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Abstract. This paper introduces NexOz, an approach to facilitate in-
cremental integration of AI components into interactive systems using
a Wizard of Oz (WOz). The paper explores various challenges of AI in-
tegration, such as contextual understanding, conversational interaction,
state tracking, and gesture recognition, particularly within the context of
the Flanders Make OperatorAssist project in the manufacturing industry.
NexOz allows developers to simulate AI functionalities through human
intervention, enabling rapid prototyping, experimentation, and data col-
lection. By leveraging human operators to emulate AI behavior, NexOz
facilitates the design and testing of dialogue flows, interaction patterns,
tracking mechanisms, and conversational designs in real-time, without
having a fully-fledged implementation of AI-based solutions. Through
iterative refinement and continuous feedback loops, NexOz offers a prag-
matic approach to navigate the complexities of AI integration in inter-
active systems.
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1 Introduction

As artificial intelligence (AI) continues to advance, there is a growing demand
for seamless integration of AI within interactive systems to enhance user expe-
riences, improve system performance, and unlock new capabilities. This integra-
tion, however, presents a multifaceted challenge that encompasses both technical
and user-centric hurdles [1, 9], ranging from algorithmic intricacies and perfor-
mance to user acceptance [8, 13, 14]. As a result, traditional approaches to AI
integration often face obstacles such as long development cycles, high implemen-
tation costs, and difficulty in capturing real-world user interactions. Addition-
ally, concerns about transparency, accountability, and bias in AI-driven systems
further complicate the integration process.

In this paper, we explore integrating AI into interactive systems by utiliz-
ing a Wizard of Oz (WOz) approach to remediate and facilitate these chal-
lenges, as indicated by Browne [3]. Drawing inspiration from the classic WOz
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approach of simulating system capabilities through human intervention [4], we
implemented a WOz tool that leverages both basic levels of technical automation
(e.g., communication among system components, capturing and replaying input
streams, logging) and human cognition (e.g., natural language understanding
and conversation, system context definition, pattern recognition) to address the
complexities inherent in AI integration. NexOz integrates a nexus architecture,
characterized by a back-end core where all communication and interactions be-
tween technical components converge, with Wizard of Oz techniques, providing
a unified platform for diverse simulations across a wide range of devices.

One of the primary benefits of leveraging a WOz approach is its ability to fa-
cilitate rapid prototyping and experimentation. Given the fast-paced AI develop-
ments, agility and adaptability are paramount. By employing NexOz and human
operators to simulate AI functionalities, developers can rapidly prototype, evalu-
ate, and iterate on AI-driven features without the need for fully implemented AI
systems. This enables quicker validation of concepts and refinement of function-
alities, and ultimately accelerates the development cycle. Furthermore, the use
of a WOz approach in a test or operational environment provides an invaluable
opportunity to collect data logs of user interactions [6, 11], which can serve as
a resource for training and refining AI algorithms, and capture real-world user
behavior, preferences, and feedback.

The paper’s contributions are twofold, with the first being the introduction
of an approach for AI system development that employs an iterative process to
gradually reduce dependence on human inputs. Additionally, the paper discusses
the application of the approach by presenting some practical scenarios, showcas-
ing the incremental integration of AI-based modules in the context of a research
project on a digital assistant in the manufacturing industry.

2 Positioning in literature and development process

In literature, the WOz approach has found applications in various domains, in-
cluding natural language interactions [20], human-robot interactions [16], auto-
mated vehicles [5], data analysis [8]. One of the main motivations for employing
a WOz approach when integrating AI is that it offers the means to explore and
develop systems without immediately committing to extensive engineering ef-
forts [19, 20, 24]. Initially, designers determine possible design features and are
then able to assess the feasibility through the simulated environment [12, 16, 19].

Throughout the development process, it is essential to collect data from user
interactions [7, 17] to improve the system and even use it to train future imple-
mentations of the AI, forming a continuous feedback loop where the AI (once
integrated) can learn from its own actions, adapt, and improve over time. By
logging and annotating these interactions [15], designers can gain valuable in-
sights into user preferences, potential issues and areas of improvement. This
data-driven approach, leveraged by the intelligence of a human operator, enables
continuous refinement and optimization, ultimately leading to a more accurate
and responsive AI system.
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As the project progresses, the output from the exploratory WOz sessions
can be analysed to determine what future interactions with the AI system could
be like [15], by gradually incorporating more sophisticated functionalities. This
incremental approach allows for a natural evolution of the system, with each
iteration building upon the results of the previous ones [16, 23, 24].

Eventually, the system evolves into a partially integrated state where AI
algorithms start to take over certain tasks and responsibilities. This state is
sometimes referred to as a Wizard with Oz system (i.e., a human-centric method
that uses real technology in a simulated environment) [7, 16].

3 Incremental AI integration with NexOz

Many software projects share a similar base architecture, where clients com-
municate both internally and with external resources. Additionally, numerous
low-level functionalities (e.g., logging for analysis, interaction support, event
handling) have to be provided [2]. This is reflected in our NexOz’s architecture
(Figure 1), which revolves around a back-end nexus hub that acts as a modular
platform, in which components can be flexibly integrated or removed. This hub
also serves as a proxy layer for external services, abstracting their complexities.
Client devices all connect to the back-end hub, which in turn is connected to a
service bus for its communication with external components. The WOz compo-
nent is linked in such a way that it can inconspicuously emulate the behavior of
both internal and external components, and thus all kinds of application logic.

Fig. 1: Schematic overview of the architecture and positioning of NexOz (and a
simplified, somewhat abstracted overview of the OperatorAssist project).

The architecture of NexOz centers around a SignalR hub, serving as the back-
bone for communication by allowing real-time, bidirectional Remote Procedure
Calls (RPCs) between clients and the back-end hub. Additionally the back-end
hub also connects to the Service Bus (through MQTT, REST, ...) to communi-
cate with external components, such as the conversational agent. By proactively
establishing the protocols for data exchange, by defining concrete payloads and
message flows, the foundations for supporting specific AI functionality are laid.
The WOz component then, in effect, defines an alternative path throughout the
system, using the established protocols, to simulate AI behavior and responses.
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To demonstrate our WOz approach, we discuss some practical scenarios in
the context of the Flanders Make manufacturing industry research project ‘Op-
eratorAssist’, a four-year project that started in July 2021. Due to the scale of
the project and the complexity of the AI components, waiting for the devel-
opment of those components would cause a significant bottleneck. NexOz was
implemented to yield early results based on WOz simulations, which were incre-
mentally replaced with actual AI components. Additionally, NexOz also enables
flexible and repeatable tests. In the context of the OperatorAssist project, a test
iteration often involves manually assembling physical components, during which
the DA provides support based on, among others, a state tracker and conversa-
tional agent. NexOz can be used here to update the internal state to simulate
an assembly process.

3.1 Specialized conversational agent

Using a conversational agent to provide answers to specific domain questions
in an assembly environment poses several challenges. Firstly, the specialized
domain knowledge presents a significant hurdle, as assembly tasks often involve
intricate processes, technical terminology, and domain-specific jargon that may
be unfamiliar to generic AI models. To limit user effort in manually posing
(predictable) questions, the application will provide a convenient way to retrieve
a predefined list of possible questions the user might have. Furthermore, the
answer to specific questions can vary depending on the current context of the
assembly (see Section 3.2).

In NexOz, human operators can emulate responses in real-time, allowing
developers to quickly test dialogue flows, interaction patterns, and conversa-
tion designs. Human operators can dynamically adjust their responses based
on user inputs, mimicking the adaptability of conversational agents. NexOz al-
lows sending predefined replies from a list of frequently asked questions and
answers, while also allowing the human operator to provide custom answers.
Consequently, NexOz’s user-centric approach allows for quick adjustments and
refinements based on user feedback, ensuring that the eventual conversational
agent is intuitive, user-friendly, and aligned with user expectations.

The use of NexOz enabled us to incrementally build the DA, by mimicking
the intelligence when there was no AI yet to respond to the user’s prompts. An
important part of this first phase is to define the payloads and message flows
for the AI functionality, by constructing a concrete RPC protocol, which can
still evolve with new insights. Later, actual AI functionality was added to the
project to provide the user with a list of frequently asked questions to choose
from, where the questions are filtered according to the current context. With this
intermediate version of the AI component, it happens that the list of questions
does not include the question that the user wants to ask, or that some part of the
information is still missing. As the AI component does not yet offer a mechanism
for handling free-text questions at this point, this must still be handled by the
WOz. NexOz logs all these manual interventions, which gives the developers of
the AI component insights into issues with its current implementation.
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3.2 State tracking

The responses and behavior of the DA are based on an understanding of the phys-
ical context of the assembly, such as the current step in the assembly process or
the tools and materials that are being used. This kind of contextual information
is used, for instance, to filter questions by the conversational agent, as discussed
in Section 3.1. Therefore, the system requires a robust tracking mechanism that
establishes a representation of the physical state of the assembly, by relying on
a set of AI techniques, including computer vision and multi-sensor fusion.

By simulating state tracking with a WOz, initial components of the project
that are reliant on state information could be developed without an immediate
need for a high-fidelity state tracker. NexOz, as illustrated in Figure 2a, provides
the human operator with an orderly overview of the current assembly progress
and facilitates easily updating or overriding of the perceived state. The overview
shows both the step status as determined by the assembly operator and the status
as it is perceived by the (simulated) state tracking module, where the status can
easily be modified by clicking the appropriate action icon. Such modifications are
communicated to the rest of the system through the established RPC protocols,
rendering them indistinguishable from the eventual AI-based messages.

(a) State tracker module in NexOz.

(b) High-level logs after state update: Step 1 is detected as completed and Step 2
flagged as new active step. More details are logged and available for export.

Fig. 2: Screenshots of NexOz.

As the actual AI-based state tracking module evolved over subsequent itera-
tions, the system became able to use computer vision to automatically determine
the completion of steps, as well as the currently active step of the assembly. De-
spite these new capabilities, some actions remain hard to recognize reliably (e.g.,
actions with small or occluded parts) and still necessitate manual intervention
within NexOz from time to time. All the manual interventions in NexOz are
extensively logged (see Figure 2b for a summarized excerpt), whereby these logs
serve as part of a two-way feedback loop to further optimize the AI-based mod-
ule. In following iterations, we expect the state tracker to further optimize its
recognition capabilities, diminishing the need for manual updates.
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3.3 Gesture recognizer

The DA of the OperatorAssist project supports various input and output modal-
ities, including different kinds of gestures, ranging from interactions with a Leap
Motion controller [22] and smartwatch gestures [21] to unconstrained mid-air
gestures [10]. The support for gestures is thus quite generic and open-ended.

One of the primary challenges with recognizing gestures lies in accurately
capturing and interpreting nuances and variations. Gestures can vary signifi-
cantly depending on factors such as cultural background, individual preferences,
and environmental conditions. Therefore, an exploratory analysis is a valuable
preliminary step: by systematically exploring different gesture options, soliciting
user feedback, and iteratively refining gesture designs, developers can identify
the most effective and user-friendly gestures for a specific task.

To support such an exploratory phase, we used a WOz approach to add ges-
tures to our multimodal DA, similar to the approach of Salber and Coutaz [18].
NexOz provides the necessary features to test gestures without an actual AI
recognizer, as a human operator can easily recognize gestures and trigger the
associated interaction events through a configurable list of interactions (based
on the use case at hand). Triggering such an event invokes a message that fol-
lows the established RPC protocol for gesture detection. NexOz also allows for
logging the raw gesture data (e.g., finger movements detected by the Leap Mo-
tion controller) combined with the triggered event, resulting in labelled data.
Once an AI recognizer is operational, NexOz continues to play a valuable role
in logging, investigating and resolving errors in the gesture recognition.

4 Conclusion

This paper presents NexOz, our approach to incrementally integrate AI com-
ponents into interactive systems using a Wizard of Oz. We demonstrated the
practical application of this approach by showcasing several AI components,
namely a specialized conversational agent, state tracker, and gesture recognizer.
Overall, we argue that the use of NexOz offers a pragmatic solution to the com-
plexity of integrating AI into interactive systems, providing a bridge between
technological capabilities and user expectations. Through rapid prototyping and
leveraging collected data logs, this approach empowers developers to navigate
the complexities of AI integration.
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