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1 Introduction

An important issue in research on human-machine cooperation concerns how tasks should be dy-
namically allocated within a human-machine team in order to improve team performance. The
ability to support humans in task allocation decision making requires a thorough understanding of
its underlying cognitive processes, and that of relative trust more specifically. This paper presents
a computational agent-based model of these cognitive processes and proposes an experiment design
that can be used to validate theoretical aspects of this model.

2 Cognitive theory and modeling

Many theories in the human factors literature about the cognitive processes underlying human-
machine task allocation decisions include a notion of relative trust, i.e. differences of trust in two
agents. This notion is often represented by means of a preference state:

Pi(τo, t) = Ti(j, τo, t)− Ti(i, τo, t) (1)

where i, j ∈ Agents = {H,M, ∗}, τo ∈ Tasks, and agent ∗ represents the infallible agent. Here
Ti(j, τo, t) is called a trust state and represents that agent i trusts agent j with respect to its
performance in executing task τo at time point t (see Equation 2 below).

The task allocation decision is also bounded by an allocation preference threshold, indicating
when relative trust does not result in a preference state high or low enough to rely on an agent. In the
context of the Equation 1 an agent i prefers allocation of τo to j if and only if 1 ≥ Pi(τo, t) > θi(τo, t)
and to i if and only if −1 ≤ Pi(τo, t) < −θi(τo, t) at time point t. Here θi represents the allocation
preference threshold of agent i. The real interval [−θi, θi] describes the allocation indifference zone
of the agent i which may change in time due to for instance costs of waiting [1].

The term trust is used to refer to a mental state, a belief of a cognitive agent i about the
achievement of a desired goal through another agent j or through agent i itself [2]. Trust is
considered to depend on the past experiences that coincide on discrete time points with events
that affect the agent’s trust state. Trust is dynamic, but it does not simply increase and decrease
with positive and negative experiences. How trust changes by successes and failures depends on
how increases and decreases in performance are interpreted and causally attributed. Experiences
of agent i can be given by its evaluation of agent j’s performance by means of a comparison with
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what agent i believes the infallible agent ∗ would do if it was allocated to a task τo:

Ti(j, τo, t) = 1− Di(σi(j, τo, t), σi(∗, τo, t))
| σi(∗, τo, t) |

(2)

where Di is a function calculating the pre-normalized performance by means of distances between
two strings, according to agent i. The function σi(j, τo, t) returns a string of sequentially ordered
actions resulting from the execution of task τo, by agent j, according to agent i, and until time
point t. Note that initial values should apply to trust states based on σi’s with lengths closer to 0.
These values are typically more and more dependent on the inverse of the total number of possible
actions.

3 Experiment design and validation

In order to validate implications of the above theory a simple experimental task is developed. The
goal of this task is to predict, as a human-machine team, the location of a disturbance. In every
trial a disturbance will occur at one of three locations. Each trial consists of three phases. First,
human and machine predict the location of the next disturbance. Second, given both predictions,
both human and machine decide which advised prediction should be selected. In the last phase
the actual location of the disturbance is revealed and both human and machine can update their
trust and preference states. In this experiment trust states will be manipulated by varying task
difficulty, the length and complexity of the disturbances (TD), and machine reliability (MR). It
is for instance expected that if preference states are in the indifference zone, errors are likely to
occur (Figure 1).

TD × MR TD1 TD2 TD3
100% MR −θH ≤ PH ≤ θH 1 ≥ PH > θH 1 ≥ PH > θH

70% MR −1 ≤ PH < −θH −θH ≤ PH ≤ θH 1 ≥ PH > θH

50% MR −1 ≤ PH < −θH −1 ≤ PH < −θH −θH ≤ PH ≤ θH

Figure 1: The proposed 3 (task difficulty) × 3 (machine reliability) experiment design with the
expected properties of corresponding allocation preference state PH .

4 Discussion

After being confident on the replicability of previously found experimental findings in various do-
mains in literature the experimental environment will be used for the further study of trust dynam-
ics in MAS. This includes indirect acquisition of knowledge (e.g., reputation, gossip), analogical
judgments, allocation engagement costs (e.g., waiting, cooperation, and overhead costs), allocation
implementation errors, level of autonomy, allocation decision threshold, multi-tasking, task order,
and time pressure.
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