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ABSTRACT1 

Machine learning is being adopted in a wide range of products and services. Despite its adoption, 
design and research processes for machine learning experiences have yet to be cemented in the 
user experience community. Prototyping machine learning experiences is noted to be particularly 
challenging. This paper suggests Wizard of Oz prototyping to help designers incorporate human-
centered design processes into the development of machine learning experiences. This paper also 
surfaces a set of topics to consider in evaluating Wizard of Oz machine learning prototypes. 

1 INTRODUCTION  
Machine learning (ML) allows a system to perform a task based upon examples of how to 

perform the task [12]. ML has the potential to dramatically alter the experiences of our products 
and services. Designing and implementing ML remains a contemporary challenge for designers and 
ML practitioners [33].   

Designers aren’t currently involved in the early design of ML experiences [34]. This contrasts 
with the typical role of the designer, where designers are typically responsible for user feedback 
and insights throughout development. In contemporary ML development processes, the end user’s 
ability to affect the resulting model is limited, manifesting most strongly in Interactive Machine 
Learning (iML) systems [1]. In iML, the user tunes the system with their activity [1]. The training  
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of the model is framed as an HCI task and the user iteratively refines the model [1, 11]. This 
process assumes that the model selected is the best one chosen, the mechanisms in which the 
model receives input is the best way to receive input, and that users understand how the model 
works. Waiting on feedback from users once the model is fully developed is expensive, time 
consuming, and dependent on large data sets [3]. 

Contemporary UX methodology is perceived to be lacking a prototyping method for ML 
experiences [9]. Design prototyping literature lacks any mention of how to test ML based 
experiences [22, 30]. Early prototyping of ML experiences is important given the interface is critical 
to the success of ML systems, with poor interaction design leading to degraded performance [11]. 

Low-fidelity prototyping methods (e.g. paper prototypes) offer designers frugal means of 
generating insights early on in a system’s development [30]. A low-fidelity method to prototype 
ML experiences would bridge the gap in getting designers involved earlier on in the process, 
helping designers understand the models more sincerely, and generating user feedback on the 
model design. This paper suggests Wizard of Oz (WOz) prototyping for ML experiences and offers 
a set of topics to help designers evaluate their prototypes.  

 
2  WIZARD OF OZ PROTOTYPING AND MACHINE LEARNING 
2.1 Wizard of Oz Prototyping 

WOz prototyping is a prototyping method where participants are made to believe that they 
are acting with a functional system, but instead the experimenter acts as the "wizard", a proxy for 
the system behind the scenes [18]. The “wizard” emulates the system’s intelligence and interacts 
with the user through a real or mock computer interface [21]. WOz prototyping allows designers 
to test ideas at a lower cost than developing a functioning system, eliciting feedback early and 
throughout the development process [10, 14]. Researchers have used WOz prototyping to test 
systems in an array of contexts; interface designs, UIs for teaching an unmanned aerial vehicle, 
natural language dialogue systems, speech recognition systems, recommender systems, and even 
to garner children’s mental models of ML systems [7, 13, 16, 21, 26, 27, 31]. 

 
2.2 Wizard of Oz for Machine Learning 

WOz surfaces as an ideal prototyping method for testing ML experiences given the 
experimenter can mimic the model’s computations and get feedback early in the development 
process [10]. Insights surrounding the design, user perception and behavior of the model can be 
gleaned from users at a low cost, rather than waiting until the model is fully developed.  WOz 
prototyping allows the designer to test out the experience of their model without sacrificing the 
benefits of low-fidelity testing. This requires the designer to understand the constraints and  
affordances of the models to be tested while being inventive in garnering the data necessary to 
simulate the experience.  
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A hurdle in developing a representative WOz prototype is in understanding the abilities and 
constraints of the model. The wizard’s behavior should be based on an algorithm and maintain a 
constrained interaction model [21]. This will require clarity on model behavior and limitations. This 
understanding benefits the designer in informing the design of the explanation of the model in the 
help and documentation, while increasing their ML domain knowledge. This hurdle will require 
closer collaborations between data scientists and designers earlier on in the product development 
process as the UX field adapts ML as a design material.  

An additional hurdle is in garnering the least amount of data needed to emulate the 
experience and “wizard” that information into the prototype. Prototypes lack the data that 
functional ML systems work with [2]. This demands the designer to be resourceful in getting 
enough data. For instance, if an experience based on a user’s preferences is being tested, the 
“wizard” could be a survey sent to the user before the test to garner their preferences [20]. The UI 
could then be sketched to reveal those preferences in a way that reflects the envisioned model as 
the user progresses through the test. If the model is more dependent on in the moment decisions 
and activities of the user, the experimenter could sketch the imagined model output in the moment 
before presenting the next state of the prototype with those decisions reflected. The designer will 
mimic the model by making on the fly decisions on how the model would behave based on the 
user’s actions and preferences, remaining within the constraints of the model.  

These hurdles present limitations to WOz prototyping for ML. ML systems tend to use large 
data sets, with systems behaving differently depending on the data they were given. Additionally, 
different model types may be harder to mimic and explain than others (e.g. neural networks). 
However, the benefits of getting user feedback on the system early in its development far outweigh 
the cons of having a less than perfect simulation.   
 
3  EVALUATING THE EXPERIENCE 

A ML WOz prototype presents specific topics to consider when evaluating; how the user 
controls, gives feedback to, and understands the model [6]. 
 

3.1 User Control 
Through WOz prototyping, designers will evaluate how well the user can control the system 

through the UI. Designing how the user manipulates the model deserves the most attention in 
designing ML systems [11]. The user ought to be in control of the system, being able to steer it, 
turn it off, turn it on, undo actions done by the system, and tweak the system when necessary [4, 
6, 24]. It's important to evaluate if the user can discover how to manipulate the model through the 
UI, with such actions represented as explicitly as possible [6]. Uncovering if the user understands 
the task and how the interactions help the system achieve a goal is a necessity [11]. In evaluating 
user control in a WOz prototype, the experimenter asks the user how they would do such actions. 
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3.2 Testing Model Conditions  
It's important to understand how users react to the system’s output when given true positives, 

false positives, true negatives, and false negatives [20]. Experimenters can test these conditions to 
understand how users react to possible suggestions from the model, how users correct and provide 
feedback on the model, and how the outputs affect their trust in the system. 

An important aspect of testing the model’s conditions is in learning if the user understands 
how to contest and correct the model’s output. For instance, if the model fails in a certain instance, 
it should surface why it made that decision and allow the user to give it feedback [6]. This informs 
the accuracy of the model, increases the quality of the model, increases user comprehension of the  
model, allows for the surfacing of implicit biases in the model, and increases the feeling of control 
[6, 15]. For instance, if a recommender system recommends content that is faulty, the user should 
be able to supply input to the model that it was faulty and correct it [1]. This puts the user more in 
control of identifying a misspecification of the learner and gives them the tools to potentially 
debug the model [8]. In a WOz prototype, the user can be given an output with each of these 
conditions and asked how they might go about reaffirming or rejecting the output.  
 
3.3 Explanations and Status of the Model  

Designers will evaluate users’ understanding of how the model works. In order to build trust 
with the system, the user ought to be able to understand at a high-level how the system works and 
how it is working. This notion follows long standing principles of documentation and system status 
in interaction design, in the ML field known as Explainable AI (XAI)  [19, 23]. Helping the user 
develop an appropriate mental model of the model is important in making the output 
understandable, building a sense of the expected model behavior, and in informing the user’s later 
inputs [8, 24, 25]. An inaccurate mental model could have detrimental effects on the system. An  
explanation should offer cognitive value to the user and clearly communicate the type of 
explanation relevant for their context [5]. The explanation should encompass model performance 
on a specific sample instance, model performance in a more general context, and constraints of the 
model [11]. If the goals of the model aren’t clear to the user, users may give incorrect inputs [11].  

Successful explanations range from showing the relationship between inputs and outputs, to 
allowing the user to test inputs to see the effect on the output, to showing confidence or accuracy  
scores to convey the degree of certainty with each instance [6, 15, 17, 29]. All cases embrace 
human-readable illustrations and interactions [6]. Legibility of the model is intrinsically coupled to 
user’s trust and willingness to adopt the system, with the model being perceived as more accurate 
as legibility increases [15]. Successful explanations can be seen as an extension of Nielsen’s system 
status, where the system is confident a certain amount in its’ evaluation [23].  
        In a WOz prototyping test, this can be gleaned from separate questions for the user 
throughout the test; asking the user how the system works, how they know it works, how they 
might find out it works, and if they trust it. These can be evaluated instance by instance and more 
generally concerning the system as a whole. 
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4 CONCLUSIONS 
Wizard of Oz prototyping is an ideal methodology for prototyping machine learning 

experiences. Designers ought to evaluate their prototypes upon how well they keep the user in 
control, how users respond to different model conditions, and how clear the explanation of the 
model is. Future work will present case studies evaluating WOz’d ML experiences, surface 
methodologies for designers to understand when to apply ML after generating user insights, and 
drive towards processes for incorporating human-centered practices in the development of ML.  
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