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• Computer scientists and engineers must be able to design and conduct 
experiments to test:

– new algorithms and methods, 

– hardware and software systems

• Empirical methods are not a very usual subject in CS/CE, yet there is an 
increased awareness 

• They are very important to HCI, and often address in courses

• Usually not addressed in CG courses

Motivation
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• Empirical methods is an important, yet complex subject

• We have been using controlled experiments carried out in the scope of 
actual research work to introduce students to empirical methods

• Bologna 2nd cycle qualifications are awarded to students who:
“have demonstrated knowledge and understanding … that provides a basis 
or opportunity for originality in developing and/or applying ideas, often within 
a research context” (Dublin descriptors)
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• User studies are a particularly challenging type of empirical method due to:
– complexity and variability of the human cognitive and perceptual

systems, 

– specific ethical issues involved

• are important to evaluate Computer Graphics and Human-Computer 
Interaction “products” to be used or perceived by humans 
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Two controlled experiments
(user studies)

• Comparing simplification methods of polygonal meshes concerning 
perceived quality – CG courses

• Comparing Virtual Reality platforms concerning usability for navigation tasks 
in large scale virtual environments– HCI courses

Performed throughout several semesters
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Comparing simplification methods of polygonal meshes concerning 
perceived quality

• Implied the consideration of several issues:

• initial null hypothesis: perceived quality is the same for all simplification 
methods and levels; 

– independent variables: simplification method and level (3x2)?
– dependent variables: perceived quality (how to measure?)
– secondary varibles (what and how to measure?)
– experimental design (within-groups or between groups?)
– protocol (what tasks and questions to the observers?)
– dataset (which mesh models? how many) 
– participants (how many, what profile?)
– statistical analysis

Controlled experiment #1
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• This experiment was performed with students as participants:

– Visual Computing, 4th year
– 3D Modeling and Visualization, 5th year

– during practical classes, all students involved simultaneously
– after having been introduced to polygonal meshes 

– before the experiment only general objectives were presented

– experiment details were presented after the experiment
– later, available results were discussed

– final results were posted on the course web-page 
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Data set

Original  simplified by:    method #1 method #2                   method #3     



EG2009 – Education papers, Munich, April 2009
10

Protocol

1rst phase: preferences

2nd phase: ratings

Main measures: preferences and ratings

Experimental design: within-groups

Other collected data:
decision times, n. of interactions, profile
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Statistical Analysis

Methods:
EDA Exploratory Data Analysis
Non-parametric tests
Correspondence Analysis
Cluster analysis
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Comparing low cost VR platforms concerning usability

• Implied the consideration of several issues:

• initial null hypothesis: participants’ performance, satisfaction and comfort is 
the same in all platforms; 

– other hypothesis?
– independent variables: platform (3 levels); other variables?
– dependent variables: performance, comfort and satisfaction (how to 

measure?)
– Secondary variables (what and how to measure)
– experimental design (within-groups/between groups?)
– protocol (what tasks and questions to users? what observations?)
– participants (how many, what profile?)
– statistical analysis

Controlled experiment #2
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• different roles were assigned to students according to their maturity: 

– students in introductory courses - participants or experimenters, 

carrying out a previously planned experiment 

– advanced and more interested students - design their own experiment
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With younger students, in HCI courses (3rd year),  as participants: 

• the experiment was performed in a room near the practical classes

• during practical classes, 3 students left at a time to participate

• before the experiment only general objectives were presented

• experiment details were presented after the experiment

• later, available results were discussed

• final results were posted on the course web-page 
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With older students (HCI course, 5th year),  as experimental designers and 
experimenters

• the experiment was performed out of practical classes

• during practical classes, the design and logistics were discussed

• before the experiment, a summary of the plan was presented to all students

• all students were invited to observe the experiment 

• later, available results were discussed in class

• A conference paper was writen with the help of the students and posted on the 
course web-page 
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Platforms compared

HMD setup

Projection 
screen setup

Desktop
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VR experiment 

Experimental design: 
within groups
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Statistical Analysis

Methods:
EDA Exploratory Data Analysis
Non-parametric tests
Correspondence Analysis
Cluster analysis
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• Already performed studies:

– evaluating a polygonal-mesh analysis tool (interface and visualization 
aspects)

– comparing users’ performance while using the HMD with a joystick and 
a mouse 

– studying the influence of familiarity with the HMD

• Next studies :

– testing the integration of 3D sound in a VR system

– comparing “home made” input devices with other devices

Other studies
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• We introduce students to empirical methods, and simultaneously 
promote contact with real on-going research work

• Students are generally motivated and give many ideas

But:

• It involves a lot of preparation 

• It implies a careful consideration of several issues:
– which experiment is more adequate to which course type 

(subject and level), 
– the impact the experiment should have in classes
– which role students should play
– what, how and when should information be given
– how to compensate students as participants

Final remarks



EG2009 – Education papers, Munich, April 2009
21

We thank all students that contributed to these studies, either as experimental 
designers, experimenters or subjects, for their effort and patience:

without them, this work would not have been possible! 

Questions?
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