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What is this talk about

m A set of connections on Learning Analytics (LA)
- Learning Analytics for Learning Design (LD)
- Learning Design for Learning Analytics
- Human-Centered Design (HCD) of Learning Analytics
— Learning Theory for Learning Analytics

m An overview of proposals and associated
evidence

m An illustrating longitudinal study
m Some take-home messages




The complexity of TEL ecosystems
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Design and orchestration
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Design for Learning

m What can be designed for learning?

m The learning (performed by students) and support
(made by teachers) tasks

m The “physical” environment

m Spaces, tools, infrastructures, artifacts-resources (to be
consumed and/or produced)

m The social architecture
m Groupings, interactions with external agents

m Design is indirect (tasks vs. activities)
m Learners may change-interpret tasks in learntime

*  Goodyear & Dimitriadis, 2013

Dimitriadis & Dimitriadis, 2013 >



Balancing computer-numan agents

Teacher

Orchestration technology

Technologies §  Students

* Sharples (2013) - Figure
» Soller, Martinez-Monés, Jermann & Muehlenbrock (2005)



LD and orchestration tools
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Collaborative learning: Drafting a good assignment

Name  Collaborative learning: Drafting a Aims  To help learners develop their
approach to project planning

good assignment
Topic  Developing a project plan
Learning time 240 minutes
Designed time 240 minutes
Number of students 30

Outcomes Demonstrate @
itor  diana

This Is for an y phase

on project planning, to fo... &
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Introduction

Read os #1 @ %o

The aim of this activity is to work together in
your group to produce a good project plan
[design, observation, summary...). You will work
in groups to produce the draft, then critique each
other’s and then produce your own for the
graded assignment. We'll use the topic for this
week, namely developing a project plan

| [designing a safety sign, observing a child's

Drafting

O3 W1 @ %1
Begin by working on your own, using your notes
from the class, your Group's project aim and the
worksheet [report, video, paper, data table...).
Practice O3 ®1 @ %o
Take note of the criteria for a good plan to draft a
1-page outline of your project plan [design,
observation, presentation...]. By the end of
evening [date] post your proposal to

Investigate

Student View
Jigsaw for Marie's class 45 mins.
Initial jigsaw operators*
Type: Jigsaw (op-jigsaw)
Comma-separated list of roles
| ceo, production, financial, marketing
" — ) () Mix previous groups?
Mixed group document editing o
Mixed group chat o

# 2 Administrator

Collaborative learning: Drafting a good assignment

@ Turn editing on

Assessing

Practice Oss #1 @ Yo

Use these criteria to assess and comment on
what your group members have written [the main
criteria for evaluating the assignment]: o Will it
capture the client’s requirements? « Is the
schedule clear? « Is there clear assignment of
tasks to team members? « Do the activities fit the
aim? « Is there a way to measure the project’s
success?

1 behaviour, a video demo...].

* Villasclaras-Fernandez, Hernandez-Leo, Asensio-Pérez & Dimitriadis (2013)
» Haklev, Faucon, Hadzilacos & Dillenbourg (2017) - Figure
* Laurillard, Kennedy, Charlton, Wild & Dimakopoulos (2018) - Figure

'O Undo



Teachers as designers

m Pedagogical knowledge
- Eventually embedded in tools

- Complements / cooperates with the tacit and explicit
knowledge of the teachers

m Teachers
- Are and can serve as designers

- Should participate in the design and orchestration of the
teaching and learning processes

Kali, McKenney & Sagy (2015)



LA definition and initial focus

m Learning analytics is defined as

- “measurement, collection, analysis and reporting of data
about learners and their contexts, for purposes of
understanding and optimizing learning and the
environments in which it occurs”

m But most research was devoted
— Mining patterns
— Deriving predictive models
— Providing dashboards

m What about "“Teacher Inquiry into Student Learning”?

Mor, Ferguson & Wasson (2015) 9
Dawson (2020)



Wrap up of some questions

m Who and how designs LA solutions?

m What are the trade-offs in using a Human-
Centered Approach for LA?

m How can we enhance teachers’ agency and
design knowledge?

*  Buckingham Shum, Ferguson, & Martinez-Maldonado (2019).
* Holstein, McLaren & Aleven (2019)

10



LA and LD

m LA as a “contextual overlay” for understanding
and optimizing LD

m LD as framework for analyzing student behavior
and driving meaningful pedagogical action

m Increasing awareness since 2014 but still a long
way to go

Mangaroska & Giannakos (2019)
McFayden, Lockyer, Rienties, (2020)
Pishtari, Rodriguez-Triana et al. (2020) 11



Learning Analytics Implementation Design

(LAID) principles

m Coordination

— Which analytics, what productive patterns and what
“logistics”, 1.e. when and how, whether free or guided

m Comparison

— With respect toabsolute or relative reference

m Customization

— Multiple needs and paths to use LA, implemented as
adaptive (by system/agent) or adaptable (by users)

m Extracted vs. embedded analytics

Wise & Vytasek (2017)

12



A process model of LA use
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Checkpoint and process analytics
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Bringing the teacher in the loop

m Customization of LD and orchestration increases
efficacy and teacher agency and trust

Understanding the MMLA
solution

m LA solutions based on concrete LD information
provided by the teacher: course checkpoints, script
and activity constraints, orchestration problems

* Rodriguez-Triana, et al. (2015, 2018, 2018) 15
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Consolidated model for LA

« Gasevic, Dawson & Siemens (2015)

« Saint, Gasevic, Matcha, Ahmad & Pardo (2020)

» Gasevic, Kovanovic & Joksimovic (2017) - figure

« Reimann (2016) 16



Orchestrating LA (OrLA)

) Practitioners

Local constraints and
challenges
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Piease “make a copy” of this spreadsheet and use it however you like This work is licensed under 2 Creative C 40 License,
Teacher starts here...

System developer comm ents

Name your educational context —

Brief description of your context (educational level,
subject, student characteristics, ...) —

What is peculiar or special about this context? — Miscellaneous comm ents |

'What is y our favorite classroom technology and why? — Do these tech-savvinessiexpectations conflict with the tool's pre-requisites and assumptions? |

How are you using in the
classroom? [score 15, add comments if necessary] —

How confortable are you learning new technologies? what
do you need in order to adopt a new one? —

What do you expectfromaLAtool2 — | >
Teaching activities \ Practices |In your context, who does |How is this activity What technologies do you [What tim e constraints do What part of these teaching |Is your tool compatible |Is it feasible to gain access to |Does y our tool fitin
this kind of activity? (you, |normally done in your normally use to support  |you have for this practices would have to be |with the technologies existing/new data sources to |these time
other teachers, students...) | |context? | this activity? | activity? | done differently if they are |already in use? does it support these concrete constraints? |
to use your tool? | substitute them? | practices? |

Design/Planning/Preparatio
n of the learning activities »

Classroom management
and adaptation in the face of
unexpected events > | | 4 e >

Awareness of the learning
process/progress and
assessment of learning -
Evaluation and reﬂectlon
about the success of
learning activities (for future
re-designs) > | e =

Does your tool address theseissues? |

Prieto, Rodriguez-Triana, Martinez-Maldonado, Dimitriadis & Gasevic¢ (2019) - figures 17



Research and design methodologies

m Researcher Practice Partnerships (RPP)
m Design Based Research (DBR)
m Human Centered Design (HCD)

*  Buckingham Shum, Ferguson & Martinez-Maldonado (2019)
* Holstein, McLaren & Aleven (2019)

18



LATUX workflow for LA solutions

O What are the requirements? THE LATUX WORKFLOW Q What candidate visualisations should be

O What are the {unexplaored) generated?

possibilities? O How to mock up/sketch visualisations?
0 Who are the stakeholders? O How would the visuals be generated?
0 What are the available data sources ? 0O What data is required?

O What is the intended pedagogy? 0O How would the evaluation mimic real
0O How can the data be captured? usage?

0 What is the learning context? . Yo A

0 What are the learning tools? 1- Problem identification \/
0O How to evaluate the LA tools?

0O What ethical issues can emerge?

0O How is data to be collected, used,
shared and stored?

Example: paper-based visualisations

O How can visualisations be
dynamically generated?
O How can the data be

3 What visualisations can be
generated in real-time?
3 How can interactivity be

supported? generated/processed?

3 How can the impact of the tool O What conditions of the setting can
be tested? he simulated?

3 How can contingencies be 0 How can the interventions be
addressed? simulated?

O How can interaction be supported?
O How can the impact of the LA tools

3 How can interventions and
change of behaviour be tested?
be evaluated?

N ' ,
4- Pilot studies L
Example: Usage of the tool in a few authentic 3- Higher fidelity prototyping
S Example: Simulated class

3 What limitations are imposed by the in-the-wild conditions?
O What ethical issues can restrict the evaluation of the tools
in-the-wild?

* Martinez-Maldonado, Pardo, Mirriahi, Yacef, Kay & Clayphan (2016) - figure
* Holstein, McLaren & Aleven (2019)

19



Learning Design Driven
Data Storytelling Approach
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Human-Centered Design of LA

Design of LA solutions involve a socio-technical system

m LA solutions should be embedded in a human ecology of
formal and informal activities

m Students and teachers have partial understanding i.e. they
are not “authoritative sources”

m Academic rigor and practitioner knowledge may be combined

m Eventually the benefits of enhanced agency, adoption and
impact of the LA solutions overcome the costs of difficult,
time and resource consuming participatory processes

m All the important aspects of learning (cognitive,
metacognitive, affective and social) are highly sensible and
dependent on the context.

Buckingham Shum, Ferguson & Martinez-Maldonado (2019) 21



An illustrative study

From Theory to Action:

Developing and Evaluating Learning
Analytics for Learning Design

«  Wiley, Y. Dimitriadis, A. Bradford, M. Linn (2020a)
*  Wiley, Y. Dimitriadis, A. M. Linn (2020b)

22



An overview of the study

m Design and development of Teacher Action Planner,
a LA tool that supports teachers’ orchestration
actions:

— Grounded on learning theory (Knowledge Integration) and
using the Inquiry Based Learning approach.

— Aligned with the Learning Design (Global Climate Change
and Photosynthesis Units) and platform (WISE)

— Aligned with stakeholders’ needs (OrLA)

— Functional within the constraints of the technical and
learning environments

23



DBR research approach
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Sandoval & Bell (2004) — figure adapted from 24



The role of Theory: KI framework

Knowledge Integration (KI) Framework qim s eyion, zon
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LD informed by Learning Theory

Global Climate Change Unit

Learning Design Alighed
with Learning Theory

HPaH 2.1 How does the Sun warm Earth?
Elicit ‘>
Ideas © 22 e youtnnc
Add e 2.3 Energy Transfer
Ideas 9 2.4 How Does Energy from the Sun Reach Earth?
e 2.5 Preduction: Solar Radiation 10 Meat
e 2.6 Whiat Happens 10 Energy from the Sun?
DlStanUIs e 2.7 What Happens 10 Solar Radiation on Eanth?
Ideas
e 2.8 MySystem of Earth, Space, and Sun
o 2.9 CO: When does energy from the Sun warm Earth?
Connect
e 2.10: What do you think now?
Ideas

0 2.11: Saaying Cool

011 hemrs
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The feature (and data) to focus on

Teachers identified “Multiple
Number of Attempts” (MNA) feature
as a potential analytic for student
engagement and performance

(O SR wns ino electromagnetic radiation and the temperature INCrease!
(O SR tums ino heat energy and the tempernsture nCreases

(O SR turns into heat energy and the temperature decreases

O SA turns into chemical energy and the heat mcreases

You have used 0 of 4 aftempis

supmMT

27



Validating the usefulness of LA (I)

Are the data used to generate the learning analytics
useful for understanding student learning?

7 <"

Student Learning Study

Participants s Across 5
teachers in 1

479 school

110

010
Data o1 | ¥
Student
Log work
data
. Logistic
Analysis Regression
. Modeling '
S=students

28



Validating the usefulness of LA (II)

. 2: Ene
Unit Assessment Items
e 2.1 How does the e
e 2.2 What do you
e 2.3 Energy Transfer
°?4Hemno¢ Emergy from Su ach Eart
e 2.5 Prediction: Solar Radiation 1o Meat
Multiple-choice O e e,
Max 3 attempts > cem
QZ?Wh ppens 1 i Radiation on Ean
e 28M f Earth, Space, and Su
Multiple-choice o ' ’
Max 4 attempts e 2.9 CQ: When does energy from the Sun warm Earth?
Open-response —p e 2.10: What do you think now?
9 2.11: S1aying Cool
011 nera

High Number of Attempts Predicts Performance on

Subsequent Explanation Item 2



Optimizing the LD based on

/

Place Add Ideas &
Distinguishing ldeas —
Items on Same Page

- - N
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Optimization: Fuse two steps of the unit
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Creating a useful LA solution
towards pedagogical action

RQ2: Is the resulting learning
analytics solution useful for
informing pedagogical action?

System developers suggest
emailing LA report while
preparations made for system
integration (6 months)




LA report based on LAID principles

e

e

Hello Ms. Kerrington,

I noticed that most of your students completed Step 1.4
which has the maximum number of attempts feature, so
I've analyzed the log data from that step.

Learning goal: Step 1.4 targets MS-ESS53-5 and the
stability and change CCC. Students need to be able 1o
recognize the scale of the imeline and Interpret the
graphical data,

Tote o vmlt o phobal lorges stae ove | w0 pant

o~ -~

.\ prv - M A
— ': N/ \V “u" .V

- L

el

(ilgm p! Pow sasdde

Peas grobal temperatuie & the past almays been the s s 4 e loday
e thae past

() 1 was ALWAYS THE BAME tempersture as boday

O 1 owvas ALWAYE MUCH COLDER han Woday

() 1 was ALWAYE MUCH WARMER San todey

() 1 owas BOTH COLDER AMD WARMEN thas tedey

Here is my analysis (by class panod) of the log data of
your students’' responses. Note: You can find the
students associated with the workgroup 1D by chicking
on the "Manage Students” ink in the Teacher Tools.

Answered comrecily on the first attempt
*  Period 1-46% (6/13)

«  Period 2 - T9% (1114)

«  Perod 3 - T5% (912)

How many multiple attemplts were needed (by
workgroup)?

« 2 attempls were needed by those who didn 2-
answer correctly on the first attempt Comparison
What was the most commaon Incorrect answer on the
first attempt?
«  Most students chose "It was ALWAYS MUCH
COLDER than today”
«  Students who followed a different pattern, by
pernod
«  Period 1

o JOTS583, 397597 - n was ALWAYS
MUCH WARMER than loday, then
answered correctly

+  Perod 2

« 397640 -It was ALWAYS THE SAME
lemperature as (oday, then chose the
correct answer

*  Penod 3 (all followed primary pattern)

1 - Conceptual
Coordination

Researcher Insight: This suggests that students’ prior
knowledge that current global temperatures are the
highest they have been in recent history is overriding
their analysis of the actual data presented in the
timeline of Earth’s history.

32



Evaluating the LA solution

Same analytics different pedagogical actions

‘| created a page with the question on it and a prompt for the students
to discuss in groups why they or others chose the main
incorrect answer.”

Theory-grounded LA can also improve teacher
practice

“...this data makes me want to implement more pre-activities that
help students understand their background knowledge before
beginning the next unit.”

33



Global Climate Change

Al paniods ~

Description: The item for this milestone is located in Step 1.4 and alkgns with the NGSS MS-ESS3.5 performance

expectaton.

Class Repont

Item Prompt: Has global temperature in the past always been the same as it is today? In the past: A) It was ALWAYS THE SAME temperature as
today. B) It was ALWAYS MUCH COLDER than today. C) It was ALWAYS WARMER than today. D) It was BOTH COLDER AND WARMER than

loday

Students should be able to interpret the patterns in graphical data that show how global temperatures have changed over time.

Key Insights

1.) No period achieved your targeted
goal of 100% of students correctly
answering on the 1% attempt.

2.) The most common incorrect response
was: ‘It was ALWAYS MUCH COLDED
than today.”

3.) The data suggests that students' prior
knowledge that current global
temperatures are the highest they have
been in recent history is overriding there
analysis of the actual data presented in
the timeline of Earth’s history.

Step 1.4 - Attempts Till Correct
Target = 100% =g = + = « = =+ ¢ . e

Step 1.4 - Average Response Sequence

LAID Principle
-Conceptual
Coordination



Global Climate Change

All pariods  ~ | BB
Description: The item for this milestone is located in Step 1.4 and alkgns with the NGSS MS-ESS3.5 performance
expectation.

Class Repont

Item Prompt: Has global temperature in the past always been the same as it is today? In the past: A) It was ALWAYS THE SAME temperature as
foday. B) It was ALWAYS MUCH COLDER than today. C) It was ALWAYS WARMER than today. D) It was BOTH COLDER AND WARMER than
loday

Students should be able to interpret the patterns in graphical data that show how global temperatures have changed over time.

Key Insights

1.) No period achieved your targeted
goal of 100% of students correctly
answering on the 1% attempt.

2.) The most common incorrect response B
was: ‘It was ALWAYS MUCH COLDED
than today.”

3) The data sugges(s that students’ prior Step 1.4 - Average Response Sequence
knowledge that current global
temperatures are the highest they have
been in recent history is overriding there
analysis of the actual data presented in
the timeline of Earth’s history.

LAID Principle
-Comparison
Absolute +
Relative



Global Climate Change

All pariods  ~ | BB -

Description: The item for this milestone is located in Step 1.4 and alkgns with the NGSS MS-ESS3.5 performance
expectation.
Class Repont

Item Prompt: Has global temperature in the past always been the same as it is today? In the past: A) It was ALWAYS THE SAME temperature as
foday. B) It was ALWAYS MUCH COLDER than today. C) It was ALWAYS WARMER than today. D) It was BOTH COLDER AND WARMER than

loday

Students should be able to interpret the patterns in graphical data that show how global temperatures have changed over time.

Key Insights v LAID Principle

1.) No period achieved your targeted -Customization
goal of 100% of students correctly
answering on the 1% attempt.

2.) The most common incorrect response B
was: ‘It was ALWAYS MUCH COLDED
than today.”

3.) The data suggests that students’ prior Step 1.4 - Average Response Sequence
knowledge that current global . A

temperatures are the highest they have -
been in recent history is overriding there

analysis of the actual data presented in
the timeline of Earth’s history.




The Teacher Action Planner (TAP)

® 00 06

Milestone: Photosyi

Period: 4 ~ I o5

Description: The item for this milestone is located in Step 2.10 and aligns with the NGSS MS-LS1-6 performance expectation.

Class Report

Item Prompt: "Write an energy story below to explain your ideas about how animals get and use energy to survive. Be sure to explain how energy and matter move AND how energy and
matter change.”

Students should be able to: 1) Coherently describe the photosynthesis reaction, 2) Explain how it cycles energy and matter within and across organisms

Kl Score Photosynthesis Reaction Cycles Energy & Matter
Key Insights
4 9 42% 80%
The majority of your students are coherently
linking ideas related to this topic but most 2 o + 20% 23%
students need to improve their understanding of
the detail ofthe rL 1t 3 th isr ti 4% 14%
. i o o
Sample response: ‘The energy goes into plants, the
animals eat the plants, then animals eat those animals, 1 2 3 4 5 1 2 3 1 2 3
basically what i'm saying, the sun drives the food chain.
The animals use their mitochondria to release energy by Knowledge Integration (KI) score measures how well students are identifying and linking topic-related ideas (1-5
scale).

sending it into their muscles and also by defecating.”
Sub-scores measure student understanding of the key ideas related to this topic (1-3 scale).

Recommended Action
Pair-share + Class-share

Students need support in developing an understanding of the photosynthesis reaction. Encourage students to consider their classmates' ideas by
facilitating a pair-share exchange, followed by a class-share using this guiding prompt:

“The photosynthesis reaction is CO2 + H,0 ~> glucose + oxygen. Use the model (Step 1.11) to write a step by step guide for HOW the plant completes this reaction.”

O OLOO

Targeted idea: Plants use energy from sun/light to do photosynthesis reaction, CO2 + H,0 (via arrangement or chemical reaction) —> glucose + oxygen

Rationale:Pair-share supports all students to develop an understanding of the photosynthesis reaction; Class-share provides opportunities for them to learn from each
other how to link ideas

Student Completion

Team Completed

O student23izzs Not Completed 37



Recommended orch. actions

Recommended Action

Pair-share + Class-share
Students need support in understanding and linking the details of the photosynthesis reaction. Encourage students to consider their classmates' ideas by
facilitating a pair-share exchange, followed by a class-share using this guiding prompt:

“Use evidence from the model (Step 1.11) to describe exactly how energy from the sun ends up in the glucose that plants make during photosynthesis”
Targeted idea: Plants use energy from sun/light to do photosynthesis reaction, CO,sub> + H,q (via arrangement or chemical reaction) —> glucose + oxygen

Rationale:Pair-share supports all students to use their understanding of the how photosynthesis cycles energy and matter to develop an understanding of the details of the
photosynthesis reaction; Class-share provides opportunities for them to learn from each other how to link ideas

Knowledge Integration Recommended Action #1 (above) Recommended Action #2 (below)
Process

Elicit Ideas Sharing with partner Looking for evidence in the model

Add Ideas Exploring model Reading peers responses

Distinguish Ideas Using evidence to describe how glucose Determining whether to support, refute, or
gets energy from the sun clarify their peers ideas

Connect Ideas Class discussion facilitates synthesis of Using evidence to support, refute, or clarify
ideas their peers ideas

Recommended Action

Jigsaw based on Kl score
Students need support in both developing and linking their ideas about this topic. Have students engage in a jigsaw discussion activity, pairing up teams that have
different Kl scores. Use this guiding prompt:

“Find evidence in the model (Step 1.11) to either support, refute, or clarify the claims made in this response (use responses from each Kl level)."
Targeted ideas: 1) Plants use energy from sun/light to do photosynthesis reaction, CO,sub> + Hyq (via arrangement or chemical reaction) --> glucose + oxygen, 2) Energy from the
sun gets to animals when they eat photosynthetic plants

Rationale: Jigsawing based on Kl score allows students to develop the particular skill they need (1/2: gather ideas to support claim, 3: gather evidence to refute claim, 4/5: identify
ways to clarify claims). The mixed groups encourages all students to learn from each other either new ideas, how to coherently link ideas, or how to clarify/elaborate ideas.

38



Evaluation of TAP

m Multiple actions performed
m Students’ performance was revealed in TAP
m Significant actions by Teacher 1

m But no significant changes in short term
- A large proportion of students in all three teachers’
classes did not have shifts in their scores
m A study on longer term effects showed that

- Teacher 1 achieved a significant enhancement in all
learning dimensions (e.g. concepts and skills),

probably due to her alignment with the KI framework



Conclusions of illustrating study (I)

m Importance of
—- LD-LA alignment
— use of learning theory
— Inter-stakeholder communication

m For design decisions on
- elements of the LD that should be analyzed
— data to be collected
— indicators to be calculated
— form that insights are communicated and interpreted
— connection of LA to LD redesign and orchestration action.

<4V



Conclusions of illustrating study (II)

m Importance of theory - implementation principled
approach (KA and LAID)

m Influence of all stakeholders in DBR research

m Usefulness of the Data Storytelling in visualization
m Alignment with teachers’ beliefs and attitudes

m Advantages of embedded and checkpoint analytics
m Enhancement of teachers’ agency

m But also need for

- greater transparency in understanding how LA indicators
are computed

— even longer trials in authentic and scaled up contexts



Some take-home messages (I)

m Technology-enhanced learning (TEL) ecosystems

- especially hard to design and orchestrate
m Various elements (social architectures, tasks, environment)

- can be designed in media-res in constantly evolving authentic context
m Teachers are essential stakeholders

- LD and LA are about learning and teaching

m Human-Centered design is necessary in spite of its cost

- Move from “demonstrators in a greenfield” to embedded tools and
practices in authentic contexts

m Teachers can work as designers and orchestrators
- based on their own tacit and explicit knowledge (TPACK)

m Tools are necessary to support stakeholders

- balanced use of Al agents and human expertise and actions “



Some take-home messages (II)

m LA for understanding and optimizing learning
— oriented to pedagogical interventions based on actionable insights

m LA benefits from
- Data Science, Learning Theory and Design

m LA and LD are intrinsically interconnected
— They should be jointly employed

m Inter-stakeholder communication is essential
— using multiple design techniques and approaches

m Bring the human in the loop
- of these human processes of teaching and learning

m Support them with

— technological and conceptual tools
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