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CASE EXAMPLE 1:
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LEARNING ANALYTICS DEFINITION

”the 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”
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1st International Conference on Learning Analytics and Knowledge (2010). Website. Available: 
https://tekri.athabascau.ca/analytics/. 
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FUNDAMENTAL QUESTIONS OF LA
(WINNE 2017)
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Winne, P. H. (2017). Learning Analytics for Self-Regulated Learning. In Columbia University, USA, C. Lang, G. Siemens, 
University of Texas at Arlington, USA, A. Wise, New York University, USA, … University of Edinburgh, UK (Eds.), Handbook
of Learning Analytics (First, pp. 241–249). Society for Learning Analytics Research (SoLAR).

1. What data should be gathered?
2. What kind of LA interventions are valid?

3. Who generates data?
4. Who receives learning analytics?

5. What are learning analytics supposed to help improve?
6. What standards should be used to gauge improvement?
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GAŠEVIĆ, DAWSON & SIEMENS (2015)

”Computational aspects of learning analytics need to be
linked with the existing educational research if the field

of learning analytics is to deliver to its promise to 
understand and optimize learning.”
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Gašević, D., Dawson, S., & Siemens, G. (2015). Let’s not forget: Learning analytics are about learning. TechTrends, 59(1), 
64–71.
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• A review of 95 research papers on learning analytics dashboards

• Only 26 of dashboards relied on educational concepts and were empirically
evaluated

”This might indicate, that development of these tools is still
driven by the need to leverage the learning data available, 

rather than a clear pedagogical focus of improving learning”
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JIVET ET AL. (2017)

Jivet, I., Scheffel, M., Drachsler, H., & Specht, M. (2017). Awareness Is Not Enough: Pitfalls of Learning Analytics 
Dashboards in the Educational Practice. In Data Driven Approaches in Digital Education (pp. 82–96). Springer International 
Publishing.
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WHICH EDUCATIONAL THEORIES
LA NEEDS TO BE LINKED WITH?
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A few suggestions…

Self-regulated learning
Student engagement

Feedback
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SELF-REGULATED LEARNING (SRL)

Cognitive
aspects

Motivational
aspects

Emotional
aspects
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• Self-regulated learning is a core conceptual framework to understand the cognitive, 
motivational, and emotional aspects of learning (Panadero 2017)

Panadero, E. (2017). A Review of Self-regulated Learning: Six Models and Four Directions for Research. Frontiers in 
Psychology, 8, 422.

Planning, 
goal setting

Monitoring, 
control

Adapting, 
self-

reflection
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SELF-REGULATED LEARNING (SRL)

Dignath, C., & Büttner, G. (2008). Components of fostering self-regulated learning among students. A meta-analysis on 
intervention studies at primary and secondary school level. Metacognition and Learning, 3(3), 231–264.
Sitzmann, T., & Ely, K. (2011). A meta-analysis of self-regulated learning in work-related training and educational attainment: 
what we know and where we need to go. Psychological Bulletin, 137(3), 421–442.

• SRL interventions are successful ways to improve students’ learning!
(Dignath & Büttner, 2008; Sitzmann & Ely, 2011)

• SRL interventions include e.g.
• Self-assessment

• Concept mapping

• Learning diaries

• Learning analytics dashboards
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SRL AND LEARNING ANALYTICS

Winne, P. H. (2017). Learning Analytics for Self-Regulated Learning. In Columbia University, USA, C. Lang, G. Siemens, 
University of Texas at Arlington, USA, A. Wise, New York University, USA, … University of Edinburgh, UK (Eds.), Handbook
of Learning Analytics (First, pp. 241–249). Society for Learning Analytics Research (SoLAR).

• SRL theory can guide (Winne, 2017)

• what kind of measures are meaningful to capture

• how and when to deliver the analytics

• what kind of information should be provided to students to support SRL
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• Higher education students’ engagement in their studies is associated with higher
learning and achievement measures (Trowler, 2010) and lower risk for study burnout 
(Salmela-Aro & Read, 2017)
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STUDENT ENGAGEMENT

Trowler, V. (2010). Student engagement literature review. The Higher Education Academy, 11, 1–15.
Salmela-Aro, K., & Read, S. (2017). Study engagement and burnout profiles among Finnish higher education students. 
Burnout Research, 7, 21–28.
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”Engagement” in educational
research

A validated inventory with nine
multiple-choice questions

”Engagement” in some learning
analytics applications

Number of clicks on an LMS
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CONSTRUCT VALIDITY?

Salmela-Aro, K., & Upadaya, K. (2012). The Schoolwork Engagement Inventory. European Journal of Psychological
Assessment: Official Organ of the European Association of Psychological Assessment, 28(1), 60–67.
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• Feedback is one of the most powerful influences on learning and achievement (Hattie
& Timperley, 2007)
• Effective feedback answers three questions: Where am I going? How am I going? Where to 

next?
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FEEDBACK

Hattie, J., & Timperley, H. (2007). The Power of Feedback. Review of Educational Research, 77(1), 81–112.
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• Feedback is one of the most powerful influences on learning and achievement (Hattie
& Timperley, 2007)
• Effective feedback answers three questions: Where am I going? How am I going? Where to 

next?

• Learning analytics dashboards are feedback instruments and should be examined
within conceptual framework of feedback (Sedrakyan et al., 2018)

29/10/2018Joonas Pesonen: Learning Analytics as Part of a Dynamic Feedback System 26

FEEDBACK

Hattie, J., & Timperley, H. (2007). The Power of Feedback. Review of Educational Research, 77(1), 81–112.
Sedrakyan, G., Malmberg, J., Verbert, K., Järvelä, S., & Kirschner, P. A. (2018). Linking learning behavior analytics and 
learning science concepts: Designing a learning analytics dashboard for feedback to support learning regulation. Computers 
in Human Behavior.
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• Feedback is one of the most powerful influences on learning and achievement (Hattie
& Timperley, 2007)
• Effective feedback answers three questions: Where am I going? How am I going? Where to 

next?

• Learning analytics dashboards are feedback instruments and should be examined
within conceptual framework of feedback (Sedrakyan et al., 2018)

• With learning analytics methods, the provision of personalised feedback can be scaled
up (Pardo et al., 2017)
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FEEDBACK

Hattie, J., & Timperley, H. (2007). The Power of Feedback. Review of Educational Research, 77(1), 81–112.
Sedrakyan, G., Malmberg, J., Verbert, K., Järvelä, S., & Kirschner, P. A. (2018). Linking learning behavior analytics and 
learning science concepts: Designing a learning analytics dashboard for feedback to support learning regulation. Computers 
in Human Behavior.
Pardo, A., Jovanovic, J., Dawson, S., Gašević, D., & Mirriahi, N. (2017). Using learning analytics to scale the provision of 
personalised feedback. British Journal of Educational Technology: Journal of the Council for Educational Technology. 
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DATA GAP
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Data we have Data we need

Assignment
submissions

Resource use

Metacognition

Motivation

Emotions

Logins
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AZEVEDO (2015)
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Adapted from:
Azevedo, R. (2015). Defining and Measuring Engagement and Learning in Science: Conceptual, Theoretical, 
Methodological, and Analytical Issues. Educational Psychologist, 50(1), 84–94.

Data type Method/Tool Cognition Metacognition Emotion Motivation

Process Screen recordings YES YES NO NO

Think-aloud YES YES MAYBE MAYBE

Eye-tracking YES YES MAYBE MAYBE

Log files YES NO NO NO

Facial expressions NO NO YES NO

Physiological sensors YES NO YES MAYBE

Product Quizzes YES NO NO NO

Summaries YES NO NO NO

Self-reports Questionnaires YES YES YES YES

Knowledge Construction Note-taking and drawing YES NO NO NO

Classroom discourse YES YES YES YES
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AZEVEDO (2015)
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Adapted from:
Azevedo, R. (2015). Defining and Measuring Engagement and Learning in Science: Conceptual, Theoretical, 
Methodological, and Analytical Issues. Educational Psychologist, 50(1), 84–94.

Data type Method/Tool Cognition Metacognition Emotion Motivation

Process Screen recordings YES YES NO NO

Think-aloud YES YES MAYBE MAYBE

Eye-tracking YES YES MAYBE MAYBE

Log files YES NO NO NO

Facial expressions NO NO YES NO

Physiological sensors YES NO YES MAYBE

Product Quizzes YES NO NO NO

Summaries YES NO NO NO

Self-reports Questionnaires YES YES YES YES

Knowledge Construction Note-taking and drawing YES NO NO NO

Classroom discourse YES YES YES YES

We need process data to 
understand the dynamic
nature of learning! 
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AZEVEDO (2015)
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Adapted from:
Azevedo, R. (2015). Defining and Measuring Engagement and Learning in Science: Conceptual, Theoretical, 
Methodological, and Analytical Issues. Educational Psychologist, 50(1), 84–94.

Data type Method/Tool Cognition Metacognition Emotion Motivation

Process Screen recordings YES YES NO NO

Think-aloud YES YES MAYBE MAYBE

Eye-tracking YES YES MAYBE MAYBE

Log files YES NO NO NO

Facial expressions NO NO YES NO

Physiological sensors YES NO YES MAYBE

Product Quizzes YES NO NO NO

Summaries YES NO NO NO

Self-reports Questionnaires YES YES YES YES

Knowledge Construction Note-taking and drawing YES NO NO NO

Classroom discourse YES YES YES YES

We need process data to 
understand the dynamic
nature of learning! 

But data about emotion
and motivation is crucial
in understanding self-
regulation of learning!
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AZEVEDO (2015)
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Adapted from:
Azevedo, R. (2015). Defining and Measuring Engagement and Learning in Science: Conceptual, Theoretical, 
Methodological, and Analytical Issues. Educational Psychologist, 50(1), 84–94.

Data type Method/Tool Cognition Metacognition Emotion Motivation

Process Screen recordings YES YES NO NO

Think-aloud YES YES MAYBE MAYBE

Eye-tracking YES YES MAYBE MAYBE

Log files YES NO NO NO

Facial expressions NO NO YES NO

Physiological sensors YES NO YES MAYBE

Product Quizzes YES NO NO NO

Summaries YES NO NO NO

Self-reports Questionnaires YES YES YES YES

Knowledge Construction Note-taking and drawing YES NO NO NO

Classroom discourse YES YES YES YES

We need process data to be
able to capture the dynamic
nature of learning processes! 

But data about emotion
and motivation is crucial
in understanding self-
regulation of learning!

And these
methods don’t

sound like
they could be
scaled up!
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AZEVEDO (2015)
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Adapted from:
Azevedo, R. (2015). Defining and Measuring Engagement and Learning in Science: Conceptual, Theoretical, 
Methodological, and Analytical Issues. Educational Psychologist, 50(1), 84–94.

Data type Method/Tool Cognition Metacognition Emotion Motivation

Process Screen recordings YES YES NO NO

Think-aloud YES YES MAYBE MAYBE

Eye-tracking YES YES MAYBE MAYBE

Log files YES NO NO NO

Facial expressions NO NO YES NO

Physiological sensors YES NO YES MAYBE

Product Quizzes YES NO NO NO

Summaries YES NO NO NO

Self-reports Questionnaires YES YES YES YES

Knowledge Construction Note-taking and drawing YES NO NO NO

Classroom discourse YES YES YES YES

We need process data to be
able to capture the dynamic
nature of learning processes! 

But data about emotion
and motivation is crucial
in understanding self-
regulation of learning!

And these
methods don’t

sound like
they could be
scaled up!

(Except in 
China, maybe…)
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CASE EXAMPLE 1:

UNIVERSITY OF HELSINKI

UNIHOW - SUPPORT SYSTEM FOR
TEACHING AND LEARNING

”DYNAMIC FEEDBACK SYSTEM”
2

STRUCTURED LEARNING DIARIES:
A SCALABLE METHOD TO CONNECT LA WITH

INSTRUCTIONAL DESIGN AND 
CURRICULUM DESIGN



Faculty of Educational Sciences 29/10/2018Joonas Pesonen: Learning Analytics as Part of a Dynamic Feedback System 36

DIARIES
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DIARIES
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DIARIES
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DIARIES
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DIARIES
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DIARIES AS SELF-REPORTED PROCESS DATA
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Data type Method/Tool Cognition Metacognition Emotion Motivation

Process Screen recordings YES YES NO NO

Think-aloud YES YES MAYBE MAYBE

Eye-tracking YES YES MAYBE MAYBE

Log files YES NO NO NO

Facial expressions NO NO YES NO

Physiological sensors YES NO YES MAYBE

Product Quizzes YES NO NO NO

Summaries YES NO NO NO

Self-reports Questionnaires YES YES YES YES

Knowledge Construction Note-taking and drawing YES NO NO NO

Classroom discourse YES YES YES YES

Diaries! YES! YES! YES!       YES!
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• Diaries permit real-time recording of learning processes and have high ecological 
validity (Schmitz et al., 2011)
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(STRUCTURED) LEARNING DIARIES

Schmitz, B., Klug, J., & Schmidt, M. (2011). Assessing self-regulated learning using diary measures with university students. 
Handbook of Self-Regulation of Learning and Performance, 251–266.
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• Diaries permit real-time recording of learning processes and have high ecological 
validity (Schmitz et al., 2011)

• Diaries are measurement + intervetion instruments than can be used to measure and 
enhance students’ self-regulation skills (Panadero, Klug & Järvelä, 2016)
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(STRUCTURED) LEARNING DIARIES

Schmitz, B., Klug, J., & Schmidt, M. (2011). Assessing self-regulated learning using diary measures with university students. 
Handbook of Self-Regulation of Learning and Performance, 251–266.
Panadero, E., Klug, J., & Järvelä, S. (2016). Third wave of measurement in the self-regulated learning field: when
measurement and intervention come hand in hand. Scandinavian Journal of Educational Research, 60(6), 723–735.
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• Diaries permit real-time recording of learning processes and have high ecological 
validity (Schmitz et al., 2011)

• Diaries are measurement + intervetion instruments than can be used to measure and 
enhance students’ self-regulation skills (Panadero, Klug & Järvelä, 2016)

• Diaries allow using existing, validated research instruments (e.g. motivation and 
emotion questionnaires) (Klug et al., 2011)
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(STRUCTURED) LEARNING DIARIES

Schmitz, B., Klug, J., & Schmidt, M. (2011). Assessing self-regulated learning using diary measures with university students. 
Handbook of Self-Regulation of Learning and Performance, 251–266.
Panadero, E., Klug, J., & Järvelä, S. (2016). Third wave of measurement in the self-regulated learning field: when
measurement and intervention come hand in hand. Scandinavian Journal of Educational Research, 60(6), 723–735.
Klug, J., Ogrin, S., Keller, S., Ihringer, A., & Schmitz, B. (2011). A plea for self-regulated learning as a process: modelling, 
measuring and intervening. Psychological Test and Assessment Modeling, 53(1), 51–72.
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EDUCATIONAL MAPPING
(WILLCOX & HUANG, 2017)

Willcox, K. E., & Huang, L. (2017). Network models for mapping educational data. Design Science, 3. 
https://doi.org/10.1017/dsj.2017.18

• Curriculum as a network model

• Process of analyzing an educational system to identify entities, relationships and 
attributes

• Entities (programs, modules, courses, concepts, learning outcomes etc.) and 
relationships between them form a graph structure, which can then be used to 
represent, visualize and analyze educational data at scale
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CURRICULAR CONCEPT MAP
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CURRICULAR CONCEPT MAP
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CURRICULAR CONCEPT MAPS
AS STRUCTURED LEARNING DIARIES

Standardized items

Open items

Relationship items
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CURRICULAR CONCEPT MAPS
AS STRUCTURED LEARNING DIARIES
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• We are open for collaboration, development partnership or just demonstrating the
methodology in your institution
• Contact me (joonas.pesonen@helsinki.fi) or Ville Kivimäki (ville.kivimaki@aalto.fi)

• Currently involved institutions
• Aalto University (A!OLE funded development project)

• University of Helsinki (Petri Ihantola’s group at Faculty of Educational Sciences)

• Near future
• Evaluating the methodology with randomized controlled trials

• Building open source software to support this methodology

• Productizing the methodolgy so that it will be easy to bring into use in any educational
program
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JOIN US!
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3
CASE EXAMPLES



Faculty of Educational Sciences

• Weekly structured learning diary as an assignment on course which all degree
programme students (N~100) take

• On structured learning diaries, students reflect on their learning process (whole
program, not single course) and answer items on
• Their feeling of competence on different topics

• Their emotions experienced during studying different topics

• Their judgements on difficulty of different topics

• Relationships between different topics

• Data from diaries is anonymized, aggregated and provided to students and teachers in 
Moodle as learning analytics dashboards
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CASE 1: USING DYNAMIC FEEDBACK SYSTEM IN A 
MASTER’S PROGRAM AT AALTO UNIVERSITY
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• An exploratory project with Finnish National Agency for Education (Opetushallitus)

• Every curricula in Finnish vocational education analysed with LSA (Latent Semantic
Analysis)

• Similarity measure between study modules produced

• Can be visualised as a network of study modules
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CASE 2: USING ARTIFICIAL INTELLIGENCE WITH 
CURRICULUM DATA TO IDENTIFY CONNECTIONS
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Contact for collaboration:

joonas.pesonen@helsinki.fi
Joonas Pesonen, Educational Data Scientist @ LinkedIn

THANK YOU!
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