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Abstract. Naval tactical picture compilation is a task for which allocation of
attention to the right information at the right time is crucial. Performance on
this task can be improved if a support system assists the human operator. How-
ever, there is evidence that benefits of support systems are highly dependent upon
the systems’ tendency to support. This paper presents a study into the effects of
different levels of support conservativeness (i.e., tendency to support) and hu-
man competence on performance and on the human’s trust in the support system.
Three types of support are distinguished: fixed, liberal and conservative support.
In fixed support, the system calculates an estimated optimal decision and suggests
this to the human. In the liberal and conservative support types, the system esti-
mated the important information in the problem space in order to make a correct
decision and directs the human’s attention to this information. In liberal support,
the system attempts to direct the human’s attention using only the assessed task
requirements, whereas in conservative support, the this attempt is done provided
that it has been estimated that the human is not already paying attention (more
conservative). Overall results do not confirm our hypothesis that adaptive con-
servative support leads to the best performances. Furthermore, especially high-
competent humans showed more trust in a system when delivered support was
adapted to their specific needs.

1 Introduction

In the domain of naval warfare, information volumes for navigation, system monitor-
ing and tactical tasks will increase while the complexity of the internal and external
environment also increases [6]]. For tactical picture compilation tasks also the dynam-
ics in behavior and ambiguity of threat is expected to increase. Furthermore, the trend
of reduced manning is expected to continue as a result of economic pressures and hu-
mans will be responsible for more and more demanding tasks. Although attention can
be divided between tasks, problems with attention allocation and task performance are
expected since attentional resources are limited [[13l8]. Experience, training and better
interfaces can lift these limitations, but only to a certain level. Even with experienced
users, attentional problems are still likely to occur [11].
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Automation can assist humans by directing attention to critical events [14]. It can
heuristically identify and prioritize objects of interest by highlighting high priority ob-
jects and dimming low priority objects. This helps humans to focus on the right subset
of objects and thereby effectively reduces the number of objects that must be moni-
tored. The downside is that this form of cuing can impede the detection of important
objects that are mistakenly left unhighlighted when the automation is imperfect or when
the situation is uncertain [[12]. In these situations problems with inappropriate trust in
the automation, resulting in over-reliance on the automation, are expected. This paper
suggests to use different types of adaptive automation that adapts the support to the hu-
man need of support: only support when really needed, and in this way limit the above
mentioned downside of automation as much as possible.

In [7] adaptive automation is defined as follows: “adaptive automation refers to a
system capable of dynamic, workload-triggered reallocations of task responsibility be-
tween human and machine”. There are multiple reasons for applying adaptive automa-
tion. How well people perform a certain task is affected by the allocation of their at-
tention. People that are more experienced will be better at dividing attention between
different sources of information. Research on the effects of playing video games has
shown that visual attention abilities often improve with training. Experienced players
of video games required less attentional resources for a given target [5]. In the case of
a tactical picture compilation task, experts will be able to track more contacts. Experts
will also be able to determine more quickly whether a contact is a possible threat. As
opposed to poor performers, good performers will apply the rules correctly. Adaptive
automation can help by assisting (the less well performing) humans in their allocation
of attention through estimating their current allocation of attention and intervene when
the human should reallocate his attention.

In [10] it is proposed to use adaptive automation to prevent ‘complacency’ and to
increase the changes of detecting errors. By shifting task responsibility between humans
and machines, humans will be more involved in tasks, which causes more errors to
be detected and therefore the performance with respect to monitoring automation will
increase.

In this paper the effect is investigated of different types of adaptive automation (deci-
sion support) with respect to system conservativeness (high and low) and human com-
petence (good and poor) in terms of task performance, trust, understandability and re-
sponsibility. The paper is composed of the following sections. In Section[2]the proposed
support types are described and several hypotheses are given and motivated about these
support types. Then, in Section[3]a experiment is described in which the support types
are evaluated. The results of this experiment are given in Section[4] and the paper ends
with a discussion and conclusions in Section[3

2 Attention Allocation Support

2.1 Generic Support Model

One way of implementing adaptive automation is to use computational cognitive mod-
els of attention as a basis for triggering change in automation. A cognitive model of
attention is a model which estimates a human’s focus of attention at each moment in
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time for a given task (see e.g., [2l1]). Together with a normative model, which estimates
where attention should be optimally allocated for that same moment in time and task,
a decision support system can aid the user in distributing limited attentional resources
when there is a large difference between the two. In [2J1] it is shown, for instance, that
in this way it is possible to support humans in their allocation of attention.

The support evaluated in this study has three variants, namely the fixed, liberal and
conservative support type. The fixed support is defined as support that advices a human
user what decision to make, without taking into account whether it is needed to support
the human at that moment. The outcome of the task is shown to the human who can then
decide whether to comply with the advice or to rely on his own judgment. As stated
earlier, a potential risk of fixed support is inappropriate reliance. The fixed support
system always gives its advice. So the easiest way to perform the task is to follow the
advice as given by the system, which can lead to problems with complacency. This
means that if the fixed system occasionally gives incorrect advice, it is more likely to
be (incorrectly) taken over by the human, compared to an adaptive support system.

The alternative for the fixed support system is to direct the attention of the human
to areas that are estimated to need human attention, instead of suggesting a specific
decision. This way, the human is supported during an earlier stage of information pro-
cessing, namely information acquisition, and hence leaving information interpretation
and decision making to the human. The result is that the human can no longer com-
pletely rely on the support with respect to deciding what to do. Errors in the support
are thus likely to be less influential on the decisions of the human. Wrong advice of
the support system is also expected to be detected more easily by humans, because the
advice is checked more thoroughly due to the fact that it needs to be processed more
before a decision is made. This basic idea of bringing the human back ‘in the loop’ is
also the underlying property of the last two support variants.

The liberal and conservative support type are different with respect to system con-
servativeness. System conservativeness is defined as the inverse tendency of the system
to provide support to the human. It can be varied through adaptation to the behavior of
the human. Examples of this behavior are mouse clicks, reaction times to events, and
point of gaze. The models used for liberal adaptive support will use less behavioral data
than those for conservative adaptive support. For instance, in the context of the tactical
picture compilation task described in [2!1], liberal can be defined as support that adapts
only to the current selection of threatening contacts. In this case, it is estimated (by
a mathematical model) whether support is needed through adaptation to the clicking
behavior of a human operator. For the conservative support, next to adaptation to the
clicking behavior, an estimation of the current human attention allocation is also incor-
porated. Overall this means that the liberal support is less adapted to the user than the
conservative support.

2.2 Hypotheses

For the above mentioned three support types, the effects on 1) task performance, 2)
trust, 3) understandability and 4) responsibility are studied, which are discussed in
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sections and respectively. In sections and overall effects of
system conservativeness and human competence are discussed. The above mentioned
discussions lead to a total of 6 hypotheses.

Task Performance. When support is fixed, humans are expected to be more prone to
over- and under-rely on the automation, whereas with adaptive support less problems
with inappropriate reliance or complacency are expected. This can be explained by the
fact that fixed support allows humans to rely entirely on the support (i.e., just take over
the computer’s advice). Adaptivity can stimulate the human’s involvement in the task
by automatically applying support, only where and when needed. It is expected that
higher levels of such adaptivity to the human also results in higher task performance.
This basically boils down to the following hypothesis:

Hypothesis 1. The proposed adaptive support results in higher task performance than
fixed (non-adaptive) support.

Trust. Another important factor is trust in the support: Do participants trust adaptive
decision support more than fixed decision support? Errors will inevitably occur in the
support. However, these errors are likely to be much more salient in when applying
fixed support. This boils down to the following hypothesis:

Hypothesis 2. The proposed adaptive support results in more trust in the support sys-
tem compared to fixed support.

Understandability. A potential problem in adaptive supportis understandability. Adap-
tive support systems are likely to be more complex than fixed support systems (or in any
case, no support). This leads to the following hypothesis:

Hypothesis 3. The proposed adaptive support results in a poorer understanding of the
support compared to fixed support.

Responsibility. Since we expect the human to be more involved in the task when ap-
plying the proposed adaptive support, we also expect that the responsibility for a good
result as felt by the human is higher.

Hypothesis 4. The proposed adaptive support results in a greater feeling of responsi-
bility for the eventual outcome compared to fixed support.

System Conservativeness. As has been mentioned, conservativeness can be varied
through adaptation to the behavior of the human. This adaptivity can come in various
degrees: A more conservative adaptive support system depends to a higher degree on the
behavior of the human. When the system is uncertain about information, conservative
support will withhold information longer than liberal support. This is expected to result
in a stronger effect with respect to task performance, trust and understandability. This
boils down to the following hypothesis:

Hypothesis 5. The claimed effects in Hypotheses[l to d are stronger for conservative
adaptive support than for liberal adaptive support.
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Human Competence. We expect that, since adaptive support takes actions of the
human into account, the task performance of the human (with or without support)
contributes to the performance of the support. When the actions of the human are in
line with the task model of the support, the support will be more appropriate. The
hypothesis:

Hypothesis 6. The claimed effects in Hypotheses[lltoH are stronger for good perform-
ers than for poor performers.

3 Method

3.1 Participants

Forty college students (17 male, 23 female) with an average age of 23.9 years (SD =
2.6) participated in the experiment as paid volunteers.

3.2 Apparatus

Participants had to perform a (simplified) naval tactical picture compilation task as per-
formed in naval warfare. The goal of this task is to build up awareness of possible threats
surrounding the own ship (contacts). A screenshot of the task environment is shown in
Figure[1l

Participants had to mark the five most threatening contacts by clicking on them.
To determine if a contact is a possible threat the following criteria were used: speed,
heading, distance to own ship and position in or out a sea-lane. All criteria were equally
important. The five contacts scoring highest on these criteria had to be selected as most
threatening. The behavior of the contacts was such that the threat varied over time.
For instance, a contact could get out of a sea lane, speedup, or change its heading
toward the own ship. Contacts that were mistakenly identified as threats (false alarms)
or contacts that were mistakenly not identified as threats (misses) resulted in a lower
task performance.

Fig. 1. Screenshot of the task environment
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All participants were exposed to the same task complexity. The complexity was de-
termined by the ambiguity and the dynamics of the behavior of the contacts. Concern-
ing ambiguity, small differences in the threat level of contacts made it more difficult to
identify the five most threatening contacts. Dynamics were determined by the varying
number of threat level changes of contacts over time. Changes in threat levels were such
that the number of times that each contact needed to be re-evaluated was high.

The task, including the different developed adaptive support conditions (see
Section[3.4)), was implemented using the game implementation software Gamemakerl]

3.3 Design

A 4 (system conservativeness) x 2 (human competence) mixed design was used. Sys-
tem conservativeness was a within-subjects independent variable and the order was
balanced between the participants. Human competence was a between-subjects quasi-
independent variable.

3.4 Independent Variables

Two independent variables were used: system conservativeness and human competence.

System Conservativeness. There were four levels of conservativeness for the used
support system: no support, fixed support, liberal adaptive support and conservative
adaptive support.

In the no support (NS) condition participants performed the tactical picture compi-
lation task without any form of support.

The fixed support (FS) used a task model to determine the five most threatening
contacts. Threat levels were determined on the same criteria as used by the participants.
The five most threatening contacts were highlighted.

The liberal adaptive support (LAS) also takes the current selection of the user into
account. Firstly, the two contacts with the lowest threat levels which are already selected
by the user were highlighted. This was done because they are candidates for deselection
and should therefore receive attention. Secondly, the three contacts with the highest
threat levels which are not selected by the user were highlighted. This was done because
they are candidates for selection and should receive attention for this reason.

The conservative adaptive support (CAS) basically highlighted the same contacts as
the liberal support, but now only when the user paid little attention to these contacts.
Attention values for all contacts were calculated using the cognitive model of attention
proposed in [2{1]].

The reliability of the task model in each support condition was manipulated by
adding errors to the actual threatlevels. This manipulation was done in order to simulate
an imperfect task model. If the task model was perfect, there was no use of comparing
FS with the other support types, since it would always be a good decision to follow the
advice of FS, resulting in a maximum task performance.

! For more information on Gamemaker, see http: //www.yoyogames .com/gamemaker



Adaptive Attention Allocation Support 653

Human Competence. After the experiment, a median split on the task performance
in the NS condition was performed to distinguish a good and poor human competence

group.

3.5 Dependent Variables

Four dependent variables were measured: task performance, trust, understandability and
responsibility.

Task Performance. Task performance was determined by measuring the accuracy of
the identification of the five most threatening contacts during the task by means of a
penalty function. The severity of errors was also taken into account by the task perfor-
mance measure.

Trust. After each trial participants estimated the reliability of the support system on a
scale between 0 and 100% correct. Since trust is for an important part determined by
perceptions of reliability [9/43]], this was considered as a good measure of trust.

Understandability. Participants rated after each trial the degree to which they thought
the decision making process of that of the support system was understandable on a
7-point Likert scale between —3 (not understandable) and 3 (understandable).

Responsibility. Participants rated after each trial the degree to which they felt respon-
sible for the outcome of the task on a 7-point Likert scale between —3 (not responsible)
and 3 (responsible).

4 Results

Two out of the 40 retrieved data sets have been removed due to unintended errors during
the experiment. All participants passed the test on paper and were therefore expected to
be able to correctly apply the classification criteria.

Task Performance. Lilliefors tests have shown that task performance in the NS, FS,
LAS and CAS conditions were all normally distributed (i.e., null hypothesis that they
are normally distributed could not be rejected).

To check whether the design of the fixed support system was a fair competitor for the
adaptive variants, at least it should hold that FS results in higher performances than NS.
This was indeed the case: Participants in condition FS (M = 89.24,SD = 2.20) per-
formed significantly better compared to NS (M = 87.62,SD = 3.27),t(74) = 2.53,
p < .001.

A repeated measures analysis of variance (ANOVA) showed a significant main ef-
fect (F'(2,72) = 27.40,p < .001) of system conservativeness on task performance.

A post-hoc Bonferroni test showed that there is a significant difference between con-
ditions FS and LAS (p < .001), FS and CAS (p < .001), but not between LAS
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and CAS (p = 1). Hence participants performed worse in the LAS (M = 87.34,
SD = 1.73)and CAS condition (M = 87.16, SD = 1.87) than in the FS condition
(M = 89.24, SD = 2.20). Hypotheses[Iland [l (for task performance) are therefore
not accepted.

No interaction effect was found (F'(2,72) = 0.22,p = .80) between system
conservativeness and human competence on task performance. Hence Hypothesis
(for task performance) is not accepted.

Trust. A repeated measures analysis of variance (ANOVA) did not show a significant
main effect (F(2,72) = 0.47,p = .63) of system conservativeness on trust. Hy-
potheses 2l and [3l (for trust) are therefore not accepted.

A significant interaction effect was found (F'(2,72) = 3.17,p = .048) between
system conservativeness and human competence for trust.

A post-hoc Bonferroni test showed that there is a significant difference in trust be-
tween the good (M = 1.11, SD = 0.29) and poor (M = —-0.32, SD = 0.29)
competence group in the CAS condition (p = .02), but not in the LAS (p = 1) and
FS (p = 1) condition. Hence the claimed effect in Hypothesis [2 is stronger for good
performers than for poor performers in the case of CAS. For CAS, Hypothesis [6] (for
trust) is therefore accepted, but not for LAS.

Understandability. A repeated measures analysis of variance (ANOVA) did not show
a significant main effect (F'(2,72) = 0.42, p = .66) of system conservative-
ness on understandability. Hypotheses 3| and [5l (for understandability) are therefore not
accepted.

No significant interaction effect was found (F'(2,72) = 0.92,p = .40) between
system conservativeness and human competence for understandability. Hypothesis [l
(for understandability) is therefore not accepted.

Responsibility. A repeated measures analysis of variance (ANOVA) did not show a
significant main effect (F'(2,72) = 0.37, p = .69) of system conservativeness on
responsibility. Hypothesesdl and 3l (for responsibility) are therefore not accepted.

No significant interaction effect was found (F'(2,72) = 1.39,p = .26) between
system conservativeness and human competence for responsibility. Hypothesis [6] (for
responsibility) is therefore not accepted.

5 Conclusion and Discussion

In this study we investigated the benefits of adaptive attention allocation support over
fixed (non-adaptive) support in a tactical picture compilation task. We expected task
performance using adaptive support to be higher than in fixed support. However, this
first hypothesis was not accepted. Trust in adaptive and fixed support did not differ
significantly, also rejecting the second hypothesis. In contrary to our third hypothesis,
our participants did not report to have a poorer understanding of the more complicated
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adaptive support than of the fixed support. Also the fourth hypothesis, stating that the
feeling of responsibility would be higher in the adaptive condition, could not be ac-
cepted based on the results in this study.

The influence of system conservativeness and human competence was also inves-
tigated on the first four hypotheses on task performance, trust, understandability and
responsibility. The results did not show a significant effect of system conservativeness
on any of these variables, so the fifth hypothesis could not be accepted.

For human competence, the effect was significant for trust, but only in the conserva-
tive adaptive support condition. This means that well performing participants had more
trust in conservative adaptive support than poorly performing participants. This con-
firms the sixth hypothesis (for trust), but only for the conservative condition. The sixth
hypothesis could not be accepted for task performance, understandability, and responsi-
bility. The increase of trust in the conservative adaptive support for good performers can
be explained by the effect that good performers are more likely to understand the task
and the effect support systems have on task performance. In [9], for instance, it is shown
that the use of automation decreases when the effect of automation to performance is
not properly perceived.

There are several possible explanations for why an increase of task performance
was not found in our experiment. Our implementation of adaptive support aimed at
reducing inappropriate reliance on fixed support. However, this comes with a cost in
the form of added complexity. Although participants did report a clear understanding of
how both adaptive support systems worked, it is still possible that the disadvantage of
added complexity is larger than the advantages of such a system. Working with complex
(support) systems can raise the cognitive load on the human, leaving less capacity to
focus on the actual monitoring of contacts. In this case, this resulted in a significantly
higher task performance in the fixed support condition than in both adaptive support
conditions. Future design of adaptive support systems should aim at keeping the system
as simple as possible, though preserving the expected advantages of adaptivity.

For the adaptive support investigated in this study, it was not possible for the hu-
man to simply follow suggestions of the support system. This was because, instead of
suggesting a possible answer to a problem, only areas of interest were indicated by the
system. This meant that, in any case, the proposed adaptive support must have elim-
inated inappropriate reliance on the support. The found results in this study are not a
reason for rejecting this principle and therefore more research on adaptive attention al-
location support is suggested, focusing on the requirements in which such a system can
help to gain task performance.
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