
How to measure learning and

behaviour change in VR 

environments ?

Prof. Marcus Specht, Arno Freeke, Roland van Roijen, 

Michel Beerens, Bibeg Limbu, Nesse van der Meer

Faculty of EEMCS



Learning 
Objectives and 
Assessment of 

Outcomes

Cognitive, 
Knowledge, 

Skills
Affective Psychomotoric

Paradigm and 
Instructional 

Design, Learning 
Activities

Learning 
Theories

ID Methods, 
4CID, ADDIE

Standards, 
IMS LD

Implementation, 
Tooling

Which tools 
which 

services?

Design of new 
tools/ services 

?

blending ... 
hybrid ?





… affordances in summary

• Experiental learning is effective, freedom of 

exploration 

- can be overwhelming

• Immersive learning and focus and engagement

+ positive aspects for autism spectrum

• Deliberate practice

+ create safe space, scaffolding of situations

• Collaboration in and across platforms

+ reduced social anxiety, simulated situations, 





DOTS Model Assessment Instruments
|
|-- Career Decision-Making Tools

|   |-- Career Decision-Making Difficulties Questionnaire (CDDQ)
|   |-- Career Decision Self-Efficacy Scale (CDSE)

|
|-- Opportunity Awareness Tools
|   |-- Occupational Information Network (O*NET)

|   |-- Labour Market Information (LMI)
|

|-- Transition Learning Tools
|   |-- Career Transition Inventory (CTI)
|   |-- Work Values Inventory (WVI)

|
|-- Self Awareness Tools

|   |-- Strong Interest Inventory (SII)
|   |-- Myers-Briggs Type Indicator (MBTI)
|   |-- Holland Code (RIASEC)

|
|-- Comprehensive Career Assessment Tools

|   |-- Career Assessment Inventory (CAI)
|   |-- Self-Directed Search (SDS)
|

|-- Feedback and Reflection Tools
|   |-- 360-Degree Feedback

|   |-- Personal Development Plans (PDPs)
|
|-- Technological Tools

|   |-- Career Guidance Software (e.g., Kuder Navigator, Career Cruising)
|   |-- Online Portfolios

|
|-- Qualitative Assessment Methods

|-- Career Interviews

|-- Narrative Approaches



#1 Observing learner

behaviour in VR



Centre for 

Education and 

Learning



TU Delft Campus
Objects explored

NPC Interaction



Creative World

Objects created

Materials, 

Structures used



Survival World

Challenges 

achieved

Cooperation



Minecraft Escape Room 

Course Computer Organisation

• Learning about Logic Gates observing 

problem solving behaviour

Problems solved



Minecraft Geology Museum

• Information about different parts of a bigger process, 

tracking of exploration

Objects explored



Maritime Engineering 
Shipyard

• First year students

• Multiplayer 2-4 people

• 3 Tasks

• Find objects

• Use the crane
• Transport large section 

ship.



#2 Measuring at Scale



City at Eye Level

• Test architect Design in VR

• Eye Tracking

• Evaluate pedestrians walking and 

viewing behavior

• Find points of Interest in design.



Desktop XR Apps

• Scalable XR!

• Webapp (No Headset)

• Virtual space in a browser

• Can be used in courses

• Re-usable 3D content
• Functions from gaming engines

• Inter-active Serious Gaming.





360 Applications

• Scalable XR!

• New Service & NMC

• 360 Photo or Video

• Add 3D Models & animation

• Add info, images and video
• Add quiz

• Both Headset & Desktop

• Play in all mayor browsers.



#2 Capturing expert 

performance in VR



WEKIT

Expert 

Performance

Expert 

Performance

Expert 

Performance



Practice explored

Performance

Practice, 

Repetition



Calligraphy 
Trainer: 
Handwriting 
Feedback

Limbu, B. H., Jarodzka, H., Klemke, R., & Specht, M. 
(2019). Can you ink while you blink? Assessing mental 
effort in a sensor-based calligraphy trainer.
Sensors, 19(14), 3244.



GuitarJam (Student Project 2022)

• Objective: Learn how to play the Guitar

• Practice on Specific Chord changes

• Senseglove for creating expert recordings

• For giving instruction and feedback

Expert 

Performance

Practice



Capturing Expert 

Performance

Annotation, 

Preprocessing

ML Classifier

Observing Student 

Behaviour

Aggregated 

Learning Analytics 
(LAD)

On Task 

Feedback

Task Scaffolding

Deliberate 

Practice

…



#3 Structuring

Collaboration in VR



Collaboration in AR

– Interaction with AR Model 

and physical devices

– Loading of different 

pathologies for

diagnostics training

– Collaborative exploration

and diagnostics

– Foot, Lung and other

models used in education
2
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Collaboration in VR



3: Experiment

Visualization of actions

1: Vision cones
– Visualization of a user’s view

– Others can see what is (and isn’t) 

inside a user’s vision

– Does knowing what your group 

members are (and aren’t) looking at 

create a higher level of shared 

situational awareness and 

transactivity?

Visualization of actions

2: Highlighting / pinging
– Ability to highlight anything considered 

a point of interest

– Used (at will) to attract the attention of 

other users

– Does the ability to point out any 

elements of interest at will, both from 

far away and up close, create a higher 

level of shared situational awareness 

and transactivity?



Thanks



Conclusion and Discussion 

- Pregiven sensors built into the system

- Eyetracking, movement, pointing, deictic references, 

- Object interaction, 

- NPC scaffolding, 

- Collaboration sensors

• Task manipulation (4CID)

- Support, Procedural, Part Task

Simplication

- Scaffolding
- Highlighting, Prompting



Conclusion and Discussion 

• Single user learning objectives and selection of indicators can 

be nicely linked to performance objectives considering

- Capturing, expert performance

- Observation, model practice
- Exploration, object and task level

- Practice and Training

- Problem Solving

- Collaboration
- Monitoring of practice (real-time feedback)

- Demonstration of practice 

- Information distribution for collaborative tasks
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