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BackgroundBackground
● Basic course on spatial data algorithms at Helsinki 

University of Technology
● Students major in geoinformatics

■ Typically course is taken on the third study year

■ Students have some background in both geoinformatics 
and computer science

● The goal is to teach basic SDA on conceptual level
● Problem: Students do not learn very well

■ Do not grasp the main concepts and application areas of 
many algorithms discussed on the course



Proposed SolutionProposed Solution
● Add meaningful tasks that help the students to 

build better mental models of the data structures 
and algorithms
● details:

■ Use visualization

■ Design tasks that can be solved whenever and where-
ever

■ Make tasks automatically assessed

● Solution: Visual algorithm simulation with 
automatic assessment



Algorithm visualizationAlgorithm visualization
● Visual representation of data structure or algorithm
● Uses commonly recognized views and animation
● Requires meaningful interaction in order to 

facilitate learning



Common viewsCommon views



Algorithm simulationAlgorithm simulation
● manual manipulation of data structures in order to 

duplicate modifications a real algorithm would do
● Can be done using pen and paper...
● ...or in a system that supports the manipulation of 

data structures
■ In visual algorithm simulation the manipulation is done 

by modifying data structure visualizations

● Goal is to understand how an algorithm works on a 
conceptual level without having to dive into the 
implementation details



TRAKLA2TRAKLA2
● A system for delivering and automatically 

assessing visual algorithm simulation exercises
■ Mainly covers basic data structures and algorithms

● A dynamic web environment and a Java applet
■ All course management in the web environment

■ Exercises solved using the Java applet

● Some features:
■ Supports multiple submissions

◆New input each time learner tries to solve an exercise

■ Automatic assessment and immediate feedback



SDA in TRAKLA2SDA in TRAKLA2
● First expansion of TRAKLA2 beyond basic data 

structures and algorithms
● Covers structures and algorithms for 2D data

■ Geoinformatics is the main application area

● Required several extensions to the framework
■ Support for multidimensional data items

■ 2D visualization of data items

◆Required for illustrating how data items relate to one other



ExampleExample



Spatial Exercises in T2Spatial Exercises in T2
● Currently 11 exercises ready for deployment

■ Plus approximately a dozen exercises either under 
construction or in planning stages

● Automatically assessed, meaningful tasks that 
students can solve where-ever and whenever they 
want.
● All exercises can be solved visually



List of ExercisesList of Exercises



Example: Douglas-PeuckerExample: Douglas-Peucker



Example (cont.)Example (cont.)



Example (cont.)Example (cont.)



Example (end)Example (end)



Example: Web environmentExample: Web environment



ExperiencesExperiences
● Has been used on basic spatial data structures 

course at Helsinki University of Technology
● 9 TRAKLA2 exercises, 15 students on the course
● System divided student opinions

■ Most think the system is useful and exercises suitably 
challenging, however

● All students passed exercises
● Learning results have not been analyzed yet



Final remarksFinal remarks
● The system is freely available

■ Java applet and exercises have been publised under GPL

■ Web environment will soon be published under Apache 
License

● You can try the exercises (and the web 
environment) at 
http://www.cs.hut.fi/Research/TRAKLA2/exercises/index.html

● Or just google TRAKLA2
● Questions?


