rming also secondary effects. By the year 2100, depending on future CO2
emissions and the actual response of the climate system to ensughg expect a warming of 1.1 to 6.4 ° C, This would have a number of
consequences: increased glacier melt, sea level rise, ocean acidffication, changes in precipitation patterns, more extreme weather events,
including With regard to the projected rise in sea level, many qugfstions remain unanswered. The measured bandwidth of the rise in sea level by
the end of the 21 Century is, depending on the scenario, 18 togh% centimeters. The scenarios take into account but not the polar ice dynamics
(eq, the collapse of large ice sheets in Antarctica) and uncertginties in cllmate carbon cycle feedbacks In & warmer climate will reduce the '.',
it £ TN TN 1 L - £ L I = . £ 1 H 1 -l L 3TN il EON TR TN
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Quality Assessment of CMs

Comparison to expert map(s)

Conlon, T.: 'Please argue, | could be wrong': a reasonable fallible
analyser for student concept maps. Proc. of Ed-Media 2004.

Gouli, E., Gogoulou, A., Papanikolaou, K., Griggoriadou, M.: How to
gualitatively + quantitatively assess concepts maps: the case of
COMPASS. Proc. of AIED 2005.

Generic approach using background knowledge
(a domain ontology) and information extraction
(LDA) + structural (graph-theoretical) measures



Concept Mapping Study

Participants:
37 high school students aged between 16-18

Procedure:
45 min - introduction to concept mapping
(+ tool “SCY Mapper”’)
45 min - reading/highlighting of a two page text on
global warming followed by CM construction

experimental group received adaptive suggestions
control group could only access a dictionary



Expert Assessment

Four experts assessed the concept maps
produced by the students ...

based on two criteria (inspired by Marra, 2002):
completeness regarding the concepts used

connectedness regarding the relations
Introduced (adequacy, missing rel’s)



First Results

No significant differences between scaffolded
and non-scaffolded conditions.

Predictive power of simple structural measures
cannot be much improved by including of
semantic features (ontology).



Correlations

Correlation of structural measures
with expert judgments

Criterion 1 Criterion 2
(completeness) (connectedness)

# nodes r=0.79, p =0.000

# edges r=0.74, p = 0.000 r=0.63, p=0.000

density r=-0.53, p =0.001 r=-0.26,p=0.11



A mathematical explanation ....

3 | ___dE)
V|]= N / ) .;’Q )
dO- A5 4w S AN
vel P d
« In any graph density Mﬁg = _%f(f)
IS average degree * Caaded 2 >\ " k]
divided by #nodes. S (R v

« In ,scale-free networks"™ the average degree
tends to be stable.

 Hence: If CMs evolve like SFNs the density is
highest for the smallest maps !



The Evolution of Scale-free Networks:
Preferential Attachment

BIRTH OF A SCALE-FREE NETWORK

ASCALE-FREE NETWORK grows incrementally from two to 11 nodes in this example. When deciding where to establish a link, a new node
(green) prefers to attach to an existing node (red) that already has many other connections. These two basic mechanisms—growth

and preferential attachment—will eventually lead to the system’s being dominated by hubs, nodes having an enormous number of links
aps==

— .
0\'\ ,;\‘\;

Barabasi, Albert-Laszlé, Bonabeau, Eric (May 2003). "Scale-Free Networks".
Scientific American 288 (5): 60-9.




A Network Perspective on Concept Maps

Concept maps are scale-free networks!

=> evolution of concept maps is governed
by “preferential attachment”;

density decreases with growing networks

M. Jacobson & M. Kapur f(201 0):
“"Ontologies as scale free networks -
implications for theories of conceptual
change” (panel paper at ICLS 2010)



The Litmus test
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Aggregated degree distribution (from 37 maps)
left: number of nodes per degree value,

right: log-log graph




Related empirical work

Ifenthaler, Masduki and Seel (Instructional Science, vol. 39, 2011)
compare a number of general graph theoretic measures
to identify changes in cognitive structures using concept
maps from five consecutive stages of a learning process

Table 4 Average scores (standard deviations in parenthesis) of graph theory based measures (organization)
for measurement points 1-5 (N = 25)

MP1 MP2 MP3 MP4 MP5
Surface structure M (5D) 14.64 (7.99) 27.34 (14.13) 45.84 (23.85) 67.72 (48.94) 71.80 (46.71)
Graphical structure M (SD) 5.52 (2.83) 7.62 (3.57) 048 (3.42) 12.08 (4.91) 11.72(4.19)
Connectedness M (5D) 68 (48) 80 (41) A4 (51) A4 (.51) .36 (49)
Ruggoedness M (5D) 144 (.71) 1.32 (.74) 2.12 (1.42) 2.28 (1.49) 2.72 (2.01)
Average degree of M (SD) 1.93 (43) 2.06 (.53) 2.12 (.39) 2.11 (.24) 2.09 (.26)
vertices

Number of cycles M (SD) 2.52(2.37) 338(2.59) 4.12(2.68) 476(3.95) 448 (3.00)
Number of vertices M (S5D) 14.40 (6.69) 24.65 (11.76) 42.24 (22.60) 63.96 (45.85) 68.16 (44.33)




Example #2:

Extraction of semantic networks
from textual artefacts created by students
(from ongoing project JuxtalLearn)



Background:
EU Project JuxtalLearn (2012-2015)

- Provoking student curiosity and under
and technology through creative perfor | IxL)
(concretely: film making — editing — sha

- Teaching and learning support is guide

concepts
The Open University
- First step: identifying such concepts an
by conducting face-to-face workshops \
students L

University of Birmingham

Linnaeus University

— Learning Analytics techniques are
to extract representations of the ui
conceptual relations

Rey Juan Carlos University
University of Minho

Catcher Media

R \

1/ I 44 ’



Initial Workshops

- Teacher-student workshop

Six A-level students

Role reversal:
students teach the teachers

Topics: Chemistry - moles,
Biology - alleles,
Physics - potential energy

- transcripts and summaries analysed
using the AutoMap/ORA toolset
for Network Text Analysis



Network Text Analysis

- Use of the AutoMap and ORA software tools for
.network text analysis" developed by the CASOS

group at CMU
-

- Workflow: N
« collection of workshop transcripts
(textual artefacts)
« pre-processing and analysing with AutoMap!
 visualization through ORA-Netscenes?

- Result:

generation of multi-modal concept maps
(with categories: actor, domain concepts, pedag. concepts ...)



Network Text Analysis - Process

Concept

Named Entity
recogniti

ition
Union Network Meta-Networks
Statistical . ... Measure
T

Concept

Meta-Matrix
Thesauri

Delete List

Stemming

Analysis of

Over Time
Measures/
Visualization




Concept Generalization
-> Generalization Thesaurus

Teachers
Teacher
teachers
teacher

Head of Technology
Head of technology
head of technology

Head Technology
Head technology
head technology
Head of science
Head of science
head of science
Head Science
Head science
head science

teacher

teacher

teacher

teacher
head_of_technology
head_of _technology
head_of _technology
head_of_technology
head_of_technology
head_of_technology
head_of_science
head_of_science
head_of_science
head_of_science
head_of_science
head_of_science

Concept generalization

File Edit Extractors Preprocess Generate Procedures Tools Help
EIAEIEIE)
\|work_package Radcliffe_School teacher workshop -
document description meeting workshop Radcliffe_School UK

goal meeting school identification threshaold_concept a_level science =
student concepttaxonomy pedagogy taxonomy concept_map table
taxonomy pedagogic_requirements

pedagogic_requirements system teacher development work
work_package work_package work_package work_package teacher
workshop work_package output workshop work_package area

glass_cube

school meeting november

initial meeting wednesday october

threshold_concept workshop november

school workshop

workshop november

initial meeting october

attendee

Liggins_Stuart technology Radcliffe_School

Jakeman_Will science Radcliffe_School

Adams_Anne Juxtalearn principle_investigator

Clough_Gill JuxtaLearn

Cross_Simon Juxtalearn project_manager -

Apply Thesaurus (8)

plolslelsislololav iy

Concept Classification
actor

country

general_concept

(domain) knowledge
pedagogical_concept

role

technical_concept

tools _and_technologies

-> Meta Thesaurus



Teacher-Student Workshops - Results
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»External“ Learning Analytics in Juxtalearn

Extraction of information from video comments about:

associations of concepts
(adequate or inadequate from a scientific point of view)

identification of concepts that are frequently addressed
In questions as indicators of possible origins of
comprehension problems

associations between concepts often used in answers
as indicators for missing relations in students’ mental
models ( => misconceptions or “stumbling blocks?)



Case study: Khan Academy

Scaffolded questions & answers

/ Questions  Tips & Feedback Top Recent

Ask a question...

| understand the process, but | don't see why the water has a better chance of going
IN than going OUT. | mean, if the sugar molecule is blocking from the inside,
doesn't that mean the water from outside won't be able to squeeze in either? Why is

it any different from either side of the membrane? Either way, the sugar is blocking...

\ Show all answers - Answer this question




Artefact Analysis - the JxL Approach

Textual annotations of videos as indicators for students’
understanding and potential misconceptions

In addition to domain concepts “signal concepts”
(difference between X and Y, help on X needed, etc.)
Indicate special relations

Benefits for...
Researchers: insight into patterns of learning

Teachers: monitoring learning processes around videos
Students: system recommends videos or peer helpers



Data Selection / Extraction

1.284 comments from educational videos

chemistry biology physics
# users 328 309 86
# questions 279 184 70
# answers 362 312 77

Video topics:
Chemistry: Mole and Avogadro's Number
Biology: Diffusion and Osmosis
Physics: Voltage and Electrical Potential



Resulting Multi-modal Network

Multimodal networks of Jsmotic_pressure
- domain concepts | Agpressure
¢ Signal COnceptS difference_between
phagoeytosis
ackive transport
solute solutial pinocytosis
diffusio N\
dont_understard —_— L fefinition ——ggsotenic
5T
solvent
acilitated
hypotonic aveiment
hypertonic embraneg
Examples:

| don’t understand diffusion, but ....

« What’s the difference_between osmotic_pressure and
solution??



Multimodal Analysis - disambiguated

Introduction of combination nodes between
domain concepts and signal concepts

uuuuuu diffusion solvent

active_transpo N |, , ’
potential_difference '
voltageg, '

movement

osmotic_pressure

pressure



Highlighting Results in Context

i know if be allow sugar diffusion not plzany body reply

1: khan academy review on osmosis_diffusion in biology class

1: hey be possible creation video flow theory phloem transport

/ waste bite time




Embedment into JXL Process

JUXTALEARN LEARNING PROCESS
PERFORM >
ZDEMONSTRATE 4 : & fb REVIEW

B =

;2 8 %
O RAl/ I
A
A

,8‘_ J’LQ > éi\
EDIT w

IJISCUSS
Stimulate and support reflection & feedback by
— providing awareness of one’s own performance

— providing awareness about the learning
process (students’ progress, group structure)

1 IDENTIFY @



Short Summary / Outlook

Artefact analysis can help to identify problems
of understanding and misconceptions

Network perspective on knowledge artefacts
facilitates new theoretical approaches

For learning analytics combinations of the
perspectives (artefact — activity — network)
are needed!






