
Another kind of experimentation that it is also important in CS is the 

experimentation with human subjects. 

As we shall see, conducting experiments involving humans such as user studies is 

quite challenging for a number of reasons. 

In this talk, I’ll focus on experimentation in my own research fields, which are CG 

and VR.
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We can find good examples from these areas because they are user-centric. 
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The major goal of CG is to render images of 3D models, images that at the end 

will be seen by users.  So an important topic in CG, beyond the technology and 

the algorithms, is how do users perceive these images.
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VR goes a little bit further and combines multiple techniques (such as 

stereoscopic vision, and head tracking) to immerse users within the VE. So in VR, 

user’s perception and interaction with the VE is a central topic. 
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And 3D UI is an emerging field which studies the interaction of humans with VEs, 

in particular when the interaction tries to benefit from the many DoFs of the 

human body. We are able to control many joints simultaneously and some apps 

might benefit from this.

As you might guess, research in all these fields requires researchers to conduct 

user studies to evaluate their work.
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Let’s start with some examples from my own research fields.
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The first example is from CG and is visual equivalence problem.

These two images look pretty much the same, but the image on the right has 

been rendered with an algorithm which is much faster but less accurate.  

So the important question here is: under which conditions will users perceive 

these two images as the same?

And the answer to this question requires a user study.
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There are many metrics for comparing pairs of images, and the VDP is one of the 

best. 

However, according to this predictor, these two images should be perceived as 

completely different. 

However, the HVS is quite tolerant to errors in the reflections of glossy objects. 

This is why you can hardly see any difference. 

If you want to answer this question, it is not enough to have a strong background 

on statistics, you also need to know about psychophysics, which is the area of 

psychology that studies how we perceive different stimuli. 
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The second example is the evaluation of presence in VR systems, that is, to which 

extent users feel and behave as if physically present in the virtual world.

Users of IVR systems might forget about the real environment and the VE (the 

library in this case) can become the dominant reality. 
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The evaluation of presence is very important in many VR applications, for 

example, for pain relief. 

This burn patient has serious skin injuries. 

While getting care, the patient is wearing this VR display that shows this kind of 

frozen VE, so that he gets distracted. 

VR systems has been shown to be effective for pain relief.
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These images here are from the virtual pit room experiment, which is very well 

know in our community.

Users had to wear a HMD showing this environment where one room had a large 

pit in it. 

The task was to take one object to the chair. 

One of the most surprising results was that many participants didn’t take a 

straight path, but they tried avoid the pit, despite they knew there was no real 

pit. 

They also found a significant heart rate increase when in the pit room.

So a typical way of evaluating presence, beyond questionnaires, is by observing 

users’ behavior and measuring their physiological response. 

So that’s a second example where user studies are required.
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The last example is about the comparison of 3D UIs in terms of their usability. 

Imagine you want to solve this 3D puzzle. 

You can solve the puzzle in multiple ways, with a real puzzle, using keyboard and 

mouse, or using a Wii controller, as in this video.

For this task, users must be able to select the pieces, manipulate them, and 

explore the model from different viewpoints. 

So the important question here is: which UI is better in terms of usability.

The answer to this question requires again a user study.
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We’ve seen three examples where the evaluation of the results requires 

conducting user studies.

I will refer to these examples through the rest of my presentation. 
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This slide shows the typical steps of the empirical method.

So I’ll use these steps to guide this part of the presentation.
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First, you need to formulate a hypothesis, and make it testable.
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The problem is that you had to choose a particular task, which you take as 

representative. 
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So the question is: there always exists such a representative task?

Unfortunately this is not the case; because manipulation tasks include almost everything 

humans can do, from cooking a dish to repairing a car.

The task space is so large and heterogeneous that you cannot find a small set of 

representative tasks.

20



Continuing with the UI example, the most important variable is the interaction 

technique, with at least two conditions, Wii and mouse.

But there are also other variables that could certainly affect the experiment, such as 

Stereo viewing and CG quality, just to name a few. 

And the more variables you control, the more difficult the experiment will be.
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The decision is always controversial.
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You need to get the approval by the ethics committee, recruit participants, and get their 

informed consent. 
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Some ethical issues in user studies.

Another issue is frustration handling. Some users might not be able to complete the 

task, specially with novel VR equipment; it is important to tell users that you are testing 

the technology, not the participants’ abilities or education. 
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The next step is to run the experiment and collect data. 
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Data collection for VR experiments is often challenging.

Some experiments require you to measure easy variables such as time to complete the 

task and error counts, 

But other experiments require hard-to-collect data.

This is another difficulty.
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And you have to be careful about experimenter issues.

The placebo effect is very well know, 

The Hawthorne effect occurs when … 

The performance of this participant might change is somebody else, e.g. the previous 

participant, is observing. 

And if the observer is the researcher, who has a conflict of interest, then you can get the 

observer-expectancy effect: the researcher might manipulate the experiment 

unconsciously, using eg body language.
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Do we (as CS engineers) have enough background to conduct the user studies 

required to evaluate our own research?
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And my personal opinion is that this is not the case. 
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