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ABSTRACT
In various control systems, automation is implemented to increase
efficiency and safety. With increased automation, it becomes in-
creasingly relevant to view the automation as a team member,
rather than as a tool. In best cases, human-automation teamwork
keeps workload within acceptable limits, increase situation aware-
ness, and keeps the operator in the control loop. However, human-
automation teamwork will only flourish if the automation is devel-
oped with the human operator in mind. Therefore, investigations
of the current experiences and expectations regarding automation
and teamwork are important for the development of automation.
Through a questionnaire among Air Traffic Controllers (ATCOs),
the present study aims to investigate how ATCOs perceive automa-
tion and safety in current and future air traffic control systems and
the importance of different teamwork factors for human-human
and human-automation collaboration. The results indicate that
the ATCOs believe that safety will increase in the future along
with increasing automation as long as the automation is working as
expected. The ATCOs expressed a fear of deskilling and losing situa-
tion awareness with automation, a fear associated with a newATCO
role of monitoring the system and take over when the automation
fails. The results suggest that design for human-automation team-
work aspects that ATCOs value, such as adaptability or mutual
performance monitoring, could be a way forward.
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1 INTRODUCTION
Safety-critical domains, such as Air Traffic Management/Control
(ATM/ATC), railway traffic control, and nuclear power plants, are
facing similar challenges at the moment, such as the demand for
higher efficiency, more complex situations, and the need for in-
creased safety. To be able to meet such challenges, higher levels of
automation [1-3] are often seen as a requirement [4, 5]. Automation
is introduced with the intent to keep workload within acceptable
limits, reduce human errors, and increase Situation Awareness (SA)
[6]. For example in ATM, automation should progressively enable
increased Air Traffic Controller’s (ATCO) productivity and airspace
capacity [7], with the goal of an even more efficient industry. There-
fore, various forms of advanced automation have been designed to
reduce operator load and support performance [8-10]. While au-
tomation is introduced to increase safety, which is the fundamental
basis in ATM [4], higher levels of automation might also introduce
risks for decreased safety [11, 12]. Higher levels of automation
have historically been proven to negatively affect operator’s own
control performance since the operator is being removed from the
control loop [13-15] which might result in loss of SA [14] among
other things. This motivates new design studies to address those
issues with automation in ATM/ATC. It is also important for other
domains, such as for example the maritime domain, that looks at
ATC for inspiration in their own automation work. If the current
designs from ATC are copied to other domains then there is a risk
that these concerns will follow.

Increased use of automation within any system is also dependent
on user acceptance of the automation [16, 17]. Within the ATM
industry, there has been a belief that new automation can be met
with resistance and scepticism from the ATCOs [16, 18]. Various
factors affect whether automation is accepted and used, including
trust in automation [19, 20], domain experience [21], age [22], and
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information requirements the user has regarding the automation
[23], as well as cultural aspects, familiarity with computer usage,
experiences with previous automation [24], job satisfaction [17],
and usefulness of automation [25]. Moreover, with increased au-
tomation, it becomes relevant to include teamwork perspective on
automation, rather than strictly viewing automation as a tool for
the operator to use. This has been recognised in previous studies,
which have suggested designing for human-automation teamwork
[26] with automation designed in relation to proficient use by the
ATCOs [17, 23], and for teamwork between operators [27]. How-
ever, few studies have recently addressed ATCOs’ experience of
current ATM systems. Therefore, this study explores operators’ cur-
rent experiences of teamwork and expectations of automation to
better understand how automation can be implemented to support
the work of the operator in relation to human-automation team-
work. This study uses ATM as a case. ATM is an interesting domain
to study due to its exceptional safety record and on-going digital-
ization and implementations of automation. Exploring the topics
of automation, human-human teamwork, and human-automation
teamwork with over 200 operational ATCOs from six different coun-
tries has not, to our knowledge, been conducted in recent years.
This study provides unique research and results about the operators’
experiences and expectations. The results can be used for the design
of automation which supports human-automation teamwork. Even
though ATM has been used as a case, the results can be useful in
other control domains as well which faces similar opportunities
and challenges as the ATM industry [28-30]. In a collaboration
with COOPANS (an international collaboration between the air
navigation service providers of Austria (Austro Control), Croatia
(Croatia Control), Denmark (Naviair), Ireland (Irish Aviation Au-
thority), Portugal (NAV Portugal), and Sweden (LFV)), the topics of
automation, safety, workload, SA, human-human teamwork, and
human-automation teamwork were explored through a question-
naire consisting of statements with five-point Likert-scales, as well
as free-text questions. The questionnaire was distributed to ATCOs
in six countries.

The aim of the present study was to address the ATCOs’ expe-
riences of and expectations on automation in ATM systems. This
up-to-date knowledge should be of interest when planning and
designing automation in future ATM systems. More precisely the
current study answered the following questions: 1) How do ATCOs
perceive the grade of automation and the grade of safety in their
current ATM systems and how do they believe the grade of automa-
tion and the grade of safety will change in the future? 2) What is
the experienced workload and SA when working in current ATM
systems and how do ATCOs believe workload and SAwill change in
the future? 3) Which teamwork attributes do ATCOs believe are of
most importance when working with human colleagues compared
to working with an automated system? 4) How do ATCOs view,
qualitatively, their work relation with future automation?

2 BACKGROUND
Human factors literature predicts an increase in future traffic vol-
ume and, consequently, ATCO workload [6, 7, 31]. As a result of the
increased complexity, more advanced automation is needed [4, 5]

to maintain (or even increase) the present safety requirements. Au-
tomation can be defined as “a device or system that accomplishes
(partially or fully) a function that was previously, or conceivably could
be, carried out (partially or fully) by a human operator” [31]. It can be
applied to different degrees or levels [1], from single decision steps
to entire systems [1-3, 32-34]. For example, the automatic sorting of
the flight strips on the electronic flight progress board could have
one level of automation while the warning system within the board
has another level of automation.

2.1 Attitudes towards automation in ATM
When investigating the automation acceptance threshold in re-
lation to levels of automation, a survey found that most of the
respondents approved of an automated tool that assisted them
in organizing materials for decision-making [35]. However, com-
paratively few respondents in the survey approved of a tool that
meant that the authority to make decisions shifted away from the
operator. Human-automation teamwork could contribute to the
operator’s involvement in decision-making, especially while the
operator is having the authority. Operators are cautious since ex-
perience has taught them to be cautious [36]. One reason for this
could be that maintaining SA [37, 38] and decision-making for con-
trol action are two core cognitive tasks for the operators in ATM
[39]. By introducing automation that intrudes on these core tasks,
i.e. when the operator is prevented from making decisions and
actions regarding traffic movements and separations, this means
that the operator’s role is fundamentally changing. Thereby, for
many ATCOs, it appears to be difficult to accept new concepts with
high-level automation and even more if so they cannot see the
possible benefits of the new system [21]. In addition, it has been
reported that ATCOs appeared reluctant to resign responsibility
for decision making or control to the automation [40]. The ATCOs
seemed to accept advisory automation, as long as they remained
in the position of making decisions. The ATCOs also feared that
future automation within ATM will include more monitoring tasks
and, thereby, greater risks of mistakes when taking control if the
automation would fail. Thus, the willingness to accept automation
appears to be task-dependent and also dependent on the role of
automation, its actions and intensions [35]. Further, ATCOs who
are generally more satisfied with their work situation are more
accepting of higher levels of automation than less satisfied ATCOs
[35]. ATCOs have also reported that if automation is to be used,
standardizations are important to guarantee safety [25]. Finally,
in ATM contexts, teamwork factors for human-human teamwork
have been identified as central to successful work.

2.2 Teamwork
A team can be seen as a set of two or more people who interact with
each other in a dynamic way, and who adaptively work toward a
common goal [41], and satisfying teamwork between team mem-
bers can enhance performance [27]. However, with the introduction
of automation, at least at higher levels where automation acts more
as an agent, comes also the introduction of human-automation
teamwork for the operator to stay in the control loop [32]. There-
fore, investigations of the current experiences and expectations
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regarding automation and teamwork are relevant in the develop-
ment of human-centred automation. Salas, Sims and Burke [42]
provided an overview of empirically supported claims regarding
teamwork, summarized in the Big Five model of teamwork factors
for effective teamwork. The Big Five model contains five core com-
ponents: team leadership, mutual performance monitoring, backup
behaviour, adaptability, and team orientation, and three coordinat-
ing mechanisms: shared mental models,mutual trust, and closed-loop
communication [42]. The Big Five model contains attributes that
are necessary for teamwork to be effective, regardless of the type
of team and domain [42]. It aims to cover the many different es-
sential aspects of teamwork and offers a holistic framework, rather
than focusing more narrowly on input (information given to the
team) and output (actions taken by the team). (See, for example, the
model by McGrath [43].) The Big Five model has been applied in
various contexts, such as in learning environments [44], in army
peace-keeping teams [45], in project teams [46], and for fighter
pilots teamwork experiences [47]. Regarding ATCO teamwork, it
was found that mutual trust was the most important teamwork
factor followed by adaptability and shared mental models [27].

3 METHOD
A questionnaire was distributed as a web form through ATM man-
agers to ATCOs in six different countries, including ATC sites such
as area control, approach control, and tower control: 249 licensed
ATCOs (200 male and 44 female, 5 choose not to disclose gender),
from six different countries (Austria (34), Croatia (24), Denmark
(31), Ireland (71), Portugal (19), and Sweden (67)), took part in the
study. The respondents’ median experience was 18 years, with a
minimum of 0 years and a maximum of 39 years, a mean of 16.78
years. Age was divided into three groups: 40 years old or younger
(88 respondents), between 40 and 49 years (109 respondents), and 50
years or older (52 respondents). The questionnaire was voluntary,
and respondents were not incentivized. It consisted of a total of 139
questions and statements split into five sections (experiences and
expectations of current and future current ATM system, human-
human teamwork, human-automation teamwork, and demography).
The Big Five model was used as a foundation for the human-human
teamwork and human-automation teamwork questions. However,
in ATC, the team orientation factor can be taken for granted, since
selected and trained professionals and the ability to work in a team
is a prerequisite [27]. This aspect was, therefore, excluded from the
present study.

Through pre-tests with ATCOs, the time required to answer the
questions was estimated to about 20 minutes, a limit suggested by
COOPANS for practical purposes. Likert scales [48] ranging from 1
= ‘very low’ or ‘not at all important’ to 5 = ‘very high’ or ‘extremely
important’ were used as well as optional free-text sections. Respon-
dents were free to move back and forth between questionnaire
sections and change their responses if needed. Statistical analysis
was performed using non-parametric tests, e.g. Wilcoxon Signed-
rank test (Z) due to the ordinal nature of the data. In addition,
Kruskal Wallis H (χ2) post-hoc tests were applied to the data for
making one-way ANOVA on ranks. Friedman’s 2 ways ANOVA
(χ2) was applied to analyse the teamwork factors. Bonferroni cor-
rection for multiple comparisons was used when appropriate. To

analyse the difference between the respondents’ current experi-
ences and the respondents’ expectations for the future, the current
experience rating score was subtracted from the rating score of the
expectations. The possible difference was investigated in relation
to country, gender, age groups, and endorsement. Cronbach’s Al-
pha [49] has not been applied due to the number of test items (i.e.
three statements for each teamwork factor). Moreover, since the
questionnaire uses more than one construct, Cronbach’s Alpha for
the test as a whole is not reported due to the variety of questions
which can inflate the value of Cronbach’s Alpha. Free-text answers,
which were optional for the respondents to answer, were analysed
and here presented by an overall thematic analysis [50, 51].

4 QUANTITATIVE ANALYSIS
This section provides the quantitative results regarding the grade
of automation, workload, SA, safety, human-human teamwork, and
human-automation teamwork, see Figure 1. The respondents (n
= 244, five stated “Don’t know” and were excluded) expected a
significantly higher grade of automation (Z = -8.68, p < 0.001) for
the future (median = 4, mean = 4.05, range 1-5) compared with
today (median 3; mean = 3.31, range 1-5). Post-hoc tests showed
significant differences between countries (χ2 = 20.49, p < 0.001).
Ireland had a smaller increase of expected automation compared to
Sweden (p = 0.035), Austria (p = 0 .019), and Portugal (p = 0.021).
The respondents (n = 237, twelve stated “Don’t know” and were
excluded) believed that workload would be higher (Z = -2.12, p =
0.034) in the future (median = 3, mean = 3.46, range 1-5) compared
with today (median = 3, mean = 3.33, range 1-5 for today). The
respondents (n = 243, six stated “Don’t know” and were excluded)
believed that their SA would decrease (Z = -8.40, p < 0.001) in
the future (median = 3, mean = 3.44, range 1-5,) compared with
today (median = 3, mean = 4.22, range 2-5). There was an effect
of countries for the change of grade of SA (χ2 = 17.31, p = 0.004).
However, post-hoc tests did not reveal any significant pairwise
differences between countries. The respondents (n = 236, thirteen
stated “Don’t know” and were excluded) believed that safety would
decrease (Z = -8.01, p < 0.001) in the future (median = 4, mean = 3.1,
range 1-5) compared with today (median = 5, mean = 4.51, range
1-5). There was an effect of countries for the change in believed
grade of safety (χ2 = 19.95, p < 0.001), where Sweden had a greater
decrease of safety compared to Portugal (p = 0.001).

For the analysis of the teamwork factors, the three statements
within each teamwork factor were summed, see Figure 2 and Table
1. Regarding human-human teamwork, Friedman’s 2 ways ANOVA
showed a significant difference in ranking of the teamwork factors
(χ2 (6) = 293.7, p < 0.001). Post-hoc tests showed that adaptability
was significantly ranked as a more important teamwork factor com-
pared to all other teamwork factors. Team leadership was ranked as
the least important teamwork factor for human-human teamwork.
Adaptability got a median score of 13, while team leadership got
a median score of 10. However, no teamwork factors got a lower
score than ten. The rankings of human-automation teamwork fac-
tors were also significantly different (χ2 (6) = 461.1, p < 0.001).
Post-hoc tests showed that adaptability was significantly ranked
as a more important teamwork factor compared to all other team-
work factors except for mutual performance monitoring which
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Figure 1: Compared with today, the participants believe the grade of automation will be higher in the future, that workload
will stay the same, that SA will decrease in the future, and that safety will decrease in the future. The numbers by the circles
represent the number of outliers.

Table 1: The scores for all teamwork factors, including a total score where the scores for human-human teamwork and human-
automation teamwork has been added together.

Teamwork factor Human-
humanteamwork

Human-automationteamwork Total score

Adaptability 13 12 25
Team leadership 10 9 19
Mutual performance monitoring 12 11 23
Backup behaviour 11 7 18
Shared mental models 11 10 21
Closed-loop communication 12 10 22
Mutual trust 12 9 21

did not have a significant difference from adaptability. Backup be-
haviour was ranked as the least important teamwork factor for
human-automation teamwork. Adaptability got a median score of
12, while backup behaviour got a median score of seven. However,
no teamwork factors got a lower score than seven. When adding the
median scores of human-human teamwork and human-automation
teamwork, adaptability was seen as the most important teamwork
while backup behaviour was the least important factor. For human-
automation teamwork, team leadership received the same score
as mutual trust. However, since mutual trust was seen as more
important in human-human teamwork, mutual trust was reported
as the fourth most important teamwork factor together with shared
mental models. Mutual performance monitoring was the second
most important factor, with a similar score for both human-human
and human-automation (12 and 11).

5 THEMATIC ANALYSIS OF FREE-TEXT
ANSWERS

The analysis of free-text answers showed that the ATCO views
on human-human teamwork differed from their views on (future)

human-automation teamwork. Human-human teamwork in ATM
was expressed as important overall. Notably, the degree of impor-
tance depends on the workload, the working position (which role
the controllers have, and in which sector the controllers are work-
ing), and the situation (traffic load, time of day, etc.). Furthermore,
working in standard teams (the same ATCOs working in the same
constellation of teams during each work shift) were expressed to
improve teamwork. Based on these comments it can be assumed
that having standard teams could also lead to trust between the
team members. Trust was expressed to improve capacity, safety,
and SA.

In addition to having standard teams with strong trust, the re-
spondents also believed that verbal communication and mutual per-
formance monitoring are of importance between the human team
members. Mutual performance monitoring was also the second
most important factor for human-automation teamwork, according
to the quantitative answers.

In contrast to the quantitative analysis, it was expressed that
safety can increase with higher degrees of automation and that any
“safety net or tool that can enable the controller to focus more on
decision making at active tasks will be a benefit”. However, too
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Figure 2: For both human-human teamwork and human-automation teamwork, adaptability was the most important team-
work factor. Team leadership was the least important teamwork factor for human-human teamwork while backup behaviour
was the least important for human-automation teamwork.

“much automation in decisionmaking/action-taking is worrying to a
controller as it distances them from the sector and decisions/actions
taken”. Thus, the respondents were pro automation as long as the
operator remains in control and has the responsibility: “It is crucial
that any automation does not take responsibility away from the
controller”.

Even though the respondents expressed that safety will increase
along with automation, they saw potential risks with implementing
automation. The respondents expressed that ATCOs in the future
will more passively monitor the traffic situation and while monitor-
ing the automation, compared with today when they are actively
controlling the traffic. It was expressed that ATCOs in the future
will function as a backup to the automated systems (instead of the
other way around), i.e. as a form of a one-way performance moni-
toring where only the ATCO is monitoring and having knowledge
about the automation. These thoughts lead to a fear of potential
risks, that the ATCO will be out-of-the-loop. It was also expressed
that SA would decrease in the future if there would be more au-
tomation, especially if the ATCOs would serve as a backup system.
Automation was seen as useful only during the circumstances when
everything goes as planned (with increased safety as well). How-
ever, the respondents were worried about what would happen when
the automation does not work, fails, or if anything unpredicted hap-
pens. Then, automation was seen as a hazard. In such situations,
the ATCO will not “be able to handle such amount of traffic as
a fully automated system” or be able to intervene when not pre-
pared as “Automation for sure reduces situation awareness”, and
that “automation is good until there’s too much of it and you lose
your situation awareness”. Furthermore, automation could cause
problems since it might function as “a sleeping pill if the system
normally takes care of the traffic itself”. ATCOs expressed a fear
of deskilling, that a loss of ATCO operational and practical skills,
would be “a real risk with automation. I think better support for

ATCOS is more important than "taking over" tasks from the ATCO.
Today, it is too easy to disregard warnings and/or acknowledge vis-
ible warnings without analysis”. Deskilling would also negatively
affect the ATCO’s ability to intervene and take control from the
automation if necessary because the “controller must be actively
involved to keep skill levels and to catch the dropped ball if the sys-
tem fails. And it will”. It was stated that in such situations, control
would be even more vulnerable if the ATCO functions as a backup
system to the automation.

Moreover, respondents expressed a need for new requirements
and policies regarding safety and security to enable human-
automation teamwork in ATM, e.g. “it must be said that capacity
and more efficient use of airspace does not only depend on system,
automation etc. Things could be done differently already today,
but it would require new rules and regulations, politics etc.“. Ap-
propriate training and procedures for working with automation
and staffing will be necessary to keep situational awareness, “but
once proper training and practice come in to play then situational
awareness will improve”. ATCO skills need to be trained for and
balanced in relation to automation: “The more monitoring tasks
the controller will be assigned to and used to, the less skills to
take initiative to actions when needed. What will happen when the
automatic systems fail and the controller no longer can act because
he is no longer trained for this task?”.

There was a concern regarding trust in the automation. The
ATCO might trust the automation too much and be biased towards
it, and might “become overconfident, careless” when working with
the automation. There was also a fear that automation might be
implemented to lower costs, and that this “will lead to an over
trust in automated solutions. It is not given it will be safer”. With
increased automation, the ATCO might not question the actions of
the automation or might be put out-of-the-loop by not gathering
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enough information about the situation. Therefore, what a con-
troller needs “from an automated system is to be able to trust its
solutions and not have to second guess the supplied information”.
It can be assumed that the ATCO would have an increased work-
load due to being out-of-the-loop if the ATCO has to intervene in
tasks the automation should perform. In addition, it was expressed
that the workload will be kept at a high level, as “controllers will
control more aircraft with increased automation”. The respondents
expressed that the ATCO must be involved in decision making and
in control to stay in the loop and to not lose practical skills. For
that, relevant information is needed: “I don’t need a fully automated
system, I need relevant info”. To keep workload at a reasonable
level and to create trust for the automation, the respondents did not
want to have more automation but would prefer if the automation
provided the information needed. Therefore, available information
“needs to be prioritized so only relevant information is used (too
much information will create information overload)”. It was stated
that to support the human operator and not hinder performance,
the automation needs to be even better than a human replacement:
“the automation [that] is replacing my planner it needs to perform
equally good or better”.

6 DISCUSSION
The results show that a belief in increased automation is associated
with a feared loss of safety. The respondents believe that the level
of automation will increase in the future (similar to [4, 6]) and that
automation only will be beneficial as long as the automation sup-
ports the controller (similar to what was found 8 years ago in [35]).
The analysis indicates that this fear of safety loss is associated with
a specific design of automation where human-automation team-
work is characterised by each having a specific role. For instance,
humans being a safety net for fallible automation was seen as a
hazard whereas the automation as a safety net to humans was seen
as a benefit. The ATCOs expressed that safety will increase along
with automation, however, only as long as nothing unexpected
happens. According to the qualitative results, there was a belief
that the automation would be controlling the traffic but with the
human operator still having legal responsibility. The respondents
expressed a fear of shifting the control from the ATCO to the au-
tomation, leaving the ATCO as a backup system to the automation
and intervene only when the automation is unable to manage the
situation. If so, it would be a one-way performance monitoring
instead of mutual performance monitoring as one of the central
teamwork factors. This shift in roles is associated with a fear of the
ATCO being outside of the control loop [13, 32] and not being able
to intervene if the automation would fail. Being out-of-the-loop
would lead to decreased SA and, thus, decreased safety. To have
the legal responsibility while only monitoring the situations and
leaving the decision making to an automation can lead to disastrous
consequences [29] when the human operator has to intervene for
any reason. Even though automation increases with the aim to aid
the ATCO, workload is expected by the respondents to stay at the
same level. This might be due to the predicted increase in traffic load
and complexity [7]. Increased automation opens up possibilities for
more complex situations and, hence, the workload is unchanged.
However, as the levels of automation increases in various systems,

problems of vigilance may increase, also expressed in the free-text
answers. The more reliable the system becomes, the less work there
is for a person to do, and the mind begins to wander [52]. To be
able to work with the automation, the results in the present study
suggest that the ATCOs want to know what is happening around
them (mutual performance monitoring). This means maintaining
SA, knowing what the team members are doing, being in control,
and having adaptability. The results were the same regarding au-
tomation. It should be designed to support mutual performance
monitoring for the operator to know what the automation is doing.
The automation should be seen as a support, as a team member
which has the necessary teamwork attributes which are important
in the domain. In ATM systems, mutual performance monitoring
should be an automation attribute, having knowledge about what
everyone in the team is doing (and also share its own intentions)
together with closed-loop communication and adaptability. In addi-
tion, as in line with previous research [53] the ATCOs stated in the
free-text answers, ATCO skills need to be trained for in relation to
automation.

6.1 Future work
The results from the present study are indicative of what ATCOs
within COOPANS experience and believe about current and future
ATM systems. Even though the overall sample size was high, the
number of respondents from each country varied greatly. Therefore,
comparisons between countries have not been made due to the un-
even distribution of respondents. Future research should compare
attitudes between countries, age, and endorsement as well. The
results found in the present study provide a clear foundation for
further research regarding beliefs for the future ATM systems. The
results indicate a fear for having automation taking control from
the ATCO, leaving the ATCO to only monitor and intervene when
the automation is unable to manage the situation. This calls for
more research regarding how the automation can be designed to
support SA and to keep the human in the loop as long as the human
has the legal responsibility. The results suggest that design research
could focus on incorporating the teamwork factors that the ATCOs
believed are central to human-automation collaboration. Addition-
ally, investigating how benefits of automation are communicated
would also be relevant, since the introduction of automation might
affect the operator’s attitude [54]. The questionnaire used in the
present study can also be used in other control domains (e.g. rail-
way traffic control, aviation, nuclear power plants etc.) to get a
deeper understanding of operators’ (users’) view on automation,
workload, SA, safety, and teamwork. Finally, it is important to make
a follow-up study few years from now, to explore any changes in
operational ATCOs’ opinions regarding current and future ATM
systems.

7 CONCLUSIONS
This study indicates that human-automation teamwork is central
to the respondents’ view of increased automation. Automation as a
safety net was seen as a benefit, whereas ATCOs as a backup sys-
tem was seen as a hazard. The analysis suggests that this change of
roles could be associated with the fear of safety loss. ATCOs feared
deskilling of operational skills and being out-of-the-loop as their
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work tasks would be to only monitor the situation and backup the
automation when the automation is unable to manage the situation,
i.e. a form of a one-way performance monitoring instead of having
mutual performance monitoring which the ATCOs ranked as one
of the most important teamwork factors for human-automation
teamwork. The fact that this view is present in the ATM community,
with its outstanding safety record, should be a wake-up call for the
control system design community. It was also found that ATCOs
valued certain human-automation teamwork factors to the same
extent as human-human teamwork factors. One way forward could
be to break out of the role of humans as a backup when automation
fails. This role division is particularly ironic since automation is
sometimes introduced to reduce errors from human failures. The
results in the present study suggest that these roles become partic-
ularly troublesome if automation extends to carry out tasks, rather
than providing a stronger basis for decision-making. Based on the
analysis it is suggested to establish design approaches that include
teamwork aspects such as adaptability or mutual performance mon-
itoring.
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