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Abstract: Today, integrating new functions into air traffic controller working positions or
developing completely new displays are time-consuming and expensive processes. The
users are often only included during the concept phase and after the main development
phase is completed. Therefore, they do not have the chance to influence the design and
development process by giving structural feedback. Any subsequent changes to the system
after completing the main development phase will be expensive and slow. This paper
proposes a new approach to integrate designers and users more tightly in the development
process for digital air traffic control systems. By creating and reviewing realistic mock-ups
in small iterative steps, the look and feel of future support functions can be validated in
advance of the actual implementation and easily adapted if changes are requested. We
performed a series of steps to evaluate the new workflow as a case study, including idea
development, design, validation, and implementation into the target system. In a validation
campaign with air traffic controllers, the developed design and functionalities received
very positive feedback and the new workflow was successfully applied and evaluated as a
case study.

Keywords: controller working position; usability; air traffic control; design; software
engineering

1. Introduction
The integration of extended functionalities and displays into air traffic controller

working positions (CWP) represents a time-consuming and cost-intensive process [1]. This
applies in particular if air navigation service providers (ANSP) are exposed to increased
cost pressure as a result of privatization [2]. Air traffic controllers as end users are often only
involved during the concept phase and later as a tester after the main development phase
has been completed. Therefore, they have little opportunity to influence the embodiment
process through structural feedback [3]. Once the main development phase has been
completed, elementary changes to the system are expensive and lengthy [4]. There is a risk
that useful and necessary changes will only be implemented late or not at all.

By creating and using realistic and interactive mock-ups with basic functionalities,
the appearance and handling of future support functions should be validated in small
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iterative steps prior to actual implementation. They can then be easily adapted in the event
of changes. This process is not new in industry, but it is not yet used in some safety-critical
areas, such as air traffic control [5]. Our approach shows that the use of mock-ups is also
safe for ANSP applications and should be considered in this domain in order to develop
software faster and more efficiently to bring it into operational use.

This article presents an approach implemented in the Envision project (Erprobungs-
plattform für Nutzerzentrierte Visualisierungs- und Interaktionskonzepte—Experimental
platform for user-centered visualization and interaction concepts), where developers, de-
signers, and controllers are more closely involved in the development process for the
digitization of the air traffic management process [6]. With the aim of improving the devel-
opment workflow, a complete development cycle for a CWP prototype was run through in
order to evaluate the path to this aim and the achievement of the objective, followed by
a selection of current and conceptual functional enhancements. Iterative evaluations and
further developments were accompanied by frequent workshops with air traffic controllers
(ATCO), who were regularly involved in the design process as test persons both at the
Germany Aerospace Center (DLR) laboratories and online.

The focus of this paper is on the development workflow of radar displays (primary
displays) which are used in area control centres today and will become more important in
the future when more advanced controller support software is used. These displays provide
controllers with continuous guidance on the organisation of air traffic and additional
information through these displays. As new support functions are developed, they must
be seamlessly integrated into the display and, of course, into the development workflow.
At the same time, it is important to avoid overloading the display, otherwise there is a risk
that important information will be overlooked, leading to a loss of situational awareness [7].

1.1. Controller Working Position

For visual monitoring, centre controllers have radar equipment at their disposal.
Depending on the system used, it projects an overview of the traffic situation in the
airspace onto a display every five seconds or more frequently. The pure position data
are supplemented and processed by additional information from the on-board Automatic
Dependent Surveillance—Broadcast (ADS-B) transponders, Controller Pilot Data Link
Communication (CPDLC) information and flight plan data, as well as information from
other control centres. In addition to current flight situation data, this may also include
current climb or descent rates and actual clearances.

Most workplaces in air traffic control centres in Europe are team workstations where
executives and planners organise air traffic safely and efficiently in their assigned sector
together. The executive with direct radio contact to the flight crew is dependent on ad
hoc support from the systems, while the planner, acting as a coordinator between their
own and neighbouring sectors, tends to benefit more from tactical to pre-tactical tools.
The software they currently use is developed by commercial companies and adapted
to the requirements of the respective centre in the various countries. In addition to the
pure display of information, this includes, for example, support systems for Medium-
term Conflict Detection (MTCD) [8] and Short-term Conflict Alert (STCA) [9]. Air traffic
controller support systems available today include Arrival Manager (AMAN), Terminal
Sequencing and Spacing (TSAS), Departure Manager (DMAN) and Advanced Surface
Movement Guidance and Control Systems (A-SMGCS).

These support systems will only reach their full potential when they are coupled with
each other and thus enable global optimization across the entire air traffic management
system [10]. The operation of these additional systems poses a particular challenge for
controllers, as they must always be operated using mouse, pen, and keyboard for data
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exchange and functional interactions. Many aircraft-specific tools like distance measuring
are shown and operated on the same primary display. At the same time, in order to
prevent controllers from overlooking aberrant flight manoeuvres or impending conflicts,
additional data presentations and embedded or superimposed data frames shall not obscure
any traffic-relevant views. This applies in particular to meteorological displays of severe
weather situations in the CWP [11]. Another challenge is the requirement to provide only
information that is relevant to controllers at that particular moment.

DLR’s participation in numerous national and international projects with controllers
and ANSPs has shown that until now, the users have been neglected at the start of the
development process for new air traffic controller working positions. User involvement is
particularly important when developing new, future-oriented HMIs in order to implement
useful improvements [12]. Nevertheless, establishing a thoughtfully structured workflow
for developing the new interface in the project is essential, as effective design with a
carefully crafted user interface [13] helps in managing the complexity of a system [7].
The problem could be exacerbated by the introduction of single controller operations
(SCO) [14] or flight-centric procedures [15]. These will require completely new working
environments for air traffic controllers.

1.2. Software Development in the ATC-Domain

All of the above criteria and constraints mean that the development and implemen-
tation of new support systems for centre controller workstations is very complex, time-
consuming and safety-critical. Every software change has to be thoroughly analysed in
terms of its usefulness for the controllers and its safety for flight operations. From the
developer’s point of view, it is necessary to test each system, information display, and new
control function with the controllers and to obtain feedback on how much the function
meets the user’s criteria. As controller support functions and their specific displays can
currently only be tested in realistic Human-in-the-Loop simulations and real operation
after their complex implementation in a controller working position, this inevitably leads to
systems and displays having to be adapted and optimised step by step in several iterations
with a high expenditure of time.

In order to simplify and accelerate this adaptation process, it is necessary to test and
optimise new concepts before starting the software development. The use of a mock-
up system should be established for fundamental innovations that cannot be based on
an existing system to reduce development cost [16]. It should have the same look and
feel as the final system, but should be quick and easy to adapt and change. The actual
functionalities are not implemented in the system until the user interface has been evaluated
with the controllers and all displays have been harmonised with them. In this paper, we
propose a novel CWP development process for the ATC-domain that includes a user-
centred, iterative HMI design phase using design mock-ups that precedes the complex
software implementation process.

2. CWP Development Workflow
To improve ATC software development, a new workflow is proposed in this work.

This chapter will begin by describing the typical project execution currently employed
in the ATC domain. Afterwards, it will present alternative workflow models used in
other fields. Problems that can occur when applying these workflows to ATC software
development are outlined. Finally, a new and improved approach that is tailored to the
special conditions in the ATC domain is presented.
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2.1. Current Project Development Workflow

This section reflects the experience of Frequentis Orthogon from 20 years of project
execution with worldwide customers in the ATC domain. An ATC project, in most cases,
starts with a tender specification provided by a customer directly to a system supplier
or as a public procurement call (see e.g., [17]). The tender specification already contains
requirements for an HMI. These requirements often describe existing systems with some
extensions and/or modifications. The overall tender description is technical and not user-
oriented. The tender is answered by the industry by providing an offer containing product
requirements, screenshots of existing solutions and sketches of HMIs to be developed.
After being awarded the contract, the solution provider starts a specification phase together
with the customer. The project management of the solution provider and the customer
share the goal to define the HMI specification as quickly as possible. The specification
phase typically includes an HMI workshop where customer and solution provider discuss
the existing HMI and the solution provider presents design ideas for new HMI elements.
Both parties share the problem of limited resources. Because of this, on the customer side
very few controllers participate in the workshop; often not even all the different user groups
of tower, approach, and sector controllers are involved. During the HMI workshop, design
ideas are illustrated by the system supplier in form of wire frames or drawings but in most
cases without an HMI prototype. The controllers decide on the solutions presented and
may raise concerns, but the users are not encouraged to introduce their own ideas. Action
items are collected and documented accordingly to track the open discussion points. In the
following project period the action items are consolidated, e.g., by providing updates of
the wire frames. Once both parties consider the HMI specification as mature, the HMI
developers start working on the new or changed HMI features. The customer may receive
a limited number of early drops of the software to be able to check the development before
the first acceptance test. The software is checked by one or all workshop participants
who are familiar with the new features and feedback is returned to the solution provider.
Figure 1 shows an overview of the currently used workflow.

Figure 1. Current project development workflow.

The overall process is working well, but it is not optimal due to the following deficits:

• The process is not user-oriented. The tender does not include work flows or use
cases because the tender serves the purpose of formally describing a system as a basis
for a commercial offer. The same principle applies to the specification phase of the
supplier which aims at reaching a solution agreement as quickly and as inexpensively
as possible. Overall, the controllers, as users of the system, play only a subordinate
role in the workflow.

• The decision-making process during one or two days of HMI workshops is insufficient,
often rushing towards a consensus without allowing controllers sufficient time to
weigh the advantages and disadvantages of new workflows presented.

• Technical abstractions are challenging for controllers who typically do not have a
software development background, making wire frames, drawings, use cases, and re-
quirements too abstract to engage with effectively.
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Due to the missing user orientation, the specified HMI workflow may not fully meet
controller needs when the HMI development is started. This is a problem for the solution
provider as significant errors must be detected in the early stages of design preventing costly
re-designs. It is a problem for the customer as minor design changes at later project stage are
discouraged when they require changes to formal specifications and fixed agreements [18].

2.2. Agile Approach

The deficits described in the previous section are typical for a waterfall model.
The workflow could be improved by using an agile project approach, which is common
in other sectors [19]. An agile project focuses on iterative development, customer collab-
oration, cross-functional teams, adaptability, and continuous improvement. Projects are
divided into small iterations, each resulting in a working product increment (Figure 2).
Continuous feedback from customers ensures the product meets their needs [20].

Figure 2. Standard agile approach according to [20].

The approach translated into the ATC HMI development involves HMI designers and
controllers of the customer as part of the team. However, the ATC industry faces unique
challenges in directly implementing agile methodologies. These include the following:

• Conducting repeated HMI workshops with a larger group of controllers is impractical
due to financial, temporal, and resource constraints. Neither the supplier nor the
customers are able to support multiple, extensive workshops.

• Creating multiple HMI prototypes is prohibitively expensive. The presentation of HMI
prototypes requires either face-to-face interactions between controllers and developers
or the ability for controllers to independently operate prototype software. Given
that the supplier’s clientele is globally dispersed, frequent travel for HMI feature
development is unfeasible. Additionally, ATC security policies typically prevent
controllers from installing software on their systems.

• ATC tender specifications often clash with agile methods due to the fixed formal
specifications, pre-defined timelines, fixed prices, and missing customer commitment.

• There is insufficient continuous work to justify a full-time HMI designer position in the
scope of a project. Moreover, a designer’s creativity may stagnate over time without
fresh challenges. On the other hand, a good HMI designer knows the customer domain
and the ATC user domain requires very specific know-how.
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These issues highlight the complexities of optimizing HMI development within the
ATC industry’s constraints.

2.3. User-Centred Design

Since the requirements within the process of creating software for air traffic control
change frequently [21], it makes sense to choose a workflow that remains flexible during
the course of the project and allows for adjustments at any time. A frequently referenced
design process in industrial design is “user-centred design”. This is based on DIN EN
ISO 9241-210 [22], which addresses the user-centred design of products and software.
The model, which can be adapted to the individual processes, provides six approaches for
adapting a product to the user. This adaptation can lead to increasing user productivity,
reducing the amount of training required, increasing usability and accessibility, improving
the user experience and reducing stress. These approaches include understanding the user,
tasks, and working environment, involving the user throughout the entire development
and design process, continuously evaluating and adapting design solutions, providing for
iterations, taking the user experience into account, and linking and simplifying interdisci-
plinary skills within the design team. In particular, the provision of iterations is repeatedly
emphasised. The focus here is on the principles of usability in accordance with DIN EN ISO
9241-11 [23]: effectiveness, efficiency, and satisfaction. As depicted in Figure 3, user-centred
design, just like the agile approach, is also based on an iterative procedure.

Figure 3. The user-centred design process according to ISO 9241-210 [22].

In the air traffic control context, it has been found that it is often difficult for users to
communicate their mental model [24]. The way in which the user can be integrated into the
project varies greatly depending on the use case and therefore there is no standard solution
that explains how users can best be integrated. The iterative approach and the prioritization
of the user often prove to be a challenge in practice. Every now and then, a clear step for-
ward must be taken instead of another iteration loop in order to be able to implement clear
results and keep development costs low [25]. Furthermore, the user cannot be constantly
involved in the process. As almost all international air navigation service providers (ANSP)
are currently suffering from a shortage of controllers and trainee controllers, ATCOs are
not available in large numbers and are not constantly available for scientific research or
extensive ANSP-internal developments [26,27]. As a result, the integration of the user must
be well-prepared and thus quickly and easily accessible.
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2.4. The New Workflow

As described in Sections 2.2 and 2.3, there are challenges in applying established agile
and user-centered design models to the air traffic control (ATC) domain. To address these
issues, the project developed a process that integrates both iterative and user-centered ap-
proaches and embeds the combined result in a linear model, similar to the one described in
Section 2.1. While such mixed processes are common in software development, the iterative
approach is still relatively uncommon in ATC software implementation. Figure 4 illustrates
the new workflow with an iterative design loop based on design mock-ups followed by a
linear implementation and acceptance phase.

Figure 4. Process practiced in Envision.

It is essential not to adhere too rigidly to ISO 9241-210 [22], but to adopt an even
more iterative and recursive procedure in the design process [25], which reflects an agile
approach [24]. By expanding the team into an interdisciplinary group of developers,
designers, SMEs and air traffic controllers, more diverse expertise is achieved. This broadly
diversified consortium improves the communication and the coordination within the
team [12]. Interdisciplinary workshops [28] are used to determine the expectations and
perspectives of stakeholders [13], adjust the existing workflow with the project, and develop
a template draft for a modified workflow. In dealing with users, workshops have also
proven to be a productive tool in the past [28]. To understand the user, the status quo must
first be explored [24]. The basis for this is a respectful and friendly approach to the user [29]
to be able to empathise with them and make design decisions from their perspective [12].
Interactive design mock-ups are used to harmonise the ideas of the team with the mental
model of the users and within the consortium. They allow an idea of the features and
elements of the software to be obtained without investing a great deal of development
effort [30]. Interactive design mock-ups include selected interactions that simulate planned
software features, efficiently conveying the designed elements. When the process identifies
areas for improvement or potential adaptations, the software is designed to allow future
modifications, ensuring its long-term viability. Once users positively evaluate the design
and feature ideas, these are transferred to the actual application through development.
If users are unhappy with any of the elements or areas of the software, an iteration loop is
integrated. The development team is responsible for creating all the technical interfaces and
making the system functional, while the design team ensures usability and efficiency [13].
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3. Applying the New Workflow: A Case Study
To evaluate whether the new workflow proposed in Section 2.4 can be applied to the

development of ATC software, a case study was performed and feedback from actual users
(i.e., air traffic controllers) was collected. This chapter describes the different steps that
were performed. Initially, the various stakeholders of the software development process
performed small workshops for general concepts and ideas. Based on the results, design
proposals for an example en-route CWP were created and implemented as mock-ups.
Afterwards, a validation campaign was performed where user feedback for the mock-
ups and the proposed workflow was collected in two steps: First, a main workshop was
conducted in-person at the DLR, and in a second step, a remote workshop was performed
as follow-up to check if that is also a feasible way to perform user workshops. For both
of these workshops, the design mock-ups were presented to the users and questionnaires
were provided, which were on the one hand focusing on the contents of the mock-ups, and
on the other hand on the proposed workflow and the tools used. This way, the workflow
could be evaluated twofold: directly by subjective user feedback and indirectly by checking
whether users can evaluate a newly designed system based entirely on mock-ups.

3.1. Initial Phase and First Workshops

At the beginning of the project, questionnaires were distributed to all stakeholders in
the project, in which questions were asked about the status quo and how people understood
their roles in the project. Three interdisciplinary workshops were then organised. These
were used to develop the process already described in Section 2.4 and to coordinate it
with the consortium. Air traffic controllers, developers, designers, and subject matter
experts (SMEs) were involved in the workshops. The aim of the workshops was to develop
the stakeholders’ requirements and mental models [31] for the CWP, to define the exact
workflows and to establish communication channels, tools, and responsibilities. Regarding
the design, the feedback from the ATCOs was particularly important; with regard to the
development and workflows in the project, the requirements and ideas of the people
involved in the development process were essential. The workflow was enriched by many
meetings and workshops, which were held both remotely and on-site. The focus here
was often on brainstorming and coordination within the team as well as with the user.
The software packages Adobe XD and then Figma were used to create the prototypes,
to which both the designers and the developers had access. The results agreed upon by
the team and the user were then transferred to the actual software in order to keep the
development effort as low as possible. With regard to the visual design, the design team
used schematic illustrations of various concepts. Surveys and discussions were held with
controllers from DLR and MUAC. They evaluated which representations are useful for the
software and which design features have disadvantages. As such surveys are not generally
valid statements and are always based on personal preferences, the controllers’ opinions
were seen as a tendency and compared with other results, interviews, and research bases.

3.2. Main Workshop

To evaluate the design proposals that were developed as described in the previous
section, some examples were prepared as high-fidelity prototypes of a controller working
position with some basic interactions for an evaluation workshop. Six test persons were
invited for the evaluation. Three of them were active air traffic controllers from Germany
and three were retired ATCOs (one German, two British). They had different levels of
experience as air traffic controllers as some of them had just finished their training and
some had many years of experience. The workshop was split in two parts and each test
person performed the workshop individually. In the first part, mock-ups were displayed
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on a demo working position (Figure 5) and the controllers were guided through them
by the DLR development team. The individuals had up to five minutes to interact with
each mock-up and ask questions. Afterwards, they received a questionnaire to the specific
mock-up for general feedback to the usability and quality of the features on the one hand,
and answer mock-up specific questions on the other.

Figure 5. The demo working position used to carry out the main workshop [6].

Mock-ups were shown for five different topics:

• Air situation display design
• Track label design
• Track label interactions
• Layout
• Advisories and conflicts

The mock-ups were a mixture of static images and interactive demos. Figure 6 de-
picts one of the mock-ups that was used to show the overall design of the air situation
display. It contains a hover functionality to expand the track labels of the flight for a more
realistic feeling.

Figure 6. The air situation display design mock-up used in the main workshop.

After all mock-ups were examined by the users and the corresponding questionnaires
were completed, the second part of the workshop began. In this part the controllers received
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two additional questionnaires in which they could evaluate the mock-up tool Figma and
the new workflow. These questionnaires did not refer to the actual designs shown in the
previous step, but only to the general idea of using design mock-ups to include users at an
early stage and throughout the whole development process. At the end, there was some
additional time for an open discussion and questions regarding design and workflow.

In the following weeks after completing the workshop, the feedback was evaluated and
some of the recommendations were applied to new versions of mock-ups and considered
during the following implementation of software prototypes.

3.3. Follow-Up Workshop

Hosting a workshop as described above comes with a high cost for multiple reasons:
each participant needs to travel to the location, several supervisors are needed to help and
guide the test person and to take notes, and lastly it takes a lot of time, as only one test
person can perform the workshop at a time. For these reasons, the cost of a workshop
rises drastically with the number of participants. However, for a robust evaluation, it is
necessary to involve as many participants as possible, and as described in Section 2.4, these
iterative review workshops must be performed regularly. Therefore, a way was explored
how to involve more participants regularly in such a review workshop, without increasing
the cost even further, by performing a follow-up workshop remotely.

It is possible to simply send the workshop material (Figma mock-ups and online
questionnaires) to the participants and let them perform the workshop on their own and in
their own time. Nevertheless, there are some possible negative aspects to this process. If the
mock-ups are not properly explained the participants might not understand everything
and questions cannot be clarified as easily as in-person. This can be somewhat alleviated
by adding detailed explanations to the mock-ups. Another possible problem is that the
mock-ups might not look as intended because of the different hardware conditions of
the participants.

In order to test the feasibility of the remote workshop and to continue checking the
usability of the proposed workflow, the attendees of the initial workshop were invited to
participate in a remote follow-up workshop. In spite of the time constraints of ATCOs, half
of the participants (i.e., three), agreed and the remote workshop took place a few weeks
after the main workshop. Organizing another in-person workshop in this short time frame
would not have been possible. For the follow-up workshop, some new Figma mock-ups
were created containing weather widgets and incorporating some of the feedback from
the main workshop. Online questionnaires were created using the web-tool Lime Survey.
The questionnaires were structured the same as in the main workshop (first part with
one questionnaire per mock-up topic, second part in which the general workflow and the
mock-up tool were targeted). The questions of the second part were kept exactly the same
as in the initial workshop to enable an evaluation of how the opinion of the workflow and
mock-up changed after the remote workshop. Since the users should perform the workshop
alone and without the guidance of any developers or designers, extensive descriptions of
the mock-ups and possible interactions were created and combined with the questionnaires
to guide the users through the evaluation process.

• Inclusion of previous feedback
• Weather in radar screen (three variants)
• Weather advisories (two variants)
• Weather in sidebar (two variants)
• Permanent wind information (two variants)



Aerospace 2025, 12, 114 11 of 21

Figure 7 shows a weather advisory mock-up that was used in the remote workshop.
It displays a proposed route change to avoid a dangerous weather area and contains
interactions to accept or decline the proposed detour route.

Figure 7. One of the weather mock-ups used in the remote workshop.

3.4. Questionnaires

This section presents the questionnaires that were used to evaluate the features,
the evaluation workflow as well as the overall quality of the mock-ups and their suit-
ability to evaluate CWP features.

3.4.1. User Experience Questionnaire

The User Experience Questionnaire (UEQ) is a widely used instrument for assessing
the user experience of interactive products and systems [32]. The UEQ offers a structured
approach to evaluate various aspects of the user experience, encompassing pragmatic
and hedonic qualities. Pragmatic quality refers to how well a product meets its intended
purpose, i.e., its effectiveness, efficiency, and usefulness, whereas hedonic quality pertains
to how enjoyable or pleasurable the user experience is. The short-form version of the
questionnaire (UEQ(S) [33]) further minimizes respondent burden and the length of the
questionnaire while still providing robust insights into the user experience. Using this
standardized questionnaire, a comparative evaluation is possible across different iterations
of the design.

3.4.2. Feature Questionnaire

In addition to the standardised UEQ scales, custom questions tailored to the specific
context of ATC operations and the specific feature are incorporated into the questionnaire
as open-ended questions. These questions delve deeper into domain-specific concerns,
such as task relevance, information clarity, and system integration, augmenting the UEQ’s
evaluative scope with targeted inquiries for the individual features.

Using the UEQ(S) questionnaire in combination with open-ended questions to facilitate
discussion in our iterative design workflow, our aim is to systematically assess the impact
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of proposed features on the user experience of ATC working positions. The complete
questionnaire not only enables quantitative measurement of user perceptions but also
facilitates qualitative insights through open-ended responses, enriching our understanding
of user needs and preferences.

3.4.3. Workflow Questionnaire

After the users had completed the questionnaires for each feature, they were asked
to evaluate the entire workflow of using design mock-ups and questionnaires for feature
evaluation by stating their agreement to six statements about the evaluation process on a
scale from four (Completely Agree) to zero (Completely Disagree).

The statements about the overall evaluation workflow were as follows:

(A) I can very well imagine being involved in the design process on a regular basis
through the design evaluation process.

(B) I find the evaluation process to be unnecessarily complex.
(C) I can imagine most ATCOs understanding the evaluation process quickly.
(D) I had enough information available to participate in the design evaluation process.
(E) The mock-ups had enough functionality/contained enough information.
(F) I think it is important that ATCOs are involved early in the design process.

3.4.4. Mock-Up Tool Questionnaire

The last questionnaire was used to evaluate the overall quality and usability of the
mock-ups. Six additional statements were given to the users, who were again asked to state
their agreement or disagreement.

The statements about using the mock-ups were as follows:

(A) I find the mock-ups easy to use.
(B) I think I would need technical support to use the mock-ups.
(C) I imagine that most people will learn to master the mock-ups quickly.
(D) I find the mock-ups very cumbersome to use.
(E) I felt very confident using the mock-ups.
(F) I had to learn a lot of things before I could work with the mock-ups.

4. Validation Results
This chapter summarises the results of the individual workshops with ATCOs and

SMEs in regards to the workflow. The results of the UEQ(S) and open discussions are
not analysed in detail in this work, as they are not relevant for the workflow evaluation.
They are only presented briefly to evaluate whether the participants were able to properly
evaluate the features based on the mock-ups.

4.1. Main Workshop Results

The results of the in-person main workshop will be presented first. They are divided
into the User Experience Questionnaire (Short) Results, the summary of the Workflow Eval-
uation Questionnaire, the Mock-up Tool Evaluation Results and some Qualitative Results.

4.1.1. User Experience Questionnaire (Short) Results

With the evaluation of the different scales in the UEQ(S), a score for pragmatic quality,
hedonic quality, and overall quality was calculated for each presented feature. The pre-
sented features included the air situation display, track label design, track label interaction,
the layout with floating windows, the layout with the attached sidebar, and the various
conflict advisories. Figure 8 shows the overall scores for each feature. The scores can be
interpreted as follows: maximum and minimum values are 3 and −3, but values above 2
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and below −2 are already extreme results that are only achieved rarely. Any value above
1.6 can be seen as an excellent result. Results between 0.8 and 1.6 are above average. Values
between −0.8 and 0.8 can be seen as a neutral evaluation. Anything below that is a negative
result [32].

Figure 8. Overall quality scores of the individual mock-up features.

All participants completed the UEQ(S) and the mock-ups presented for each feature
were rated with an overall score of above 1. This shows that the user experience was
perceived in general very positively. Nevertheless, the differences in the scores could be
analysed in more detail to determine which features could still be improved, enabling the
iterative process of the proposed workflow.

4.1.2. Workflow Evaluation Questionnaire

Participants were given six specific statements about the workflow and their opinion
of contributing to designing the CWP (see Section 3.4.3).

The statements were rated on a scale from zero (Completely Disagree) to four (Com-
pletely Agree), and the responses of the six participants were analysed. The results of this
questionnaire can be found in Figure 9. A standard box plot is used, displaying the mean,
the standard deviation, and outliers (o symbol).

Figure 9. Evaluation of the workflow statements.

Participants expressed a strong willingness to be regularly involved in the design
process (statement A), with a high mean score of 3.5 and a relatively low standard deviation
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of 0.76, indicating general agreement and consistency in their responses. Conversely,
the complexity of the evaluation process (statement B) was rated with a low mean score of
0.67 and a standard deviation of 0.75, suggesting that most participants did not find the
process of evaluating the mock-ups to be overly complex.

Regarding the understanding of the evaluation process (statement C), participants
gave an average rating of 2.67 (stddev 1.25), indicating some variability in their perceptions.
The availability of sufficient information (statement D) for participation was rated positively,
with a mean of 2.83 and a standard deviation of 0.69, reflecting a general consensus that the
information provided was adequate.

The functionality and informativeness of the mock-ups (statement E) received a fa-
vorable mean score of 3.17, with a standard deviation of 0.90, showing that participants
generally found the mock-ups to be sufficiently detailed. Lastly, the importance of involv-
ing ATCOs early in the design process (statement F) was highly rated (mean of 3.5, stddev
1.12), underscoring the perceived value of early ATCO engagement.

In summary, the workshop questionnaire results highlight a positive outlook towards
regular involvement in the design process and the adequacy of provided information
and mock-ups.

4.1.3. Mock-Up Tool Evaluation Results

In the same way that the workflow itself was evaluated, the adequacy of the mock-ups
was rated by the users by rating their agreement with the statements (see Section 3.4.4).
The results are presented in Figure 10.

Figure 10. Evaluation of the design mock-up statements.

Participants strongly agree (mean 3.83, stddev 0.37) that they find the mock-ups easy
to use (statement A). This suggests a high level of satisfaction with the usability of the mock-
ups. There is a moderate level of agreement with statements C and E (means = 3.33 and
3.17) that people will learn to master the mock-ups quickly and participants felt confident
using them. However, there is some variation in opinions regarding these statements with
standard deviations of 0.75 and 0.69, respectively. Many participants disagree (mean = 1.0,
stddev 1.0) with statement B that they would need technical support to use the mock-ups.
Also, they mostly disagree with statement D that the mock-ups are cumbersome to use
(mean = 1.00, stddev 1.15). This might indicate that most participants feel comfortable
using the mock-ups without assistance. This is confirmed by the strong disagreement with
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statement E (mean = 0.17, stddev 0.37), that a lot of things had to be learned to use the
design mock-ups.

Overall, the participants generally agree that the design mock-ups are easy to use and
can be mastered quickly. However, there is some variation in opinions on the need for
technical support and confidence in using the mock-ups.

4.1.4. Qualitative Results

At the beginning of each test series, the participants were asked whether they had
ever taken part in a similar iterative development process for a CWP or whether they could
remember a similar process having taken place in their ANSP environment. This question
was answered negatively by all participants.

After each test run, an open briefing was held to allow the ATCOs involved to ask
questions, discuss comments, and make their own suggestions about the workstation and
information display. These were not analysed quantitatively, but they show a clear trend as
to which topics controllers are currently concerned about in their working environment
and the typical workflow. A total of 152 comments and suggestions were noted, which
could be divided into separate categories like track label, colours or weather presentation.

This extensive amount of feedback proves that the mock-ups were sufficient to let
the participants examine the presented features and to start discussions about possible
improvements for the next iteration steps.

4.2. Follow-Up Workshop Results

The results of the remote follow-up workshop are briefly presented here and compared
to the results of the main workshop to evaluate if such a remote workshop is a viable
alternative and to outline some challenges.

4.2.1. Follow-Up Workshop User Experience Questionnaire (Short) Results

As before, the UEQ(S) questionnaires are evaluated first and the condensed results are
displayed in Figure 11.

Figure 11. Overall quality scores of the individual mock-up features from the follow-up workshop.

The results in the remote workshop are much more mixed than in the initial workshop.
Some of the mock-ups were evaluated extremely well, while others were rated in a more
discerning way. Nevertheless, these results give valuable insights on the user experience of
the different features, enabling improvements in future development iterations.
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4.2.2. Follow-Up Workshop Workflow Evaluation Questionnaire

For the workflow evaluation, the same statements were used in the remote workshop
as in the initial workshop (see Section 3.4.3). This way the results can directly be compared.
Figure 12 shows the evaluation of the workflow statements of the remote workshop.

Figure 12. Evaluation of the workflow statements from the follow-up workshop.

The participants rated the statements in the follow-up workshop even more positively
then in the initial workshop. Statements A, C, D and F all received the maximum rating
from all participants. As one participant wished for more information for the mock-up,
statement E received a score of 3.33, which is still a very high value and higher than in
the initial workshop. Statement B, which was about the complexity of the workshop, only
received a value of 0.33 with a standard deviation of 0.67, showing that all participants
were easily able to conduct the workshop on their own.

A possible explanation for why the results in the follow-up workshop are even better
might be that the participants now conducted such a workshop for the second time and
became therefore more familiar with the used tools and the process.

4.2.3. Follow-Up Workshop Qualitative Results

The participants of the remote workshop also had the opportunity to answer open
questions to give more detailed feedback. Generally, all participants were able to success-
fully complete the workshop within the planned time of one hour and agreed that it is
not too difficult to perform it on their own. The mock-ups were understandable, thanks
to the descriptions that were provided. There were little to no technical difficulties with
the software that was used for the workshop, but some of the participants noted some
difficulties due to the size of their computer screens.

Each participant stated that they would gladly take part in future workshops in
this form, which shows that these types of workshops are engaging and interesting for
the participants.

In total, the participants gave 69 answers to the open questions. Comparing that
amount of answers from the 3 participants to the 152 answers of the 6 participants in
the main workshop, it can be seen that the remote workshop was almost as effective at
gathering open feedback as the in-person workshop. But many of the text responses in
the remote workshop were only short and direct answers, while most of the responses in



Aerospace 2025, 12, 114 17 of 21

the in-person workshop stemmed from discussions and can therefore be seen as higher
quality answers.

5. Discussion
The main workshop and workflow show the benefits of a proven concept, while remote

workshops bring new opportunities with some challenges. Both types of workshops and
the new workflow are discussed in the following sections.

5.1. Main Workshop and Workflow

The main workshop delivered very positive results for the evaluation of the proposed
workflow. All participants were able to properly evaluate each mock-up and gave a lot of
additional feedback in the open questions, showing that the concept of the evaluation using
mock-ups works well. The direct questions for the main workshop were also answered
very positively, showing that the participants agree with the idea of including ATCOs
in the development process in the manner presented here. However, the relatively low
number of participants, especially in the remote and therefore completely digital follow-up
workshop, does not allow for statistically significant statements to be made about the
degree of approval for the early involvement of controllers in the software development
process. Nevertheless, the evaluation was a successful case study and a proof-of-concept
to show how the workflow could be executed. The designs developed in this work were
used to show the workflow in action. The complete iterative methodology described in
Section 2.4 was performed in a short time frame of few months within the research project.
This very fast progress combined with the overwhelmingly positive direct feedback from
the users and the indirect results from the large amount of feedback to the mock-ups,
proves that the presented workflow can indeed be utilized to improve and speed up the
software development process in the ATC domain the same way as in many other domains,
where similar workflows are already standard procedures.

The standardised UEQ(S) evaluation of every mock-up also proved to be a good
method to evaluate these types of mock-ups. All the participants were able to quickly
understand the questionnaires and answer them without much need for assistance. The re-
sults collected for the mock-ups were generally also very positive in the main workshop.
Most participants were impressed by the design of the mock-ups and would like to see
similar designs in their own software that they use on a daily basis. Additionally, the partic-
ipants gave constructive feedback for possible improvements in the open questions to the
mock-ups. Nevertheless, the used questionnaires need to undergo validity and reliability
testing, to ensure the reliability of the results.

In other software development domains, similar workflows have been successfully
applied for a long time. Agile and user-centred software development are not new con-
cepts [19,22]. However, in the domain of ATC software development, they are, at least in
Europe, yet to be used often, based on the interview with German ATCOs, subject matter
experts and ATC software developers. Therefore, introducing these concepts into this
domain, adapting them to the specific constraints, and showing that they are feasible and
advantageous to use, would improve future software development processes for ATC
software if they are applied by the industry.

5.2. Remote Workshop

The remote workshop, as described in Section 3.3, was successfully completed by
every participant without any further assistance. All questionnaires were filled in by each
participant and a lot of further feedback was given for the open questions. The number of
answers to the open questions per participant in the remote workshop was very similar
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to the number of answers per participant in the main workshop. This shows that such a
type of workshop is feasible after an initial introduction to the topic. Therefore, it alleviates
the challenge of the low availability of air traffic controllers, which is one of the biggest
difficulties with classical agile or user-centred approaches when applied to the ATC domain,
as explained in Section 2.

The results of the UEQ(S) evaluation were much more mixed then in the main work-
shop. This can be explained with the reduced preparation time of the follow-up workshop
and the lower number of participants. The ideas and designs, based on which the mock-ups
of the main workshop were created, were very refined and some of them already went
through earlier evaluation iterations (see Section 3.1). The mock-ups of the follow-up
workshop on the other hand, were created in a short time frame after the initial workshop
based on the feedback collected there. They were therefore not as refined and various
different ideas were tried out. Some of these ideas received very negative feedback in
the UEQ(S) questionnaires. This negative feedback is not a problem, but actually just as
helpful as positive feedback. It shows that the idea shown in this specific mock-up is not
accepted by ATCOs and should therefore not be followed further. The negatively evaluated
designs can now be filtered out at an early stage and no additional development time will
be spent on these ideas. Performing this workshop early in the development cycle saved a
lot of time that otherwise would be needed to create more sophisticated prototypes of these
features. These results again show the advantages of the improved development workflow
by filtering features in very early development stages, with only a low cost.

However, some challenges were identified when the follow-up workshop was con-
ducted remotely. Firstly, it is necessary that every mock-up contained in the workshop is
explained extensively because the participants might otherwise have difficulties under-
standing them or focus on the wrong parts of the mock-ups. Secondly, it is not possible
to ensure that all participants have the same conditions while performing the workshop.
Two participants in our remote workshop pointed out that their computer monitors were
too small, and therefore the mock-ups were harder to assess. This means the results of
such a remote workshop either need to be evaluated more carefully with these possible
problems in mind or other measures need to be taken to ensure the correct execution of
the workshop. A possible idea, which was also supported by one of the participants of the
remote workshop, would be to make a computer available at a location that is accessible for
air traffic controllers (e.g., a break room in an ATC centre). This would ensure a sufficient
hardware setup and controlled environment for every participant to conduct the design
evaluation remotely.

6. Summary and Outlook
In this work, a new workflow for the development of air traffic controller working

positions was envisioned. The workflow resembles agile software development with a
high focus on the involvement of users and different stakeholders in the development
process. The workflow was tested in a research case study by developing designs, mock-ups,
and prototypes of an en-route controller working position. The designs and the workflow
were evaluated using mock-ups in two workshops with air traffic controllers who provided
very positive feedback on both accounts. With these workshops, it was possible to evaluate
the new workflow in two ways. Firstly, the workflow was applied to real-world examples
and all the required steps of one design iteration, starting at the design phase, the feedback
collection from users, and lastly the incorporation of feedback after the workshops, were
performed. This way, the usability of the workflow was evaluated first hand by the
designers and developers. Secondly, the workflow was also evaluated directly by active air
traffic controllers, who as users represent the most important stakeholder group.
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In particular, when describing the new approach Section 2.4, many sources were
referenced that explore the user-centred approach in the air traffic control context. In par-
ticular, the work of König et al. has already described recursive processes and greater
user participation in development as a productive approach in the presentation of weather
phenomena [28] and the design of tower workstations [30]. The task now is to imple-
ment the results in actual development and application in the future. Challenges in the
application of the principles from DIN EN ISO 9241-210 [22] were also taken from pre-
vious projects [21,24,25]. Analysing this research made it possible to detect problems at
an early stage and adapt the process. This resulted in the iterative process loops, which
were integrated into a linear process chain so that requirements and formalities from the
safety-critical and highly work-intensive development of air traffic control interfaces could
be met and still allow iterative work steps, at least in phases.

The next necessary step is to apply the new workflow to a real-world setting when
developing a CWP for a customer, rather than just using it in a research environment.
The project partner Frequentis Orthogon is already starting to adapt their internal processes
according to Section 2.4 and has successfully started to incorporate the design developed
in this project into their latest products. To really push the general industry of the ATC
domain to modernize their software development processes and reap the described benefits,
it is important that more commercial companies and especially ANSPs start accepting and
applying a workflow as described in this work.

Some questions that were beyond the scope of a research project still remain open: will
customers accept a design as part of a formal specification? If so, where should the boundary
between design and formal requirements be drawn? How can it be verified if a developer
correctly implemented a design, and who should perform this check: quality assurance,
UX experts, or both? What is the best abstraction for which problem? These remaining
questions could be answered if the workflow and design were used in a larger project
with an ANSP as a client. Furthermore, it would be possible to carry out more extensive
evaluations with a larger number of participants in order to obtain more statistically
significant results.
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Abbreviations
The following abbreviations are used in this manuscript:

ADS-B Automatic Dependent Surveillance—Broadcast
AMAN Arrival Manager
ANSP Air Navigation Service Provider
A-SMGCS Advanced Surface Movement Guidance and Control System
ATC Air Traffic Control
ATCO Air Traffic Controller
CPDLC Controller Pilot Data Link Communication
CWP Controller Working Position
DLR Deutsches Zentrum für Luft- und Raumfahrt
DMAN Departure Manager
HMI Human Machine Interface
ISO International Organization for Standardization
MTCD Medium-term Conflict Detection
MUAC Maastricht Upper Area Control
SME Subject Matter Expert
STCA Short-term Conflict Alert
TSAS Terminal Sequencing and Spacing
UEQ(S) User Experience Questionnaire (Short)
UX User Experience
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