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Abstract. In demanding tasks, human performance can seriously degrade as a 

consequence of increased workload and limited resources. In such tasks it is very 

important to maintain an optimal performance quality, therefore automation assistance is 

required. On the other hand, automation can also impose additional demands on a person 
monitoring the system and it will likely reduce the person’s awareness of the situation. 

Therefore, automation should be adapted to the human’s state in order to keep the human 

in the loop. In this paper an agent model is proposed that calculates a person’s workload 

and engagement to an automated task. Based on this agent model, an intelligent support 

system can provide different types of automation and aims at adapting to the human state 

such that an optimal balance is found between exhaustion and task engagement.  
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1. Introduction 

Human task performance can degrade over time when demanding tasks are performed. 

Such degradation can for instance be caused by available resources being exceeded [1]. 

However, high effectiveness and efficiency levels are of particular importance for 

critical tasks. In such cases, automated assistance to support humans in effective and 

efficient task execution is often required. However, while humans take advantage of 

such systems in that it reduces their workload, these systems can also have negative 

effects on human functioning. Automation induced complacency causes a person to rely 

on an automated system, even when that system is not always flawless [2]. In addition, 

automation reduces a person’s picture of the environment, often referred to as situation 

awareness [3]. A reduction in situation awareness may lead to human error, especially 
when automation does fail. Parasuraman defines levels and stages of automation that all 

have a different effect on a person’s situation awareness and human functioning [4].  

To overcome disadvantages of automation, it is important to adapt automation to the 

state of the human [5]. Existing systems often adapt their level of automation throughout 

a specific task either to the person’s workload [6] or situation awareness [7]. Also, 

automation can be adapted by analysis of the human’s state through psychophysiology 

([8], [9], [10]). For an extensive review on adaptive automation, see [11]. The system 

that is proposed in this paper also aims at providing adaptive automation, but as opposed 

to previous systems it integrates both workload and situation awareness (referred to as 

task engagement) in the model of a human’s state. This way, advantages of automation 

(in reducing workload) as well as disadvantages of automation (in reducing awareness) 
are taken into account. The design of the system is based on the agent-paradigm: the 

human and its behavior and states are explicitly described in a formal way, as a separate 

entity, as is the interaction between the human and its environment. This agent model is 

then used to decide on the effect of specific actions on the human. Within the agent 

model theories of automation ([4], [5], [6]) and operator functional state ([12], [13]) are 

used to calculate the effects of a specific level of automation on both a person’s 

engagement to the task and the human’s functional state (i.e. exhaustion and 

performance). This allows the support system to choose the optimal support level at each 

point in time and to find the balance between a reduction in exhaustion on the one hand 

and maintenance of a person’s engagement on the other hand.  

In this paper, first a theoretical background on human automation and human 

workload is given in Section 2. Section 3 describes the agent model and in Section 4 
simulation results are presented for different types of automation. Section 5 explains 

how support can be given using the agent model, which is illustrated by an example. 

Finally, a discussion of the work is given in Section 6.  

2. Theoretical Background 

Parasuraman ([4]) defines 4 possible types of automation that are applied to 4 stages of 

information processing: information acquisition, information analysis, decision and 

action selection and action implementation. Within those 4 types of automation, 

different levels can be distinguished, ranging from no automation to very high 



 

 

automation. Depending on the specific type and level of automation, each system has 
different consequences to a person’s workload, situation awareness and performance. 

Decision automation can decrease a human’s awareness, which impairs human 

performance in case the automation fails. Therefore, decision automation should be set at 

a low level, especially in demanding circumstances such as air traffic control. On the 

other hand, both automation of information acquisition and information analysis allow 

the human to stay involved with the task and thus are beneficial to a human performing a 

task.  

Other effects of the level of automation are that on a person’s workload. A high level 

of automation reduces the workload of the person performing the task. However, a high 

level of automation also induces monitoring demands, which in turn increases workload. 

Workload is influenced by the demands of the task, which determine the effort a person 
has to give to the task for an optimal performance. A high workload may lead to 

exhaustion, caused by a depletion of resources when the person generates effort to the 

task (see [13]). Such a mechanism is also common in sports and exercise, where each 

person has a critical point that determines a person’s basic level at which effort can be 

contributed without getting exhausted [14]. In [12] a model is presented that explores 

these relationships between demands, effort, exhaustion and critical point (also referred 

to as a human’s functional state)..  

In addition to the type and level of automation, awareness of the operator can also be 

influenced by the level of self-agency. The concept of self-agency is found in literature 

on consciousness and can be defined as ‘the feeling that one causes one’s own actions 

and their outcomes’ ([15], [16]). Normally, self-agency is present when a task is 

consciously performed. However, research points out that self-agency can also be 
evoked by priming of the outcome of an action just before the outcome itself emerges 

([17]). This is especially useful when humans are supported by high level information. In 

this case, such priming leads to an increased awareness of the human to the task even 

though it is performed by the system.  

3. Agent Model for Human’s Task Engagement and Exhaustion 

To design a system that can intelligently decide on the optimal form of automation, it is 

necessary to create a dynamic model that describes the interaction between the system, 

the environment, and the human agent. The overall agent model is depicted in Figure 1 

and is composed of three main components: the system, the world and the human (or 

operator).  Within the system component, the possible actions of an intelligent support 

system in order to provide support are represented. The world contains information on 

the environment and output of both the support system and the operator. Furthermore, in 

the operator component concepts and relations on operator states are defined. In this 

section, first the three components explained in more detail. Secondly, a computational 
specification of the model is provided, in which formulas are given for the calculation of 

the values for different concepts.  

 



 

 

 

Figure 1. Agent Model  

3.1 Model Components 

System. The actions that the support system performs can be divided in two different 

sorts of actions: actions for automation and actions for agency. Actions for automation 

define the different levels and stages of automation the support system can adapt to 

provide support, based on [3], [4]. All actions for automation affect one of the 4 stages 

of information processing: sensing, perception, decision making or action. Furthermore, 

within each stage, the support system can perform a low automation action or a high 

automation action. Each automation action affects the strength of self-action, the 

strength of automation, the active task demands and the monitoring demands in the 

world. In addition, the agency action can be performed by the support system in order to 

increase task engagement. This function is based on literature on consciousness which 

states that support can be given to increase a person’s awareness of performing a specific 
task ([16], [17]). If task engagement is low given the automation actions of the system, 

agency action can be performed by the support system to overcome this decrease in task 

engagement.  

 

World. The world contains the characteristics of the environment as well as the output 

of the system and the operator. On the side of the operator, eye movements and task 



 

 

performance can be reflected in the world. On the side of the system, firstly active task 

demands and monitoring demands are distinguished, where the former represents the 

demands of performing the task that is left after automation and the latter represents the 

demands of monitoring the automated task. Both forms of demand influence the total 

effort generated by the operator at a specific point in time. Secondly, the strength of 

automation is determined by the automation action of the system. Finally, the system’s 

automation action also influences the strength of self action, which indicates the extent 

to which operators feel themselves to be responsible for performing the task. Both 

strength of automation and strength of self action influence the person’s task 

engagement.  

 

Operator. In the operator component, knowledge of concepts and relations is 
represented used by the support system to determine task engagement and exhaustion. 

The world component serves as input for the task engagement, the self agency and the 

total task effort generated by the operator. A simplified model of operator functional 

state based on ([12]) is used to determine the level of exhaustion with the total generated 

effort and a person’s critical point (a person’s basic cognitive abilities). Furthermore, the 

total task effort is split up into a monitoring effort level and active task effort level. Task 

engagement is determined by the strength of automation, strength of self-action and the 

monitoring effort. The output that can be measured based on the states of the operator 
are eye movements and task performance.  

3.2 Formal Computational Model 

To determine the interaction of the human, the system and the world, a formal model had 

been developed that specifies the effect of specific types of support on the exhaustion 
and engagement of a human. In this formalization, all concepts have a value between 0 

and 1.  In order to distinguish between the different types of support, it is assumed that 

for each variant of automation it is defined what the effect is on: 

� the strength of automation (SoA) 

� strength of self action (SSA) 

� active task demands (AT_D) 

� monitoring demands (M_D).  

An example of such a specification is given in Table 1 in the next section, where a 

simulation based on the model is presented. The total strength of automation (SoA) and 

the total strength of self action (SSA) are determined by averaging the effect of all 

automation actions; to determine the total active task demands (AT_D) and the total 

monitoring task demands (M_D) the demands that result of the individual automation 
actions are summed up.  

 

Total task demands (TT_D) represent the sum of the active task demands and the 

monitoring demands.   

TT_D = AT_D + M_D                     (1) 

 



 

 

The demands of the task and the exhaustion of the operator together determine how 
much effort the operator generates in total. The parameter ex_speed determines the 

influence on exhaustion.  

 
TT_E= TT_D * (1-(Ex(t-1)*ex_speed))                  (2) 

 

The total effort is distributed between the active task and the monitoring task according 

to the priority that is given to either active task effort (AT_E) or monitoring effort 

(M_E) (note that prior_m should be 1-prior_at and the other way around).    

 
AT_E =                             (3) 

0               if TT_E = 0 

AT_D-((TT_D-TT_E)-M_D)         if (TT_D-TT_E)*(1-prior_m)>MD 

AT_D-((TT_D-TT_E)*(1-prior_at)) else 

 

M_E =                           (4) 

0             if TTE = 0 

M_D-((TT_D-TT_E)-ATD)   if ((TT_D-TT_E)*(1-prior_at)>AT_D 

M_D-(diff*(1-prior_m))     else 

 

The engagement to the task (TE) depends on the Strength of Automation, the Self 

Agency and the effort that is given to the task.  

 
TE =                               (5) 

w1*(1-SoA)*SSA + w2*1 + w3*AT_E/AT_D     if M_D=0  

w1*(1-SoA)*SSA + w2*M_E/M_D + w3*1     if AT_D=0 

w1*(1-SoA)*SSA + w2*1 + w3*1        if AT_D=0 and M_D=0 

w1*(1-SoA)*SSA + w2*M_E/M_D + w3*AT_E/AT_D  else 

 

The formula for exhaustion (Ex) is temporal as it takes into account the person’s 

exhaustion at the previous point in time. Ex_parameter determines the influence of effort 

(related to the critical point) on exhaustion.  

 

Ex(t+∆t) =                             (6) 

Ex(t) + (Ex)* ∆t *(TTE-CP)/CP * Ex_parameter  if TTE<CP 

       Ex(t) + (1-Ex)* ∆t *(TTE-CP)/TTE * Ex_parameter if TTE>CP 

4. Simulations 

To illustrate the working of the model, a number of simulations have been performed in 

which the effect of different variants of automation on a person performing the same 

fictitious task is compared. In the simulations, the effect of a specific type of automation 

is investigated on two variables, namely exhaustion and engagement, assuming that the 

system would give continuous support for a long period of time (in this case 100 time 

steps, where ∆t=0.5).  



 

 

Table 1. Values that determine effects of automation 

Automation Action Strength of 
Automation 

Strength of  
Self Action 

Active Task 
Demands 

Monitoring 
Demands 

 

Sensing 

Off 0 1 1 0 

Medium 0.1 0.5 0.5 0.5 

High 0.4 0 0 1 

 

 

Perception 

 

Off 0 1 1 0 

Medium 0.4 0.8 0.5 0.5 

High 0.7 0 0 1 

 

Decision 

Making 

Off 0 1 1 0 

Medium 0.8 1 0.5 0.5 

High 1.0 0 0 1 

 

 

Action 

 

Off 0 1 1 0 

Medium 1.0 0 0.5 0.5 

High 1.0 0 0 1 

 

 
Figure 2a, b. Exhaustion and Engagement over time in a system without automation 

(left) and a system with high sense and high perception automation (right). 



 

 

In order to execute the model, it is required to specify the effect of different types of 
automation on the task demands and the strength of self-action and strength of 

automation. These values are task specific. In the experiments, four different types of 

support are considered, i.e. support on sensing, support on perception, support on 

decision making and finally support on action. The latter two are highly dependent on 

each other, as action support always requires decision support. Each of the automation 

actions can be off, medium active, or high active. In Table 1, it is specified what the 

effect of each support action is on the factors described before. Here, the assumption is 

that the effect of automation on Active Task Demands and Monitoring Demands is 
independent of the specific type. On the other hand, the effect of the automation action 

on strength of automation is strongly dependent on the specific type of automation; 

sensing and perception automation is relatively more ‘lightweight’ as compared to the 

decision making automation (e.g. [4]). 

Table 2. Simulated combinations of automation. 

Combination Automation 

1 No Automation 

2 Only medium Sensing automation 

3 Only high Sensing automation 

4 Only medium Perception automation 

5 Only high Perception automation 

6 Only medium Decision automation  

7 High decision automation and high action automation 

8 Medium Sensing and Medium Perception automation 

9 Medium Sensing, Medium Perception and Medium Decision 

automation 

10 High sensing, high perception, high decision and high action 

automation 

 

The parameter values in this simulation were as follows: ex_speed=0.2; 

ex_parameter=0.5; prior_at=0.8; prior_m=0.2. w1=0.7; w2=0.1; w3=0.2. The operator’s 

critical point was set to 4.4.  

The pattern of engagement and exhaustion over time are shown in Figure 2 a and b, 

for the case that there is no automation and the case of medium sense and medium 

perception automation respectively.  

In both figures it can be seen that the exhaustion and engagement reaches a stable 
situation after some time, however, with different value for the variables of interest. 

Since each specific type of automation leads to some stable values for exhaustion and 

engangement, it is also possible to compare these end-situations directly. This shows the 

eventual effect of a specific type of support directly. Therefore, 10 different 

combinations of support were compared by simulation, in a somewhat increasing level 

of complexity; the different combinations are listed in Table 2. Figure 4 shows the 

person’s engagement and exhaustion for the different combinations of types and levels 

of automation listed in Table 2. 



 

 

As can be seen in Figure 3, exhaustion is highest in the system without any 
automation and lowest in the fully automated system. In addition, engagement is also 

relatively low for combination 7, which has a high decision automation and high action 

automation.  

 
Figure 3. Engagement and Exhaustion for 10 different combinations of automation 

5. Support Framework 

This section presents how the model introduced in Section 3 can be used within a 

intelligent support system to reason about the most appropriate type of support for a 

human, taking both the engagement and the exhaustion into account. To do so, the 

support system uses the information presented in Table 1, to obtain the knowledge about 

the effect of different types of support on the task demands, the strength of automation 

and the self agency. In addition, the system makes use of a preference value for the 
optimal balance between exhaustion and engagement. This preference value is task 

specific, as more critical tasks might require relatively higher engagement than enduring 

tasks, for which a lower exhaustion is important. 

Based on this knowledge and the model, the support system can calculate the 

reduction in exhaustion and engagement for the upcoming period for all different types 

of support, compared with the scenario in which no support is given, i.e. 

 

Exdiff_x(t) = Exno_support(t) – Exsupport_x(t)                    (7) 

TEdiff_x(t) = TEno_support(t) – TEsupport_x(t)        

 

for all different types of support_x, where TEsupport_x is the task engagement when a 
specific variant of support is given (similar for Exsupport_x). 

To decide on the optimal balance between exhaustion and engagement, both values 

can be combined into a single value using a formula with a weighting mechanism, e.g. 

 

Fx(t) = w1 * TEdiff_x(t) / w2 * Exdiff_x(t)                    (8) 

 



 

 

In this function, a high task engagement and a low exhaustion both contribute positively 
to the combined value (w1 and w2 are weighting factors). Alternative formalizations are 

also possible, e.g. based on a weighted sum of the TE and (1 – Ex).  

The system will choose the most optimal type of support (i.e. with the highest value 

for the combination function) until the time point that it is predicted that a different type 

of support will result in a better balance. At that time point, a new simulation is started, 

in which it is predicted what the additional effect of all variants of support is, compared 

with the type of support given until then, i.e.  

 

Exdiff_y(t) = Exsupport_x(t) – Exsupport_y(t)                          (9) 

TEdiff_y(t) = TEsupport_x(t) – TEsupport_y(t)      

 
for all types of support_y, and support_x the current type of support. 

 

Example scenario. To illustrate the approach, simulations are performed using the 

agent-model described in Section 3 and the reasoning in the support framework as 

described above. For the example scenario, a task is considered for which the effects are 

described in Table 1. In addition, the engagement and exhaustion are assumed to be 

equally important: formula 8 is used with weights w1 = w2 = 1. All other variables in the 

simulations have the same value as in Section 4.  

First, the system compares the effect of a specific variant of support with giving no 

support. Figure 4 shows the value of the combination function for all different variants 

of support listed in Table 2. It can be seen that up to time point 22, the line with small 

dots (support variant 3, high sensing automation) is the most effective type of support. 
Figure 5 shows the same simulation up to time point 22, but from time point 23 on the 

support system compares all variants of support with support variant 3. It can be seen 

that until the end of the simulation the line with the thick dots is the highest. This 

represents variant 4, low perception automation. Consequently, the intelligent support 

system would generate high sensing support up to time point 23, and then would switch 

to low perception support. 

Note that in the example no “agency actions” (i.e. actions that would increase the 

self-agency) are considered. Using those actions, it might be possible to influence the 

engagement directly, without implementing a lower level of automation (which would 

increase the task demands).  

 
Figure 4. Simulated balance between reduction of exhaustion and engagement 

compared with no support (line with thin dots is support variant 3). 

 



 

 

 
 

Figure 5. Simulated balance between reduction of exhaustion and engagement 

compared with support variant 3 from timepoint 23. 

6. Discussion 

In this paper, an agent model and a framework for an intelligent support system is 

presented to decide on the optimal type of automation, taking both the task engagement 

and the exhaustion into account. The model is generic and can be used for different 

tasks. This requires a specification of the effect of the support actions on both the task 

demands and the strength of automation and the self agency. The specification of these 

effects is not trivial because it requires quantification for the effect of all actions on 

different aspects, but part of this specification can be based on actual measurements of 

demands. 
The approach has been illustrated with an example scenario. In this scenario, no 

agency actions are assumed, and a constant balance between the importance of task 

engagement and exhaustion is assumed. However, it could be that the importance 

changes over time. The framework can cope with such situations as well. This will result 

in a more varied behavior of the support system. For example, if the task is very critical 

at a specific point in time and the operator is too exhausted to perform, automation 

should be kept constant. When the critical task is performed, the task should be given 

back to the operator such that the operator’s engagement can be kept optimal. 
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