
APPENDIX B

Domain Model

For the current project a context is offered that represents a demanding task comparable 
to  the task of  an  air  traffic  controller  or  a  navy officer  on a  ship  (see  Chapter  7  of 
Integrative Modelling 1). Main characteristics of the type of task considered are:

• it has elements of monitoring, inspection and analysis of a visually represented 
environment

• it has elements of deciding on and performing actions to cope with circumstances 
that require intervention

• work load may vary over time and at times may become stressful and exhausting  
• (visual) attention plays an important role

This context has been given the form of a (simplified)  simulated environment  (called 
Missile Command) to perform such a type of task. More specifically, the idea is that a 
person has  to  (1)  inspect  visually  displayed  moving  objects  in  the  environment,  and 
identify whether such an object is dangerous (hostile) or not (friendly), and (2) for each 
of such objects,  depending on the identification perform some actions.  The person in 
charge (called player) faces objects falling from the top towards the bottom of the screen. 
The player’s task consists in classifying each object as ally or enemy, and shooting down 
the enemies while letting allies land safely. For full description of the game see Appendix 
A.  To perform this demanding task, it is important to have sufficient visual attention. In 
such a situation, a player may be assisted by an ambient agent that keeps track of where 
his or her attention is, and provide support in case the attention is not where it should be. 
To this end, the agent exploits a domain model of the state of attention of the player over 
time. Below the domain model for attentional processes of the player is described. The 
idea behind the model is the following.
The player’s attention at the current point in time is distributed over all objects on the 
screen (incoming unidentified objects, the object that displayed formulas, identified ally- 
and enemy-indications).  Some objects get more attention – higher  attention level AV, 
while other objects get less attention – lower attention level  AV. This depends on two 
main aspects.  One is  the  distance between the object  and the player’s gaze direction 
(where is the player  currently looking at?): the shorter the distance between the gaze 
target and the object, the higher attention level of this object is, and vice versa – the more 
distance between the gaze target and the object, the lower the attention level AV of this 
object. Another main aspect is an object’s potential (capability) for attracting a player’s  
attention based on the object’s characteristics (such as brightness and size, for example: 
a brighter and larger object attracts more attention). How are these attention levels AV of 
objects on the screen determined?

The first step is for each object on the screen to determine its potential for attracting a 
player’s attention according to characteristics it has. Suppose our chosen object  O has 
two  characteristics,  brightness  and  size,  which  have  numerical  values  V1 and  V2, 



respectively.  Then  the  value  of  the  potential  of  the  object  O  for  attracting  player’s 
attention at the current moment is calculated as

 w1   * V1 + w2   * V2 

 where  w1 and  w2 are parameters  (weights)  reflecting  the  relative  importance  of  the 
brightness and size, respectively; w1 and w2 are both real numbers between 0 and 1. Thus, 
the current potential of an object gets a numerical value. When multiple characteristics 
Ci are at play, the attention-attracting potential of an object O is expressed by the formula 

∑i=1

N wi * Vi 

where  Vi is the value of the characteristic  Ci.  The precise choice of the characteristics 
together with the values of the corresponding weights is up to the students.

The next step is that the player’s gaze location has to be taken into account, in order to 
combine it with the potential of an object for attracting the player’s attention; a (gaze or 
object) location is indicated by a point on the screen, represented by a pair of coordinates 
(x,y) with respect to horizontal and vertical axes for the screen.  The further away the 
player’s gaze location is from the object location, the less that object is drawing attention. 
Therefore  to  obtain  an  attention  value  of  a  given  object  its  potential  for  attracting 
attention is adjusted for gaze location: the current potential of the object for attraction 
player’s attention is divided by a function depending on the player’s gaze location:

 V(O) = ( ∑i=1

N
wi * Vi  )  / (1 + α * d(O, G)2 ). 

Here d(O, G) is the Euclidean distance between the object O and the player’s gaze G. If 
the gaze is represented by coordinates  (x1, y1)  and the object’s location coordinates are 
(x2, y2) then d(O, G) can be determined as 

√(x1-x2) 2 + (y1-y2)2 

and hence d(O, G)2  by (x1-x2) 2 + (y1-y2)2. 

The parameter α (represented by a positive real number) affects how fast an object loses 
the player’s attention as the gaze moves further away from the object. The higher  α is, 
the lower the attention for objects distant from the player’s focus.
 
It is assumed that a person can have a fixed total amount of attention A distributed over 
all available objects on the screen. Therefore the attention level  AV(O) of an object  O 
expresses the amount of the player’s attention directed at the object  O as a proportion 
(percentage) of the player’s total attention. If there are  n objects in total on the current 
screen and the attention value V(Oi)  of the object Oi is indicated by Vi (1≤ i≤ n), then the 
attention level AV(Oi)  of the object Oi is determined as



AV(Oi)  = ( Vi / (V1+V2+….+Vn )) * A 

This is also called the normalization of the attention values of the objects. For simplicity 
the total amount of attention A can be taken 1. In this case the formula becomes:

AV(Oi)  = Vi / (V1+V2+….+Vn )

As a gaze can change from one moment to the other, and it has a strong effect on the  
attention values, these attention values can show quite instable patterns. However, it can 
be assumed that in reality attention persists over shorter time periods. To model this, the 
attention values for object  Oi can be modelled with persistence as  PAV(Oi)  using the 
following difference equation:

PAV(Oi)t+∆t  = PAV(Oi)t  + β *(AV(Oi)t  - PAV(Oi)t )∆t

Here  β is a flexibility parameter with a positive value between 0 and  1, and  0≤∆t≤1; a 
high value of  β results in fast changes and a low value in a high persistence of the old 
value. Note that for ∆t = 1 this can be rewritten into PAV(Oi)t+1 = PAV(Oi)t + β *(AV(Oi)t 

- PAV(Oi)t ) = β *AV(Oi)t  +(1-β) PAV(Oi)t  which has a form similar to the form used in 
Integrative Modelling 1.

Every object O on the screen has a level of urgency U(O) determined as a weighted sum 
with normalized weights which gives the urgency between 0 (no urgency) and 1 (highest 
urgency) for this object :

U(O)= ∑i=1

N
ri * UVi      

where UVi  is the value of the i-th urgency aspect and ri the urgency aspect weight factor 
for this aspect (with total sum 1). 
If an object has a high level of urgency, the player ought to pay a lot of attention to this 
object. However this may fail to be the case due to various circumstances, and the player  
could neglect the object. So we can speak about  discrepancy between the needed level of 
attention and given level of attention:

D(O)= s1  *  U(O) – s2  *  PAV(O)

with  si importance weights to calculate discrepancy. The interpretation is that  D(O) =0 
represents sufficient attention for the object, D(O)< 0 more than sufficient, and D(O) > 0 
insufficient attention.


