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Abstract. Accessibility assessment for ICT software products and human-
machine interfaces is rapidly gaining increasing significance within the research 
and development (R&D) cycle of new products, as the population of aging us-
ers increases. Through VERITAS automatic simulation framework, we eva-
luated both Virtual User Models (VUMs) and the simulation framework and its 
results by conducting a series of pilot tests that involved elderly users using user 
interfaces in Infotainment and Games. The followed methodology and simula-
tion results are presented with respect to the scores of actual users performing 
the same tasks as VUMs. Finally, the comparison between the actual user’s and 
virtual models performance is used for VUM optimization. 
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1 Introduction 

Accessibility assessment for ICT software products and human-machine interfaces is 
rapidly gaining increasing significance within the R&D cycle of new products, as the 
population of aging users increases. To that effect, under the VERITAS EU-funded 
research project [2] [8] we have developed Virtual User Models (VUM) that reflect 
elderly users’ capabilities and impairments, simulation models that reflect the major 
aspects of a User Interface (UI) as well as the interaction parameters that define it in a 
similar manner to other research efforts in this area [3] [4]. 

The history of user modeling has been through modeling of reflective behaviors to 
conceptual (and not computational) models of 80's, and most modern approaches 
which used physical body and cognitive processors [7]. In the most recent projects, 
VUM-based solutions for inclusive design are based on simulation testing on early 
phases of the product development. Such an approach is VICON which also supports 
designers in interface development having the evaluation phase to offer qualitative 
and quantitative design recommendations [6]. GUIDE offer designers a software 
framework to create adaptive tv interfaces (emerging Web & TV platforms and ser-
vices) for the elderly and moderately impaired users [5]. On the other hand, MuUI 
project collect user profiles, social constructs and context information for interface 
customization [1]. 
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Our automatic simulation framework can test several accessibility aspects of user 
interfaces and identify problems in the early design stage without the need to involve 
real user trials. In order to evaluate both our VUMs, as well as our simulation frame-
work and validate our approach and its results, we have conducted a series of pilot 
tests that involved elderly users using a Metaverse interface. 

2 Analysis of the Methods 

The proposed method can be divided into five major phases, each one divided into 
discrete steps. The followed methodology is discussed in more detail in the following 
sections with respect to the order each phase appears in Figure 1. Note that after the 
Preparatory phase which comes first, the Metaverse interface assessment using VUMs 
(Phase 2) and the one using actual users (Phase 3), together with the redesign of the 
interface (Phase 4) are making a loop. This study describes the two first cycles which 
are considered enough to conclude about which design characteristics the Metaverse 
interface should have in order to be accessible, following the design-for-all-principle. 

2.1 Preparatory Phase 

Second Life, as a popular socially-awared virtual environment (Metaverse) was cho-
sen as the testing application to apply VERITAS methodology for the infotainment 
application area. The OpenSim server was used to create a virtual environment which 
would allow distant visitors to create content, meet others, exchange messages and 
share files on a SecondLife implementation (island) which run independently of oth-
ers. A new SecondLife viewer was engineered to be the Metaverse testing interface. It 
consisted of a simulated virtual world being viewed through a 3D interactive view and 
common GUI widgets like menus, buttons, panels and windows. 

The accessibility assessment of the Metaverse viewer was performed by VUMs 
and actual users who executed sets of well-defined tasks called ‘scenarios’. During 
the scenario development, common everyday tasks were group together such as enter 
the Metaverse (user authentication), change outfit, create, pan and rotate a 3D object, 
perform near and far avatar navigation, met other visitors, initiate chatting and share 
files and folders.  

Automatic accessibility evaluation using the simulator (VERITAS Simulation 
Core) requires that one or more VUMs will be used to perform the tasks described in 
scenarios. Virtual User Models (VUMs) were created using a custom-made tool 
which takes as input the percentile of an elderly or impaired person (the correspond-
ing level of similarity to the targeted group, e.g. Parkinsonians), the visual, acoustic or 
motor impairment and exports a persona file with anthropometrics. For this study, 
four (N=4) VUMs were created: Elderly at the 50th percentile, Elderly at the 90th 
percentile, Parkinson’s disease at the 50th percentile, Parkinson’s disease at the  
90th percentile and Stroke at the 50th percentile. To apply the 'design for all' principle 
in industrial design, simulating cognitive and behavior mechanisms have been  
considered critical. VUM creation was based on ACT-R architecture (from Carnegie 
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Mellon University), which has provided us a conceptual framework for creating mod-
els of how people perform tasks. 

The recruitment of elderly persons who would test the Metaverse interface was 
made after some basic inclusion criteria were applied. Such criteria included age over 
60, a good health status, basic computer driving skills, personal willingness to partici-
pate and schedule availability. 

 

Fig. 1. The followed methodology schematically presented 
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2.2 Test the Metaverse Interface Using Virtual User Models 

The metrics to be used to determine performance primarily were the scenario dura-
tion, that is the time needed to complete all the tasks included in a given scenario and 
the total number of interaction events during a session. The reports produced by the 
simulator extracted the success rate, number of interaction events and duration. Figure 
2 presents the duration results per scenario and per VUM category. The highest com-
pletion time were recorded on T13 where VUMs needed 165 sec on average. This, 
along with sharing folder with another user (T20) and uploading a file (T07T08T09) 
constitute the most time-consuming scenarios. Elderly had an error rate of 0.711, 
while Parkinsonians had 0.337. Scenarios which require long interaction times are 
more likely to fail given the error rates stated previously. Thus, redesign of the GUI 
towards associability should start from the most sensitive areas which are menu item 
selections in 2D and 3D object manipulation in the immersive part of the screen (3D 
Metaverse window). 

 

 

Fig. 2. Task completion time in seconds for each task model in original application design 

2.3 Test the Metaverse Interface Using Actual Users 

This phase is about conducting pilot tests on the same interface design with actual 
elderly users that correspond to the models used in the previous step. The group of 
testers consisted of twenty elderly persons (N=20). Half of the participants were  



292 A. Tsakiris, I. Paliokas, and D. Tzovaras 

 

54-74 years old with an average of 66.25. Both genders were equally represented 
(50% males-50% females). At the time of the interview, the 88.24% implied no spe-
cific illness and the rest preferred not to say. The most common impairment men-
tioned was the low vision by 45.83%. Regarding the use of computers and the level of 
their confidence, the 55% of the users said they feel average computer users and the 
rest 45% consider themselves novice computer users. 

After a short introduction on the scopes of the project and the procedure to be fol-
lowed during the pilot tests, participants were demonstrated by research personnel all 
tasks involved in the infotainment scenarios. With printer instructions in hand, the 
elderly testers performed the same tasks while their activity was recorded in log files. 
By interaction events it is meant the input device activity, made on GUI elements and 
captured in the Operating System layer. Events raised in the Metaverse interface by 
user activity (such as mouse clicks, keystrokes and/or joystick events) were captured 
by a custom-made tool developed to offer automatic and uniform logging of user’s 
performance. The Log files produced by the capturer were statistically processed to 
extract the number of interaction events and the overall duration per scenario. 

 

Fig. 3. Durations (sec) and Number of Interaction Events recorded by the OpUs and the elderly 

Log files were processed according to the scenario files (USI files) specification to 
come up with reports about task completion times, number and kind of events pro-
duced by input devices. For comparison reasons, measures of an optimal user had to 
be produced. A young middle-aged person was used to produce optimal recordings 
for each performing scenario. Those optimal recordings should be compared with the 
average elderly user at later stages of the study. 

In overall, an average difference of 554.69% in duration between the OpUs and the 
average elderly was calculated by all scenarios. Similarly, the difference on the num-
ber of events was calculated equal to 44.45%. Among the most strained scenarios was 
those dealing with 3D objects manipulation. For example, apply 90 degrees rotation 
on 3D objects along the three axes (indicated in the immersive window as Green, and 
Red axes as seen in Figure 4). 
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Fig. 4. The Metaverse interface: the first design (left) and the second design (right) 

2.4 Redesign the Interface Towards Accessibility 

Generally speaking, the first GUI design was found to have distracting features and 
the fact that there were a plethora of controls over layered windowed dialogs was 
possible to create information overload to the elderly testers. The elderly’s deflected 
attention could be caused by the density of the GUI visual components. Results of the 
first pilot study with beneficiaries showed that there is enough room for making the 
features of the Metaverse interface more accessible for the target audiences studied so 
far. During the redesign phase, emphasis was given on the controls and interface fea-
tures which were involved in the most strained scenarios. A visual comparison  
between the old and the new interface can be made on Figure 2. The 3D object ma-
nipulation dialogs and the visual indicators (handles) involved in 3D operations were 
redesigned to give wider areas of interaction. For example, it was assumed that the 
thicker rotation rings (Figure 4) could help elderly testers to handle 3D objects in 
more confidence and make more accurate actions. Also, all visual controls (like but-
tons and menu items) were scaled up by a factor of 50% and separated enough in 
space so as to have some empty space in between to eliminate fault mouse clicks.  

2.5 Second Iteration of Pilot Tests 

After the redesign of the Metaverse interface, a second testing cycle (indicated as 
phases 2, 3 and 4 in Figure 1) should confirm or reject the changes made in the inter-
face. The results of every pilot test provide the GUI designers with feedback about the 
most recent changes and how those changes enhance the accessibility of the interface.  

Figure 5 presents the results of the VUMs performing the same scenarios on the 
second interface design. Parkinsonians, in both percentiles (50% and 90%), still need 
more time in 3D object manipulation tasks than the healthy elderly (T12 and T13). On 
the other hand, they were slightly faster in 3d object contruction (T10-22) and moving 
(T14) and apparently faster than the elderly in content sharing (T20). Figure 6 shows 
the differences in VUM scores between the first and the second iteration of pilot tests.  

There is substantial improvement both on the average completion times of the tasks 
carried out using the improved design over the initial one. With larger UI elements, 
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fonts and 3D objects, the interaction becomes easier and the virtual users perform the 
tasks faster. The size increment in all UI elements to the 140% of their original size 
has resulted in an average improvement of 46% less errors through all task, as well as 
around 44% less time required to complete the scenarios. 

 

Fig. 5. Task completion times of VUMs using the new GUI design (in sec) 

 

Fig. 6. Comparison results of the VUM’s time scores (in sec) between the 1st and the 2nd test 
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A second iteration of pilot test using actual users was also needed to make safe 
conclusions. The majority of the testers (N=20) had already taken part in the first pilot 
test and they were familiar with the evaluation procedures. Others were invited by 
phone using day care organizations and local social networks, as in the first pilot 
study. Finally, the 70% of participants were returning testers. The results of  
the second test (second design) are presented in Table 1 in comparison with those of 
the first one. The negative sign in percentage differences indicate a positive result as 
the durations required to complete the scenarios are decreased in the case of the im-
proved GUI design. Figure 7 graphically presents the differences between the two 
pilot tests, while the Optimal User is mentioned as a reference. 

In general, apart from T14, which seems to have been stayed almost unchanged 
during the second test, all other scenarios were performed faster in the second GUI 
design. The T20, which was one of the most difficult and complex scenario, appears 
to have been benefited the most. In all scenario average, the duration of tasks was 
reduced by 14.09% and the number of interaction tasks was varying. It appears that 
moving a 3D object (T14) required more interaction in the second design than in the 
first one, but similar results can explained by the fact that elderly users were trying to 
achieve more accuracy in certain scenarios (especially on moving and rotating 3D 
objects) during the second pilot test. 

Table 1. Results of the second design using real elderly users 

Overall Duration in sec Number of Interaction Events 

Scenarios 
1st Itera-

tion 
2nd Ite-
ration Diff% 

1st Itera-
tion 

2nd Ite-
ration Diff% 

T01T02T03 72,00 67,00 -6,94 57,19 56,84 -0,61 

T04T05T06 54,00 47,00 -12,96 13,60 13,60 0,00 

T07T08T09 114,00 103,00 -9,65 24,68 26,80 8,59 

T10T11 43,00 36,00 -16,28 12,00 12,43 3,58 

T12 71,00 62,00 -12,68 16,50 16,05 -2,73 

T13 66,00 64,00 -3,03 18,47 21,47 16,24 

T14 62,00 64,00 3,23 18,06 25,70 42,30 

T15 20,00 15,00 -25,00 8,90 7,75 -12,92 

T16 39,00 33,00 -15,38 31,90 30,30 -5,02 

T17 14,00 9,00 -35,71 6,05 4,85 -19,83 

T18 6,00 5,00 -16,67 4,45 5,05 13,48 

T19 52,00 45,00 -13,46 26,47 26,63 0,61 

T20 113,00 92,00 -18,58 40,67 39,33 -3,29 

Avg. Duration diff.% -14,09 Avg. Events diff.% 3,11 
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Fig. 7. An overall comparison chart: Scenario durations (elderly scores in sec) for the first and 
the second GUI design (Optimal User’s scores are presented as a reference) 

2.6 Optimize VUMs and Simulation Framework 

The helix which appears in the middle of the VERITAS methodology and involves 
phases 2, 3 and 4 serves in redesigning the products before testing them and also in 
optimization of the VUM themselves. The philosophy behind virtual model develop-
ment is to design models which can be reusable in testing of a wide range of products 
and in varying use case scenarios. Following a deterministic approach, the VUM 
scores of every previous test is used to predict in more accuracy the behavior of the 
actual end users in future. The way to perform this VUM optimization process is de-
scribed below. 

The outcome of each pilot test which was based on a revised version of the inter-
face include measures of the VUM and actual testers performance. By comparing the 
scores of actual users and VUMs we can make VUMs to be better predictors of the 
corresponding target group. The proposed method to eliminate the expected differ-
ences in future tests, and thus to maximize the VUMs reusability and the quality of 
the results, is to apply the right settings in the VUM parameters. Solving the inverse 
error estimation problem, we finally compute which motor and cognitive parameters 
should be updated and by which factor in order to eliminate the differences to the 
scores of the actual elderly users.  

The optimization process in the studied infotainment example gave strong fixing in 
time scores. Table 2 is a comparison between the scores of the actual users and the 
corresponding virtual user models recorded during the two iterations of pilot tests. 
Indeed, the average difference between actual users and VUMs was reduced from 
64.48% to 41.17%. If more testing cycles would have been performed, then the pre-
diction quality of the VUMs could be even better. In most cases, two or three itera-
tions of the testing process (involving the same interface design when targeting in 
VUM optimization only) is enough to make VUMs effective predictors of the end 
user’s behavior on new interfaces. 
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Table 2. Differences between the time scores of elderly and their corresponding VUMs (in sec) 

Scenario 

1st Iteration 2nd Iteration 

Actual VUM50 Diff Actual VUM50 Diff 
T01-T03 72 25 65,28 67 17 74,63 

T04-T06 54 47 12,96 47 32 31,91 

T07-T09 114 118 3,51 103 80 22,33 

T10-T11 43 35 18,60 36 23 36,11 

T12 71 82 15,49 62 60 3,23 

T13 66 165 150,00 64 104 62,50 

T14 62 90 45,16 64 64 0,00 

T15 20 36 80,00 15 23 53,33 

T16 39 18 53,85 33 8 75,76 

T17 14 28 100,00 9 12 33,33 

T18 6 19 216,67 5 8 60,00 

T19 52 19 63,46 45 10 77,78 

T20 113 128 13,27 92 96 4,35 

Average Difference 64,48  Average Difference 41,17 

3 Conclusion 

Using Virtual User Models (VUMs) in interface accessibility assessment will help GUI 
designers to evaluate their drafts and first prototypes, and be suggested what to avoid 
when designing products for all. The discrete steps of the proposed methodology were 
described, having SecondLife as an infotainment case study in a practical guide. The 
interface design of 3D and 2D UI elements of a custom-made SecondLife Viewer was 
modified according to changes indicated by the scores of VUMs over stated qualities 
(total scenario duration and number of interaction events). The VUM results were con-
firmed by real elderly users after two iterations of pilots tests in good accuracy.  

The comparison between results of the first and second pilot iterations with real 
users showed that most users prefer the bigger UI and 3D GUI elements, like the rota-
tion rings and translation arrows and stronger contrast on colours in most cases. Tests 
with VUMs, as well as with real elderly users gave smaller completion times in the 
second GUI design. 

Repeating the helix in the test-and-redesign method can achieve better accuracy in 
predicting end user’s performance in future tests. Possibly, there always will be some 
noise in experimental data and limitations regarding VUM prediction expectations. 
Prediction accuracy based on a set of metrics is not a panacea as only the positive or 
negative sign in percentage differences of scores between two pilot tests can be inter-
preted by the interface designer. Numerical values can show the strength of the posi-
tive or negative indicator.  

Figure 5 presents the results of the VUMs performing the same scenarios on the 
second interface design. Parkinsonians, in both percentiles (50% and 90%), still need 
more time in 3D object manipulation tasks than the healthy elderly (T12 and T13). On 
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the other hand, they were slightly faster in 3d object contruction (T10-22) and moving 
(T14) and apparently faster than the elderly in content sharing (T20). Figure 6 shows 
the differences in VUM scores between the first and the second iteration of pilot tests.  

There is substantial improvement both on the average completion times of the tasks 
carried out using the improved design over the initial one. With larger UI elements, 
fonts and 3D objects, the interaction becomes easier and the virtual users perform the 
tasks faster. The size increment in all UI elements to the 140% of their original size 
has resulted in an average improvement of 46% less errors through all task, as well as 
around 44% less time required to complete the scenarios. 

Our main area of improvement in the future is to develop an army of VUMs for all 
motor, hearing and cognitive impairments and also for age-related inclinations, taking 
into consideration factors other than those related to the health status. For example, 
various psychological parameters (e.g. the level of stress), the social context, and the 
interests of the target audiences.  
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