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• Advantages of game-based assessments

• Content design for realtime 3D learning environments

• Challenges

• Production and distribution

• Acceptance and adoption

• Scoring and validity concerns

• Suggested model

• Results and conclusions

Outline



3

Game-Based Assessments

• Can replace written assessments in measuring 
complex skills
• Think of problem solving, innovation and creativity, 

leadership

• Adopt psychometric models such as Evidence-
Centered Design

• Usually presented as 2D games with simple 
mechanics

• White-box vs. black box models
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SimCity Pollution Challenge
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GBA Application Areas

• Formative assessments – common

• Summative assessments – less common

• High-stakes assessments – very limited
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Content Design

• Content of GBA is not only textual
• Graphics (2D and 3D)

• Audio

• Levels and environments

• Roles and mechanics

• Special tools are needed to design content 
(too technical)
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Content Design Process

Design 
Document

Learning 
Objectives Game 

Software

Validation
Playable 
Game
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Content Design

• Multiple stakeholders involved

• Many layers between learning objectives 
and final product

• Time consuming
• A game needs to be developed

• Realtime 3D games = more complexity to 
the process
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Realtime 3D Game Content

• 3D models and animations

• Avatars and AI controlled characters

• 3D environment with details (textures, 
lighting, etc…)

• Sound effects

• Goals and objectives

• Heads-Up Display and player feedback

• Mature player control scheme

(all must serve learning objectives)
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AI-Controller Objects
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Player Perspective and HUD
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Challenges: 
Production and Distribution

• Game development, in general, is expensive

• Stakeholder speak different languages and 
look from different perspectives

• Publishing on multiple platforms adds more 
production costs

• Final production needs to be validated by 
domain experts
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Challenges: 
Acceptance and Adoption

• Most teachers are technophobic

• Schools lack appropriate technical 
infrastructure

• Scoring in-game actions and points is not 
always straightforward

• Validity concerns
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Assessment Validity

Written 
Assessment

• Reading and 
Comprehension

• Writing and 
Expression

Valid/Direct 
Scores
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Assessment Validity

Game-Based 
Assessment

• Technical skills
• Semiotics
• Real-time decision 

making
• Fine-motor skills
• Multi-tasking

Valid/Indirect 
Scores
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GBA Scoring

• In-game actions may not directly indicate 
possession of knowledge/skill in question

• Black-box scores are brief, but easier to 
interpret – answering the WHAT question

• White-box scores are detailed, but harder 
to interpret – answering the WHY question

• Psychometric frameworks like Evidence-
Centered Design are employed
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GBA Challenges Approached

• Content design

• Development, deployment and adoption

• Scoring and score validation
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Level Editors

• Do not require programming/design skills

• Allow domain experts to express learning 
objectives directly as in-game content

• Enable users to immediately test and 
modify the content before forwarding 
assessment to students
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Mobile Deployment

• 8 months working with schools and PCs 
200+ players

• 6 months on Google Play  1000+ players



28



29



30

Scoring

• Spatio-temporal game analytics were useful

• Manual vs. automated scoring (using expert 
systems)
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Validation with Multiple-Choice 
Questions

• Before playing a traffic situation, players 
were asked theoretical question about it

• Validation is performed by computing 
agreement between theoretical and 
practical results

• Kohen’s Kappa measure was used
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Conclusions

• Developing real-time 3D GBAs is a complex 
task

• Editors can help generating and validating 
3D game content in short time

• Interested domain experts are hard to find 
(unless paid)

• Mobile games are dominant, and target 
group has smartphones more than PCs
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Conclusions

• Expert systems are good candidate when 
scoring complex in-game behavior

• Game analytics tools are good at collecting 
and storing evidences in real-time 3D 
environments

• Enhancing UX helps achieving scores with 
higher validity
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Thanks for Attending

• Any questions?


