The Needfinding Machine
Nikolas Martelaro and Wendy Ju

Abstract Interactive systems present new opportunities for creating devices that
attempt to learn the needs of people. However, inferring from data alone may not
always allow for a true understanding of user needs. We suggest a vision of Social IoT
where designers interact with users through machines as a new method for needfinding. We present a framework using interactive systems as Needfinding Machines.
Acting through a Needfinding Machine, the designer observes behavior, asks questions, and remotely performs the machine in order to understand the user within a
situated context. To explore a Needfinding Machine in use, we created DJ Bot, an
interactive music agent that allows designers to remotely control music and talk to
users about why they are listening. We show three test sessions where designers
used DJ Bot with people listening to music while driving. These sessions suggest
how Needfinding Machines can be used by designers to help empathize with users,
discover potential needs and explore future alternatives for Social Internet of Things
products.

1 Introduction
The Internet of Things has expanded beyond industrial settings to encompass everyday products from toothbrushes to autonomous cars. Cheap microprocessors and
wireless networking allow designers to make everyday objects “smart,” with the
capabilities to collect data, make decisions, and interact with people. But what is the
best way to design these Internet of Things products so that they fit into the social
context of people’s lives? How can designers learn more about the environments
these products will be deployed in, the uses people will want, and the problems
people will encounter? During a human-centered design process, needfinding is an
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activity used by designers to explore and understand people in relation to the design
of new products [32, 65]. Needfinding ideally occurs during the early stages of a
design project where the designer’s goal is to design the right thing before designing
the thing right [43]. While discovered needs themselves do not present immediate
solutions, they help to align the designer’s perspective and empathy with the user.
This subsequently helps the designer generate ideas that are more likely to satisfy
the user.
As machines collect more data about their users, there have been efforts to develop
ways for computers to observe and learn how to service the needs of their users.
Some examples include the Lumière Project by Horvitz et al. [45], which aimed to
automatically identify a user’s goals and provide task support while using desktop
office software; Chen and Cimino’s [18] use of clinical information system logs to
identify patient specific information needs; and Radhid et al.’s [68] “Getting to Know
You” techniques for helping recommender systems learn about the preferences of
new users. Though these systems can allow machines to automatically characterize
users in limited settings, we argue for an alternative approach in which machine
capabilities enable designers to perform needfinding in new ways. Central to this idea
is the insight that data—and even needs—do not automatically lead to solutions; we
still need designers to probe situations and synthesize the meaning of observations
towards potential alternatives. While data-driven design may allow us a new lens,
there is no replacement, as Dreyfus [29] suggests, for field research to educate the
designer about the needs of people. With new capabilities though, we can explore
how designers might augment their needfinding abilities.
This chapter explores how designers can use interactive technologies as a way to
do needfinding with Internet of Things devices. We call this framework for doing
needfinding the Needfinding Machine. Working with a Needfinding Machine allows
designers to discover people’s needs by allowing the designers to observe, communicate and interact with people through their products. While our work is similar to
the idea of using things as co-ethnographers [41, 42], it differentiates itself by using
things as a way of mediating direct interaction between the user and designer. The
Needfinding Machine provides a “conversational infrastructure” [30] by which the
designer can build their understanding of a person in an evolving fashion and in the
user’s real context. This means that the Needfinding Machine is not a machine that
discovers needs on its own. Rather, the Needfinding Machine extends a designer’s
ability to preform traditional person-to-person needfinding by interacting with the
user and observing the user experience through the machine. It is computer-mediated
communication between the designer and user under the guise of the Internet of
Things. This is shown in Fig. 1. The outer loop represents person-to-person needfinding, such as interviews and personal observations. The inner loop shows needfinding
done through the machine.
In this chapter, we outline the concept of the Needfinding Machine and detail the
motivations and prior work that have inspired the development of this concept. We
then present a case study in which we built a Needfinding Machine, DJ Bot, that
allows designers working with a streaming music service to act as a smart agent
that talks to people to figure out what music to play. In the process of “being the
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Fig. 1 The Needfinding
Machine: a method for
designers to interact through
systems to understand user
needs

Designer

User

machine,” the designers are able to explore people’s connection with their music
and potential needs that would drive intelligent music recommendation agents. We
conclude by discussing the implications that this Needfinding Machine framework
has on how designers discover user needs in relation to the design of new products
and experiences.

2 What Is a Needfinding Machine
Faste [32] defines needfinding as an active process of perceiving the hidden needs
of specific groups of people. He has outlined a non-exhaustive list of needfinding
methods that designers can use to better understand people, including market-based
assessments, technology pushes and forecasting, and personal observations and analyses. Patnaik [65] further describes needfinding as an organized, qualitative research
approach to support new product development that has been adopted within humancentered design processes [52]. Within human-computer interaction, needfinding is
often focused on developing user requirements to guide product development and
usability [10, 50] and to help designers develop empathy for their users [85].
A Needfinding Machine, then, is an instrument we intend to be used by designers
to further their efforts to understand user needs in relation to a specific context. It is
embedded in some product or device that itself is embedded in the user’s environment
and in their everyday life. This setup allows the designer to explore distant environments, interact over large time scales, see data, elicit information from the user, and
prototype interaction in ways that overcome previous limitations of observational
design research [49]. The information flows for a Needfinding Machine are shown
in Fig. 2. Moreover, Needfinding Machines are inspired by Forlizzi and Battarbee’s
[33] framework for understanding the experience of interactive systems. Like Forlizzi and Battarbee, we center on user-product interaction as a way to understand user
experience and focus on exploring situated interaction within the real-world.
During use, Needfinding Machines provide designers with real-time access to
objective system data (sensor readings, system logs) and qualitative observational
data (video, audio). Moreover, they allow the designer to actively converse with the
user through Wizard-of-Oz [25] interfaces (voice, screens, tangible interfaces, etc.).
This ‘conversational infrastructure’ [30] allows the designer, user, and the machine to
interact in a situated manner [78] towards the goal of understanding the user’s needs

54

N. Martelaro and W. Ju

Remote Designer

System+User In Conversation
with the Designer

Fig. 2 Information flows in a Needfinding Machine. The remote designer interacts through and
performs an interactive system situated in the user’s environment. They can observe these interactions in real-time. This enables conversation between the designer and the user, mediated by the
machine

in relation to a specific context. The Needfinding Machine uses an interactive device
as a meeting point between the designer and the user [75]. By allowing observation
and interaction, the designer can use a Needfinding Machine to understand the user
and take preliminary action towards satisfying the user’s needs [75].

2.1 Considerations for Needfinding Machines
Remotely accessing a user’s environment through an interactive device can provide
a designer with many potential ways of collecting data about the user. With this
in mind, we actively steer the Needfinding Machine away for certain kinds of data
collection in order to respect the user and obtain honest feedback on a design concept.
Specifically, we do not advise that Needfinding Machines be:
Spybots—Needfinding Machines help the designer build understanding through
interaction rather than surveillance. This interaction is intended to be an overt conversation that builds a relationship between the designer and the user and is conducted
with respect toward the user. To that end, Needfinding Machines should not be solely
observation devices. Rather, they allow for observation, action, and analyses simultaneously as a way for designers to explore unknown needs around a product [46].
By interacting with users through an artifact and by engaging the user in conversation, the Needfinding Machine can “amplify designer understanding of the intended
purpose(s) of the artifact and may provide information that does not come out of
initial interviews, observations, and needs analysis” [1].
Machines that ask “How am I doing?”—Though a Needfinding Machine enables
remote user observation, the goal of a Needfinding Machine is to aid the designer
in developing an understanding of the user in context, not to justify the existence or
usability of the machine in that context. A machine that asks “Do you like this?” or
“How am I doing?” can lead to overly polite responses from users [63]. Just as a
designer should not lead off needfinding by telling users what they plan to build or
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asking if the user likes a prototype, Needfinding Machines should focus on how the
user feels and experiences the interaction rather than on confirming how well they
are functioning.

3 What Is in a Needfinding Machine
In this section, we describe what elements are required to make an interactive device
into a Needfinding Machine. We use a hypothetical Internet of Things coffee maker
as an example device that designers can use to do needfinding work in a home
environment. Specifically, we can imagine a design team tasked with understanding
the user experience of a smart coffee maker as well as understanding that broader
relationship that a user has with coffee and the kitchen.
The essential elements of a Needfinding Machine are functional blocks which
support the user-machine interaction and the designer-machine interaction. These
elements are show in relation to the interaction loop in Fig. 3. For the user-machine
interaction, we build on Eric Dishman’s formulation of design research [26] where
designers observe, ask, and perform in order to understand users. A Needfinding
Machine should allow the designer to observe the user in context, ask about the
user’s experience, and perform the machine’s interactions with the user. We extend
Dishman’s elements of design research to include functions required in a Needfinding Machine for the designer-machine interaction. A Needfinding Machine should
provide ways to display data about the machine and user, control the performance
of the machine’s interaction with the user, and document the observations that occur
during the interaction. We now describe each element in more detail and suggest
how it can be realized in our Internet of Things coffee maker.

3.1 Observe
Observation allows the designer to see how users behave within a specific context
and respond to different events. These observations can include both qualitative
and quantitative information streams, depending on what the designer is looking to
perceive.

Fig. 3 Functional elements
of a Needfinding Machine in
relations to the user and to
the designer
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Cameras and microphones can provide a high bandwidth picture of the user’s
environment and actions. Sensor and system data can show the designer information
about the user’s context that is often not directly observable in-situ. This information
is streamed back to the designer using a high-speed internet connection and displayed
through various indicators and data visualizations.
The placement of the cameras and the selection of the data to be monitored by
the designers is critical to consider; these decisions about what to instrument in the
user’s environment embody hypotheses on the part of the designer about what sort
of information they might be looking for or need to support their interaction. For
our Internet of Things coffee maker, we might put a camera facing into the kitchen
that can see the user as they approach the machine and interact with any physical
interfaces. This camera can also give the designer a view into the kitchen, allowing
them to observe people’s morning rituals and interactions with other kitchen objects.
A microphone lets the remote designer hear the participant as they answer questions
and talk about their morning experience. Buttons and knobs can be instrumented so
that the remote designer can see how the user interacts with the machine and what
settings the user changes.

3.2 Ask
Asking questions though the machine allows designers to elicit information that
cannot be observed, such as what the user thinks and feels. By asking the user
questions, the designer establishes the interaction as a conversation, inviting the
user to engage and participate in the needfinding process. These questions can be
planned before an interaction with some goal in mind. However, just as with any
conversation, the appropriate questions for each situation are often revealed over the
course of interaction with the user.
To enable question asking, a Needfinding Machine needs a communication interface. We use speech based communication to ask users questions. Perhaps there are
ways that questions can be asked without speech, such as through physical movement
of the device, but for our work, speech offers the easiest way to ask the user questions about their experience. In our work, we use text-to-speech on the interactive
device to ask questions through the machine. In the case of our Internet of Things
coffee maker, we can use a text-to-speech system on the machine to ask the user
questions about their coffee making experience such as “What is important in a coffee machine?” and “How much customization would you like in a coffee machine?”
We can also ask broader questions about the user’s relationship with coffee, such as
“What is the best part about drinking coffee?”, “When did you first start drinking
coffee?”, and “What would life be like without coffee?” Furthermore, the designer
can also ask about the rest of the user experience in the kitchen. For example, asking
questions about the microwave and fridge, or what type of cooking the user likes
to do. Using text-to-speech allows a Needfinding Machine to maintain its machine
alibi, and aids in creating a consistent voice and persona around the user’s interaction
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with the machine over time. Using machine voice also keeps the interaction situated
in an Internet of Things context, making discussion about other things in the kitchen
somewhat plausible.

3.3 Perform
Interacting through the machine allows the designer to perform as the machine. This
allows the designer to explore potential interaction opportunities and use physical
or digital interactions as a means of eliciting needs from the user. In addition, the
designer can also explore the machine interfaces themselves, giving them a sense of
the machine’s needs and limitations in relation to potential design ideas.
Depending on the specific context, the designer can perform as the machine in various ways. This performance may include tangible, graphical, or auditory interfaces.
It may also include interactions with other devices in the environment such as phones
or Internet of Things products. Each interaction that the remote designer can preform represents a degree of freedom that the designer can experiment with throughout
their interaction. This may require the designer to build functional rapid prototypes
of an interactive system. However, commercially available products could also be
re-purposed for needfinding. For example, technology such as VNC or TeamViewer
can enable remote control of GUIs.
In our coffee maker example, the designer might augment a commercially available coffee maker with smart capabilities. The designer can perform various functions
of the coffee maker, such as setting the coffee preference of each user or controlling
when the coffee is made each morning. The designer can also explore new functionalities that a future coffee maker might have, such as providing the user with their
morning news update, adding coffee to the user’s shopping list when they run out,
or even starting up the user’s car once their coffee is ready to go. By preforming
as the machine, the designer can explore functionality that is not yet available. The
designer can also test new interaction dynamics between the user and the machine,
helping them determine how the machine ought to interact and what technology may
be required to enable new machine behaviors.

3.4 Document
By capturing interactions with a Needfinding Machine, we can preform post-analysis
and revisit our observations made during the live interaction. Actions that occur in the
user’s context and within the remote designer’s environment should be recorded. It is
critical to document what happened on the user end of the interaction. Documenting
the designer’s environment can also help the designer to reflect upon their actions
during the session.
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Documentation can include recording video, audio, and data streams from the
session. By recording the designer’s control interface and any conversation they
may be having with other designers, the Needfinding Machine can capture important
moments that reveal the designer’s thinking during the interaction. Special interfaces
such as pass-through audio/video recording devices, web-based data logs, and devices
with built-in logging all contribute to the documentation of Needfinding Machine
interactions. Our Internet of Things coffee maker can record video and audio from
the user’s kitchen during the interaction and log button presses, coffee levels, or voice
commands from the user. On the remote designer’s side, we can keep a log of every
question that was asked and each interface that was controlled. We can also record
what the designer sees on their screen and any conversation they might have with
other designers participating in the session. After the session, these data streams can
be synchronized for later viewing and analysis by the design team.

3.5 Display
The video, audio, and data streams coming from the user’s environment should be
displayed in real-time to the remote designer. The display supports the designer’s
observation and allows them take action on any data that may be relevant during their
interaction session. These include video and audio from the user’s environment, state
changes in the system, and time series information of certain product features. Often,
the designer is presented with more information than they would naturally be able
to see during an in-session interaction, such as multiple camera views and data from
the machine that is usually hidden to the user. When creating the display interface,
the designer should take into account what they need to see and what aspects of the
data may be interesting.
The display interface for our coffee maker might include a video window and a
data dashboard. We have found that designers should set up their display to facilitate
easy viewing of the data. In this case, the designer might have one screen dedicated to
the live video feed from the user’s kitchen and another screen with the data dashboard.
The dashboard might include live displays of the system settings such as supply levels
or coffee temperature. If the designer is testing voice interaction, there could also be
a running text log of what the coffee maker hears and interprets from the user. When
laying out the display, the designer should consider what information they will need in
real-time and how best to show the information in order to support their performance
as the machine. Just as important, the designer should also consider what information
they should hide from live display so that they are not overwhelmed with data.
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3.6 Control
The control interface that allows the designer to preform as the machine should
be considered with similar care as the display interface. Message boxes for asking
questions should be prominent in the interface so that the designer can easily send
custom messages for the machine to speak. Any scripted speech should have easily
accessible “play” buttons. For each element that the designer wishes to preform,
there should a corresponding controller on the designer’s remote interface.
For our coffee maker, the interface can have a list of questions or news stories
that have been scripted for the interaction and a message box for sending custom
messages that the designers create in the moment. Graphical toggle switches can turn
elements of the coffee maker’s graphical display on an off. Buttons can be used to
send messages to another device in the environment, such as the users phone or to
control something on the user’s Internet of Things enabled car.
With the high number of degrees-of-freedom in a Needfinding Machine, the job
of observing and interacting can become overwhelming. Depending on the rate of
interaction, controlling the machine may require two or more people. With our coffee
maker, it may be best for one remote wizard to control the speech, while another controls the physical interfaces on the machine or helps look up information like news to
tell the user. In order to facilitate collaboration between multiple designers controlling the machine, control interfaces should be easy replicated in different locations
and allow for split control of different interfaces. We use web-based technologies
to create display and control interfaces so that all members of a design session can
participant from any location. This reduces the load for each designer and supports
collaboration among a design team.

4 Why Needfinding Machines
The purpose of the Needfinding Machine is to extend the designer’s gaze and reach
[49] by allowing them to see and understand user interaction in real-world contexts.
Working through a Needfinding Machine can let designers engage people beyond
themselves and their local technology community when working on the design of new
technology products. Consideration and awareness of people who are different from
the design team gives designers a more informed position about the technology they
are developing. While needfinding, understanding the experience of more people
who are further from the design team can lead to designs with further reach and
more impact on people’s everyday lives. Furthermore, understanding and designing
for more people provides an economical benefit by addressing a broader customer
base.
A Needfinding Machine also helps designers explore new technologies as tools
for crafting new interaction design and as way to better connect with their users
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in the real world. The Needfinding Machine framework takes advantage of several
concurrent trends in technology:
• Embedded computing: Imbues everyday objects with computation, sensors, and
network communications [83]. Allows for devices to communicate with the Internet of Things and provides a way for designers to collect data remotely.
• Cloud services: Allow software and hardware to communicate across the internet, store data on remote servers, and enable new interaction capabilities such as
machine vision and speech.
• Online machine learning: Allows systems to continually learn and update their
models of users from streaming data. Can be used to support intelligent interaction
between the machine and user.
• Conversational agents: Lets users use natural language to interact with their
devices. Provides a way for designers to capture their user’s thoughts and feelings
about a product or interaction.
• Adaptive interfaces: Attempt to change based on the users preferences. Designers
can explore what personalizations may be useful and what information is needed
from the user to enable this adaptivity.
By utilizing and considering these technologies, a Needfinding Machine works
as a tool to help designers understand their users better. A Needfinding Machine
also allows designers to understand the needs of the machine better. By interacting
through the machine, the designer can assess what it is the machine will need to
understand and what data to collect in order to adapt to the user. This interaction
helps to expose the designer to the new material of interaction data and allows them
to play with potential interaction possibilities that consider this information.

5 Related Methods
In this section, we review methods that have been used by designers to help them
understand users. Each of these methods inspire some of the elements of the Needfinding Machine. For each method, we provide a brief overview of its use in design and
discuss which functional components from Sect. 3 are incorporated into the Needfinding Machine.

5.1 Ethnography
Ethnographic research is the foundation for much of what is considered design
research in practice. Within many design contexts, practitioners act as participant
observers, embedding themselves within a context to understand people. This tradition arises from Geertz’s “thick description” of people and their behaviors and
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situates the observer as having a specific point of view that allows for specific interpretation of people’s actions and motivations [39]. For example, when users quickly
change a song on the radio, are they interested in listening to something else or does
that song harbor undesired meaning and emotion?
This process of interpretive, contextually situated ethnography has translated well
to design work and allows the designer to observe the lives and experiences of their
users. However, most companies do not preform academic ethnography [54], which
can often take months or years of intensive study. Rather, designers have adapted
ethnographic methods into short, focused participant observations often lasting on the
order of hours or days [61, 67]. Even with short observations, ethnography-inspired
methods have become staples for finding user needs and supporting generative design
activities [52, 55, 71].
Within human-computer interaction, ethnographies are often required to report
on some implications for design. Though Dourish argues that requiring design implications of academic ethnographies can undermine the richness of these studies
[27], interactions through a Needfinding Machine are specifically situated to support design work and thus help designers generate implications for future design.
Additionally, Needfinding Machines are interested in understanding user needs in
relation to a specific product or context. While designers can learn about the broad
aspects of user’s lives, the designer’s performance as the machine grounds needfinding around the user-product interaction.

5.2 Things as Co-ethnographers
As the Internet of Things becomes an everyday reality within people’s homes, there is
growing interest in how designers can use information from the viewpoint of things
to understand and empathize with people in context. Projects such as Comber et
al.’s BinCam [20] and Ganglbauer et al.’s FridgeCam [36] used cameras attached to
products to collect pictures of everyday interactions. By collecting images and video
from the point of view of the objects, the research teams could observe aspects of
user lives that would usually be out of view during interviews and short observations.
After using similar methods of collecting pictures from cameras placed onto everyday
objects, Giaccardi et al. [42] have suggested that the software and sensors of Internet
of Things objects can give designers access to “fields, data and perspectives that
we as human ethnographers do not have, and therefore may help us to ‘see’ what
was previously invisible to humans.” By providing a different viewpoint, the things
become “co-ethnographers,” working in conversation with the designer to help them
understand the user from a different and situated perspective [41, 42]. Wakkary et al.
[81] extend this idea of thing-centered understanding of people to focus primarily on
the relationship between things rather than focusing on direct observation of people.
Their work explores how focusing design inquiry on things and their interactions
can inform the relationship that people have with internet connected products. For
example, during interactions with “Morse Things” [81] people attributed human-like
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qualities and an ability to identify people in the home to a set of plates and bowls
that communicated with each other and on Twitter.
The Needfinding Machine is related to the use of things as co-ethnographers. However, human designers remain in the interaction loop with users with a Needfinding
Machine. While things as co-ethnographers allow designers to observe and document people’s interactions with things, they do not provide the designer the ability
to control the machine’s performance or view real-time data about an interaction.
Moreover, by acting as the machine, the designer can gain an understanding of interaction challenges the machine will face. By mediating their interactions through the
machine, the designer can reveal both the needs of the people as they interact with
the technology and the needs of the machine as it interacts with a person.

5.3 Remote Usability Testing
With the rise of high-speed internet and mobile devices, designers are now able to
remotely explore user experience. More traditional usability testing methods have
been modified to be performed remotely so that the designer does not need to physically “be there” in order to build understanding about the user and the product [11].
Waterson et al. [82] and Burzacca et al. [16] each test the usability of mobile web
sites by collecting data from people using the website on devices outside the lab.
Often, these methods have been created to explore the use of mobile devices beyond
traditional lab studies. English et al. conducted remote contextual inquiry to improve
enterprise software [31] and Dray and Siegel used remote usability testing to explore
international use cases for their software [28]. Depending on the study setup, remote
usability testing can be done synchronously, where the researcher is observing the
remote activity as it is happening and interacting with the user, or asynchronously,
where the researcher is analyzing data logs or recordings at a different time [11].
Although being out of the lab can reduce study control and be more challenging for
data recording, Andreasen et al. [5] and Brush et al. [15] have found that synchronous
remote methods can be just as good for designer understanding as being present with
the user. In addition, remote interaction and observation can reduce the pressure
participant’s may feel from having a researcher constantly looking over their shoulder
[5].
The Needfinding Machine is inspired by the kinds of observation and documentation that remote usability testing provides designers. Similar to remote usability
testing, a Needfinding Machine enables designers to synchronously observe and
engage with remote users. The Needfinding Machine also documents data from
the interaction in a similar way to remote usability testing. However, Needfinding
Machines differ from remote usability testing as designers engage with the user by
performing as the machine rather than being on a phone call with the user as they
are trying an application. The ability for a designer to perform the machine moves a
Needfinding Machine ahead of usability testing and focuses the designer on learning
through interacting with the user, not just through data collection. Furthermore, the
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intent of a Needfinding Machine is to help designers understand the broader needs
of users, rather than only test how usable a product is.

5.4 Data-Driven Design Validation
As devices generate more data, there is a growing interest in using this data for the
purposes of understanding users. Christian outlines how web sites have tested and
refined new designs using A/B testing [19] and Geiger and Ribes use system logs
to conduct ‘digital ethnography’ about users of online blogs and wikis [40]. These
methods provide a way for designers to observe how users engage with a product
based on objective data measures. The use of objective data can help designers avoid
some of the challenges with direct observation such as researcher interpretation of
events and participant bias due to the researcher’s presence [66]. Data-driven methods
also allow for designers and researchers to observe at a much larger scale, helping
designers see a range of interactions that users have with an interactive system.
Still, many methods that rely solely on data logs can only show what a user is
doing and only can see data from what is instrumented. Attempting to understand
users only from interaction logs can run the risk of being too granular (if the data is
too noisy) or too high-level (if too many data points are aggregated).
Some projects bring qualitative experience in by bringing experience surveys
into the physical world, such as Cadotte’s Push-Button Questionnaire for understanding hotel experiences [17]. A modern version which simplifies a questionnaire
into four simple smiley face emotions is Happy-or-Not’s (https://www.happy-ornot.com) customer satisfaction kiosks seen in airports and sport complexes [64].
These systems allows for businesses to quickly gather some level of satisfaction
data. Often, when many customers rate things negatively, a member of the business
can go to the site an figure out what is wrong. This shows how small bits of focused
emotion data can be used to understand some aspects of customer experience. Still,
data-driven approaches often prove more appropriate for design validation and optimization rather than generating new design ideas. While data-driven design can be
useful for beta testing usability or optimizing the experience of a particular location,
designers are often interested in why users are behaving in a certain way; what are
their motivations, their goals, challenges, and thoughts?

5.5 Experience Sampling in the Wild
To help understand both the what and why during mobile-based user experience
studies, Consolvo and Walker [21] and Froehlich et al. [34] blend interaction logs with
randomly timed text message based questions about the user’s experience based on
Csikszentmihalyi and Larson’s Experience Sampling Method [24]. Aldaz et al. used
similar experience sampling questions through a phone app designed to help hearing
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aid users tune their hearing aid’s settings [2]. Through collecting user experiences
while tuning their hearing aids, Aldaz et al. suggest that blending interaction data
and the user’s in-the-moment experience can allow for new forms of needfinding
beyond in-person interviewing and observation [2].
While the projects above aim to elicit the user’s experience with a product, they
focus on text based descriptions of experience. Froehlich et al.’s My Experience
system did allow researchers to see images and video that people captured on their
phones, helping researchers to better understand the user’s context [34]. However,
these media clips were captured when the user took them rather than when the
researcher may have wanted to see an interaction. Crabtree et al. captured video
clips from third person cameras while exploring ubicomp games blending online
and real-world tasks [23]. They then synchronized these clips with sensor readings
and device logs to “make the invisible visible and reconcile the fragments to permit
coherent description” of the player’s experience. The Needfinding Machine builds
upon Crabtree et al.’s insight of mixing video and data to provide designers with a
high-fidelity view of the user’s experience. What is critical for a Needfinding Machine
is the real-time video of the user’s environment. This not only allows the designer
to observe the user’s experience but also allows them to inquire about the user’s
experience at the moment of interaction, rather than after post analysis of data or
through a random experience sample. Live video also allows the remote designer to
control the interactive device rather than only observe preprogrammed interaction,
letting the designer explore a wider range of interactions. Finally, video provides a
rich context for the data logs that are captured from the interactive device providing
documentation beyond click-streams and system logs.

5.6 Probes
The Needfinding Machine concept takes many inspirations from the development and
use of probes in design and HCI. Gaver, Dunne, and Penceti’s Cultural Probes [37]
provide designers with a means to understand and empathize with geographically
distant peoples. Cultural Probes, often consisting of postcards, cameras, and guided
activities, help to elicit contextual information from people and help designers build
a textured and rich understanding of people’s lives. Hutchinson et al.’s Technology
Probes [47] extend Cultural Probes to include the use of technology as an eliciting
agent. These probes allow technologists to understand how new devices may fit
into everyday life and inspire new potentials for computational products. Originally,
probes were intended to be provocations for collecting stories about user’s lives that
would lead designers to reflect on their users and their role in the design process
[37]. Even when technology is used, Hutchinson et al. suggest that probes are not
prototypes to be iteratively developed over time, but should focus on eliciting user
engagement and open up design spaces [47]. This being said, Boehner et al. describe
how HCI researchers have expanded the use of probes to include diary studies, photo
journals, longitudinal studies, and participatory design prototypes [12]. Boehner
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et al. also discuss how probes have expanded beyond their original goals of promoting
reflection to also help designers collect data and generate user requirements for future
design ideas. Amin et al. [3] used a probe during a participatory group exercise to
help develop a set of four design requirements for mobile phone messaging. KuiperHoyng and Beusmans [53] and Gaye and Holmquist [38] each use probes along with
interviews to help users discuss their experiences in their home and city, respectively.
The use of probes helped each group to refine and iterate on more specific design
projects.
Needfinding Machines build from using probes as a way to understand user needs
but still focus the designer on considering implications for more specific product
ideas. Thus, Needfinding Machines exist somewhere in a space between probes and
prototypes. While probes can help to document user experiences asynchronously,
Needfinding Machines are focused on helping designers observe and interact with
users in real-time. Needfinding Machines also aim to collect data from the remote
environment and display this to the designer so that they can continuously change
how they control the machine’s behavior. By preforming as the interactive device,
designers can test specific interactions with users; however, these interactions are not
intended solely for usability testing. Needfinding Machines retain the goals of probes
to help designers understand the user’s experience and life more broadly. Furthermore, Needfinding Machines build upon the ability for probes to elicit textually rich
information from people in contexts that would be otherwise unobservable. Information collected from these interactions is intended to be analyzed in holistic and
interpretative manners but will also include more actionable data about the user’s
experience with the interactive product. By allowing the designer to ask the user
questions and perform the interactive product’s behavior with the user in real-time,
Needfinding Machines aim to collect what Mattelmäki and Battarbee call “inspiring
signals” for developing empathy with the user [59] and develop what Boehner et al.
state is a “holistic understanding” of the user’s experience with a product [12].

5.7 Wizard-of-Oz
Wizard-of-Oz methods have often been used in design to simulate technologies
that are currently unavailable. This method uses the “wizard behind the curtain”
metaphor as a way to control prototypes when the product’s technology is unavailable or intractable at the time of experimentation. Prototypes such as Kelly et al.’s
exploration of natural language understanding [51] and Maulsby et al.’s simulation of
multimodal interfaces [60] show how designers can learn a great deal about their proposed designs before allocating significant resources to technical development [25].
When performed early in the design process, Molin et al. suggest that Wizard-ofOz experimentation can help to define user requirements and promote collaboration
between designers and users [62].
Along with prototyping new interactions, designers can also use Wizard-of-Oz
experiences to gain insight into what a user is feeling and thinking during the moment
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of interaction. For example, Sirkn et al. used Wizard-of-Oz to control a simulator
based autonomous car while asking a driver questions about their experience [76].
The improvisational style of these interactions allowed the driver to experience a
potential future for autonomous vehicles and allowed the designers to gain insight
into how drivers would react and respond to the car’s behavior. This playful style
of Wizard-of-Oz interaction prototyping and inquiry provides a foundation for how
designers can collaboratively work with people to explore new interaction potentials
and reflect upon their current and future needs. Furthermore, Maulsby, Greenberg and
Mander found that one of the most important aspects of Wizard-of-Oz prototyping is
that designers benefit by acting as wizards; seeing uncomfortable users and finding
product limitations while acting as the machine can help motivate further prototype
iterations [60].
The Needfinding Machine extends the capabilities of lab-based and controlled
Wizard-of-Oz for use in real-world contexts. Designers interacting remotely keeps
many of the same aspects of control, performance, and documentation of lab-based
Wizard-of-Oz studies. Needfinding Machines also use Sirkin et al.’s use of improvisational interviewing through the machine with the goal of helping the designer
understand a user’s lived experience and potential needs around the specific interaction that is being designed.

5.8 Conversational Agents
Conversation around the experience of products is a powerful tool for understanding
and moving forward with design ideas. Dubberly and Pangaro [30] describe how conversation between project stakeholders allows for design teams to co-construct meaning, evolve their thinking, and ultimately take an agreed upon action in the world.
This echoes Schön’s [73] conceptualization of design as a conversation between the
designer and the situation. With this in mind, designers can use machines that converse with users, or conversational agents, as tools for understanding user experience.
Although human conversations can be quite complicated, even simple questioning
from a machine can elicit meaningful responses from people. By the mid 1960’s, systems such as Weizenbaum’s [84] ELIZA teletype Rogerian psycho-therapist could
use simple rules to engage people in deep conversation about themselves. As conversational agent technology is becoming more popular within contemporary product
design, design teams are exploring how to use chatbots to inquire about user experience in the real-world. For example, Boardman and Koo of IDEO have used Wizardof-Oz controlled chatbots to prototype a fitness tracker application, a text-based call
center for public benefits, and a mobile application for healthcare workers tracking
Zika [14]. Using chatbots to engage people in conversation, the designers on these
product teams were able to continually engage people and develop empathy for the
everyday lives of their users. The chatbot conversations helped the designers uncover
needs around the services they were designing. For example, the need for users to
track healthy and unhealthy activities in their day and the need for users to feel safe

The Needfinding Machine

67

while asking health related questions. Additionally, by acting as the chatbots, the
design team engaged other project stakeholders in controlling the bots. This led to
debate and reflection on what the product ought to do and how it ought to interact,
helping the team to better understand their own designer values and the needs of their
stakeholders.
The Needfinding Machine builds upon the work of Broadman and Koo at IDEO to
use conversational agents as a way for designers to understand user experience with
interactive systems. While using a Needfinding Machine, the designer can have a rich
conversation with the user as the user is interacting with the product. Additionally,
using people’s innate ability to converse allows more members of the design team,
even those without special training in interaction design or user research, to engage
a user while acting through the machine. In our work on Needfinding Machines, we
have used voice-based conversation rather than text messaging. This allows for more
fluid communication and lets users describe their experience and answer questions
during the interaction instead of needing to switch to a mobile phone messaging app.
By using voice instead of messaging, designers can explore experiences in environments where a user might be preoccupied with other tasks, such as cooking in their
kitchen or driving in their car. The Needfinding Machine also differs from using
chatbots alone by providing live video and data feeds from the user’s environment.
Having live video and data allows designers to use context as a basis for their conversation with the user and frees the designer from relying only on what the user is
saying to understand the user’s experience.

6 Case Study: DJ Bot
To illustrate a concrete example of a Needfinding Machine within a specific context,
we present the design and test deployment of DJ Bot, a smart agent that talks with
people to figure out what music to play as they are driving. DJ Bot is a functional
system prototype that allows designers acting as remote wizards to play songs and to
converse with people about their musical whims and preferences as people listen to
music while driving in a car. We piloted the system ourselves and with researchers at a
commercial music streaming company exploring future interaction design modalities
for music services. These tests show the design research possibilities, benefits, and
challenges of using a Needfinding Machine in context. In the process of “performing
DJ Bot,” the designer/wizards were able to explore people’s connection with their
music and potential needs that might drive future intelligent music recommendation
agents and services.

6.1 Design Motivation
The DJ Bot project began as a way to test the ideas of the Needfinding Machine in
relation to real-world interactive systems. We chose the space of interactive music
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services because these services are heavily data driven and powered by recommender
systems [72] but provide a product that is laden with personal meaning and contextual importance [44]. Digital streaming music services allow people to access huge
amounts of music and have changed the way listeners discover, share, and curate
their music collections [56]. The music recommendation systems behind these services can help listeners discover new music or suggest just the right song to play in
the moment. In essence, these systems attempt to know the user in order to make
predictions about what music they will enjoy [68].
Music presents a rich and open test platform for our needfinding explorations.
Everyone has both a biological and social connection to music [79], allowing for
almost anyone to be involved as a user in the development of new music interfaces.
Music has been used for therapy to improve one’s sense of purpose and is used as a
way to convey personal meaning to others [4, 8], suggesting it as a useful mechanism
for allowing designers to explore who the user is as a person. Cook [22] states that
deciding what music to listen to is a way of signaling who you are. Music is also
linked to time and space and is used similarly to personal photo organization as a
way of reminiscing and storytelling [9] and creating a personal “musical panorama”
of one’s life [35].
As we consume more music, interaction design around music listening is becoming more data-driven and focused on recommender systems. This is enabled by previously unseen patterns emerging from analyses of large data collections on listener
behavior. For example, Zhang et al. [86] analyzed Spotify listener data to determine
when the most popular times during the day for listening were and what devices
(mobile, desktop, web) were being used. In an analysis of six years of data from
310 user profiles from Last.fm, Baur et al. [7] were able to determine that seasons
had a large impact on listening habits. Still, vast stores of listener behavior data
do not provide all of the rich information that makes individuals passionate about
their music. While these studies highlight how users listen, they do not provide the
richness of why users listen. Streaming services are now exploring alternate ways
of categorizing music to get at this meaningful information. For example, Spotify’s
“Line-In” interface aims to collect more meaningful tags about music directly from
users and plans to use these tags as meta-data in their recommendation system [70].
Building on the desire for users to talk about their music, DJ Bot uses an interactive
music agent as a platform to let the designer connect with a listener around music incontext. While situated in the listener’s environment and performing as the machine,
designers can explore new speech-based music service interactions and build their
understanding of individual music listeners.

6.2 Music on the Road—A First Context
For our first context, we explore music listening while driving. The car provides a
number of interesting opportunities for exploring the needs of music listeners, as it is a
semi-private, semi-controlled environment where people often enjoy music or other

The Needfinding Machine

69

audio-based media. From a logistical perspective, the car is readily instrumented
with cameras, computers, and interactive devices. With the use of high-speed mobile
routers, cars can be fully connected to the remote designer. Finally, while music
listening is one of the few safe secondary activities drivers can engage with, current
smart-phone based streaming services may be distracting or challenging to use, and
present open design opportunities for new music applications.

6.3 Implementation
Functionally, DJ Bot in the car allows a designer to control a streaming music service on the listener’s mobile device, communicate with the driver using real-time
synthesized speech, and view multiple channels of live video and audio from the
car. We modeled the DJ Bot system on a system we previously designed system for
conducting real-time, remote interaction prototyping and observation in cars [58].
We use the Spotify streaming service which allows for “remote control” from any
device where the user is logged in. This allows the designer to use a desktop version
of the application to control the music on the user’s mobile device.
Figure 4 shows a system diagram outlining the remote designer locations, the
communication streams, and the in-car interactions that occur with DJ Bot. Within
the car, the listener connects their mobile device running the Spotify app to the car’s
audio system. Video cameras and microphones are placed around the car, allowing
the remote designer to see both the driver and the road from multiple angles. Having
multiple views allows the designer to better experience the driving context. The road
facing camera also helps the designer have a sense of the driving conditions, allowing
them to better plan interactions and avoid distracting the driver. A computer in the car
streams the live video and audio via a video chat client back to the remote designer.
The computer also runs a text-to-speech engine and speaks messages sent from the
remote designer through a separate portable speaker.
The designer, acting as a wizard, controls DJ Bot through an interface that displays
video from the car, the desktop Spotify app with “remote control” enabled, and a
custom web-based interface for sending speech messages to the car, shown in Fig. 5.
The designer can view information such as the audio level and current song in the
Spotify app and can control music using the app’s audio player controls. The speech
control interface includes a text input area to send custom messages and a list of
pre-scripted questions such as: “What do you want to listen to next?,” “Why did you
choose that song?,” “What does this song remind you of?,” and “Can you tell me
more?”
In order to support documentation and analysis, video and audio is recorded
using cameras mounted in the car. Because both sides of the interaction are required
to reconstruct the dialogue, the designer’s control interfaces are also recorded. All
speech messages are logged and the music selections stored in the user’s listening
history.
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I used to really like this
radio station in Rhode
Island.

Designer
in Palo Alto

User

Designer
in Boston

I can play what that
station is playing
right now!

Fig. 4 DJ Bot implementation with distributed designers. Designers can remotely interact with
users from anywhere in the world, allowing situated, real-time needfinding through a machine

Fig. 5 An example control interface from the DJ Bot project. The designer can remotely control
music and synthesized speech with planned or improvised questions

6.4 On-Road Sessions
We conducted three interaction sessions for our initial exploration.
1. A 1-h session where Nik acted as the DJ/wizard for a user driving her pickup
truck on the freeway
2. A 1-h session where a colleague and interaction design practitioner acted as a
DJ/wizard for Wendy as a user driving to visit a friend
3. A 30-min session where two interaction researchers from a music streaming
company acted as DJ/wizards for a commuter driving from home to school at 5:30
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AM PST. One researcher connected from California while the other connected
from Massachusetts, as shown in Fig. 4.
After each session, we conducted an interview with the wizards and drivers, asking
questions about the interaction experience and the use of the Needfinding Machine.
Our goal in describing these sessions is to present a working example of how a
Needfinding Machine can be used and to reflect on the opportunities a Needfinding
Machine can have for professional design work. The following sections provide
excerpts and commentary from the sessions as a means to give the reader a feeling
of the conversations that occurred between the designer preforming as DJ Bot and
the listener/driver.

6.4.1

Session 1

During the first session, Nik controlled the DJ Bot for a user who drove her pickup
truck on the freeway for about one hour. Prior to the session, Nik setup cameras and
the data streaming computer in the user’s truck. Nik had little prior information about
the listener’s musical preferences before starting the music. He began the session by
simply asking “What would you like to listen to?” through the DJ Bot. This lead
to a back and forth interaction to determine if the listener wanted to hear the song
that was selected. At one point in the interaction, the driver remembered a song that
they liked and requested it to be played. Nik ended up playing an alternative remixed
version of the song, leading to the following conversation:
 I would walk 500 miles - remix 

[DJ Bot] What do you like about this song?
[Driver] This isn’t the original, is it? You said it was a remix. But it’s just fun and it has a
good beat and it’s like easy to sing along to.
[DJ Bot] Do you sing along to music often?
[Driver] Yeah! It’s pretty weird to sing along to music when I know I’m being recorded.
[DJ Bot] Do you sing along with others?
[Driver] Yes.
[DJ Bot] What songs you do you normally like to sing?
[Driver] Lots of songs. Like Disney songs.

This interaction elicited that the driver liked to sing along to music, enjoyed Disney
music, and associated Disney music as music the user would sing with others.
While thinking of other music to listen to, the driver remembered a radio station
they liked from a time when they lived in Rhode Island:
[Driver] I can give you a radio station in Rhode Island that I really like.
[Bot voice] Okay.
[Driver] So it’s 95.5 WBRU in Rhode Island. It’s the Brown radio station, it’s alternative
rock. The stuff that they play is pretty great. When it’s not overplayed songs.
[Bot voice] Okay, let me see what I can find. Did you find this while you lived in Rhode
Island?
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[Driver] Correct. They introduced me to a lot of music.
[Bot voice] Here’s what they are playing now.
 Green Day - Holiday 

During the interaction, Nik switched windows from the control interface to a web
browser and searched for the radio station’s website. This quick thinking gave him a
new source of potential music to recommend. It also presented an interesting example
of the listener’s relationship between place and music, providing future opportunities
for further exploration.
While the system did function, this session was not entirely smooth, highlighting
challenges for the designer and the user during the interaction. For example, Nik had
trouble choosing songs since he was biased by his own musical tastes and did not
have a baseline for what the driver liked. He stated in after the interview:
[Nik (as wizard)] Actually it’s really challenging. I have really strong opinions about music
and I kept seeing all these bands and was like “I like this song! Let me play this song.” But
then I was trying to figure out “How am I supposed to tease out of you what you like?” And
the thing is, I have such a limited knowledge of what I could even go off of.

Though this made the interaction more challenging, it pushed the driver to actively
steer the music selection. This revealed information about the driver’s preferences
and kept them conversing rather than simply sitting back and listening.
The driver’s comment about being recorded suggests that they were not always
comfortable opening up to the machine. After the session, the driver stated:
[Driver] Yeah, it was weird. It’s also weird because I know I’m being recorded and I’m trying
to drive and I am telling someone who I don’t know very well all about my musical tastes.
Which is pretty intimate and so yeah, it was just weird on a lot of levels for me.

This suggests some limitations of the Needfinding Machine method. In this particular case, the driver knew that a person was on the other end of the machine. Though
this may have biased their answers during the session, the conversation afterward
suggests even when the intentions of the designer are known, eliciting and recording
personal information may prove challenging. Still, much of the conversation went
smoothly and provided ample information about the listener and their preferences.
Moments of discomfort from the user may help designers to identify potential “offlimit” areas early in the design process.

6.4.2

Session 2

Wendy acted as a driver in the second interaction. A colleague who is an interaction
design practitioner acted as the wizard. Wendy spent about 45 min driving one of
our research vehicles on a freeway and scenic road on her way to visit a friend. This
session occurred after a recent and fierce presidential election. When the designer
asked why Wendy chose a particular song, Wendy responded as follows:
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 Public Enemy - Public Enemy No. 1 

[DJ Bot] This one?
[Driver] Yeah, I love this one.
[DJ Bot] Why this right now?
[Driver] Maybe like a post election thing and it has a lot of energy.

Although the question “Why this song?” was simple, it elicited a response with
information about the song and about the context. In this case, the wizard built on the
contextual information about the political times. This lead into a longer discussion
of the relationship between current affairs and the driver’s music.
After a while, however, Wendy was not interested in talking about politics and
asked to change the subject.
[Driver] Let’s not listen to any more Trump songs.
[DJ Bot] Okay.
[Driver] Like, let’s play something by Missy Elliott.
[DJ Bot] How is this song?
 Missy Elliot - Work It 

[Driver] This is good.
[DJ Bot] Why Missy?
[Driver] I really like the way that she plays with words, I feel like she’s like really really
creative and like breaks rules. In like really interesting ways and, I don’t know, it’s like one
of these things like, is so unlikely and then when you listen to it it’s kind of amazing and
then it’s very upbeat and I have difficulty understanding what’s being said and I think it’s
like fun to figure it out, like a puzzle. And maybe a little bit like Devo, it just seems like
she’s having such a good time, such a good time singing, you know, and I love that.

Later in the session, Wendy spoke about bands from college and her connection
with the artist Fountains of Wayne.
 Fountains of Wayne 

[DJ Bot] What do you like about this band?
[Driver] You know what, actually the thing I like about this band is it makes me think about
college and it’s a little bit funny because it’s not something I actually listened to when I was
in college, but when I went to grad school...
...a lot of my thoughts about undergrad are colored by this soundtrack even though like I
said I never listened to Fountains of Wayne in college. And I had like this homesickness for
college...

This then lead to the wizard to ask “What other bands did you like in college?,”
which prompted Wendy to list off 14 other bands, helping to log a number of songs
and genres that the driver enjoyed. This interaction showed the rich storytelling that
can occur when thinking back on the music people enjoy. The story about college,
in particular, paints a textured picture about the driver’s life, helping the designer
develop empathy for the driver and a sense of the meaning behind the 14 bands that
were listed.
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6.4.3

Session 3

The third session highlighted a number of strengths that a Needfinding Machine can
have for remote needfinding. This session was conducted in a distributed manner
with one designer at home in California and one at work in Massachusetts. To split
the interaction load, one designer controlled the bot voice and one controlled the
song selection. During this session, the designers communicated on a separate voice
channel and coordinated their actions between music control and the bot voice.
The session was done at 5:30 AM PST (8:30 AM EST), during the driver’s 30min commute from their home in the city to school. While interacting through the
machine, these researchers were able to experience the user’s local context, despite
the geographical, temporal and logistical challenges.1
Early in the session, the designers asked about what the driver listened to when
they were younger.
[DJ Bot] What did you listen to when you were younger?
[Driver] Classical music. And a lot of Christian rock.
[DJ Bot] Do you still listen to that music anymore?
[Driver] I’m not really religious anymore.

After this comment from the driver, the remote designer controlling the DJ Bot
voice moved on to another subject. However, after the session, she remarked that
there was a tension in her own interest as a researcher and the role of performing the
machine.
[Wizard 1] When he said things for example about religion, I was like “Oh!” but then “no, I
probably shouldn’t go” you know the car goes digging around into your personal history. It
wouldn’t be on brand for the car or music service to go digging into your childhood.

This interaction further shows that even simple questions about one’s music can
lead to meaningful answers. However, in this case, the designers chose not to follow the topic. Being confronted with such an unique situation during conversation
prompted the designers to reflect on how the machine ought to interact and what
the machine should and should not talk about. The designers’ in-the-moment and
post-session reflection can be useful for understanding their own designer values and
brings to light potential issues to consider for future design ideas.

7 Discussion
The Needfinding Machine is a method to allow designers to explore people’s needs
by interacting with the user through an interactive system. It enables the designer to
observe and act in real-time, allowing for in-the-moment design inquiry with data
elicited from the user. This lets designers explore potential design ideas by, with
1 The

driver’s car was instrumented the evening before by the research team.
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and for new types of social data [77]. Designers engaging with users through a
Needfinding Machine can also explore the why behind the user’s behaviors. These
aspects of the Needfinding Machine present a number of benefits to the designer.

7.1 Designing By, With and for Data
By interacting through a Needfinding Machine, designers actively engage with and
elicit data about people in order to understand their potential needs. When considering how designers should approach this data, Speed and Oberlander [77] ask three
questions around how we can design by, with and for data. Specifically, they consider:
1. How might designers develop new methods to capture data that reveals people’s
values in a respectful way?
2. How might designers capture how data influences people and machines in a system
and intervene in the system?
3. How might designers mediate systems developed by other machines while considering people’s values?
The Needfinding Machine is one method to address these three questions. By
framing the interaction through the machine as needfinding, designers act and observe
so that they can understand, empathize, and learn about the user’s life and the user’s
values. Active interaction with the user, rather than covert surveillance of the user’s
behavior, allows the designer to explore useful data features while being sensitive to
the user’s values. During the first session with the driver who spoke about singing
along to her music, the driver was acutely aware they were being recorded and
interacting with a person through the machine. While the user’s awareness may
seem to inhibit needfinding, it engages the user in a participatory way, allowing them
to better consider and control what they share with the designer. For example, in
our second session with Wendy, we saw that Wendy would explicitly ask to change
subjects of discussion. Though this cut off some avenues of conversation, it helped
to guide the interaction in directions aligned with what Wendy would be comfortable
discussing.
From the designer’s perspective, we saw that by interacting through the machine,
designers actively confront the implication of machines that elicit data from people.
Interaction ideas and questions that feel okay in the abstract may turn out to be creepy
or weird when implemented. In our third session with the driver on their morning
commute, the interaction researchers explicitly refrained from discussing the user’s
religion or childhood because they questioned if a machine ought to engage such
discussions. The in-the-moment setup caused designers to consider what information
can and should be used for the design of new music services. As the Internet of Things
enables more data about users to be collected, designers will need to confront whether
this data should be collected or used at all. This need for designer reflection around
Internet of Things data has been seen in other work such as Berger et al.’s Sensing
Home [6], seen in this volume.
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Instrumenting and documenting user interactions in context allows designers to
see and understand how data flows through the context. The Needfinding Machine’s
functional elements allow for data to be captured and viewed in-the-moment and
reviewed later during post-analysis. Capturing the data live allows designers to see
how the information that is collected about the user is representative of the user’s
values. The live interaction allows designers to explore interventions that can enhance
the user’ experience and engage with the user’s values. For example, the interaction
during Wendy’s drive indicated a political dimension to her music tastes. This in turn
reveals aspects of Wendy’s values to the designer. The designer can then work from
this understanding of the user’s values to assess what information is useful for the
design. The designer can also consider how systems that collect data on their own
or generate data, such as a music recommendation engines, might become better
aligned with the user’s values.

7.2 Understanding the Person and the User
Bill Verplank argues that there are three key questions when designing interaction:
How do you feel?, How do you know?, and How do you do? [80]. By conducting
needfinding through a contextually situated system and by explicitly asking the user
questions during the interaction, the designer can answer all of these questions. The
designer can ask how the user feels about the interaction and how the user knows
what is happening during the interaction. The designer can also see what the user
does during the interaction.
For example, during the second session, Wendy discussed a long list of bands she
liked in college. This interaction helped the designers collect data about what music
could be included in Wendy’s listener profile. Additionally though, the conversation
allowed the designers to see how Wendy felt about the bands she listed and how
she developed the feelings for the music. By getting the list of bands along with the
personal meaning behind the bands, the designer could gather a set of meaningful
information from the interaction. Information such as this could be directly used to
design new features into a product, such as ways to seed new playlists or potential
new voice commands. Furthermore, seeing this meaningful information allows the
designer to feel a connection to the interaction participant as a person rather than just
another member of a user group.
The relationship between the designer and user does have some asymmetries due
to the Needfinding Machine setup. The interaction designers who participated in the
third session during the morning commute noted that they felt that they learned a lot
about the driver, who they did not previously know, through the interaction. However,
to the driver, the designers were still complete strangers. The interaction researchers
stated “Oh, I should introduce myself!” during the post interview. This suggests that
there are unresolved questions about how designers should frame these interactions,
and how much reciprocity is expected from a Needfinding Machine. Should the user
know that they are interacting with a designer? Should they know who that designer
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is? And, how should the designer utilize the information gained to benefit the user?
Interacting through the machine may give the designer an opportunity to reflect
on these questions and on their own practices and values. Designers performing as
the machine and eliciting meaningful information should consider how they want to
engage with the user as they can understand both functional aspects of the interaction
and personal details about the user.

7.3 Implications of Real-Time Interaction
Situated, real-time interaction supports designers in developing a rich view of the
user’s life in context. For example, one of the interaction researchers from the morning
commute session noted that (virtually) being in the car at 5:30 AM was an eye opening
experience. The time of day painted a picture for the designer of a an everyday
user experience that they had not considered before. It was a departure from the
designer’s previous work with stationary voice interfaces and their experience as a
remote wizard identified previously unknown needs around how people might listen
to music as a means to wake up or ease into the day. The experience suggested that
the interaction needs of the user might differ as the day goes on. This ultimately
changed the interaction researcher’s thinking about how often a music agent might
interact based on the user’s context.
Real-time interaction puts designers in an improvisational theater, where designers need to treat each utterance from the user as a gift to be responded to in kind [48].
While planning is required for the logistics of the session, designers need to be very
awake to the unplanned opportunities that open up in the course of an engagement.
Reacting to moments as they happen can give the designer the opportunity to understand experience right as it happens. Designers can also improvise the machine’s
behavior as they are performing in order to quickly explore different ideas and to
elicit different types of information. One readily improvised characteristic which
can lead the designer to elicit different information is conversational style [13]. For
example, the wizards interacting with the woman driving her pickup truck in the first
session and with Wendy in the second session used more human-like conversation.
This lead them to focus on having deeper conversations about the music. During the
morning commute session, the interaction researchers focused on a more machinelike interaction. Being more machine-like allowed them to shape the interaction to
be closer to a what a product might be, but still allowed them to explore some of the
more meaningful aspects of the user’s music preferences.
We can liken the way interaction designers employ their intuitive and embodied
sense of context and timing during in-the-moment dialogue to construct interaction
with the way industrial designers and architects prototype and design in-the-moment
with pliable materials. The industrial designer Henry Dreyfuss describes how using
clay as a material allows the designer to explore form beyond what is possible with
sketches [29]. Working in three dimensions allows the designer to experience a model
in a form closer to what the everyday experience would be. It also allows the designer
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to alter a design as they build, similar to how designers can alter as they sketch, but
with less thought devoted to simulating what something may be like. The architect
Eero Saarinen, for example, created “huge models that you could put your head
into and really look around the architectural space and surfaces” [69] as a means to
experience the architectural design in one moment, and then rework them in the next.
The real-time interaction enabled by the Needfinding Machine parallels the
designer’s need for a tactile and embodied way to prototype a design in-situ. Using
a Needfinding Machine, the designer can get their head into the action and converse
directly though the machine, shaping the interaction over time. The conversation
with the user through the machine acts as the pliable material with which interaction
designers can form new alternatives for future designs.

8 Limitations and Future Work
Although we have discussed a number of benefits that a Needfinding Machine can
have for interaction designers, we have also identified some limitations in their usage.
During our sessions, we recognized that some people were uncomfortable with being
recorded, given the intimacy around the discussion of music. In some cases, users did
not want to engage beyond a certain point during the interaction, closing themselves
off and reducing the amount that a designer can learn. The tension that these moments
cause for both the user and for the designer can be useful during early phases of design
as a potential way to identify both user and designer values.
We also noticed that there can be issues on the designer’s end when considering
what information they have been given and how they should proceed along with the
conversation. The designer may question if they should act as a person or if they
should perform the machine, potentially muddling their needfinding efforts. This
being said, we found these moments to be interesting points of reflection for the
designer, potentially working as a way to help the designer consider their own values
during the design process [74].
From a systems perspective, it is tempting to fall into the trap of adding “bells
and whistles” that enable higher and higher fidelity prototyping and realism. We
feel instead that it is important to develop the system so that it maintains focus on
the actual needs of the user [43, 57]. At present, the Needfinding Machine depends
upon having environments with easy network access, power, and the ability to host
cameras, microphones, and the interactive system itself. Adaptations to remove these
types of requirements will enable us to better perform needfinding in less-resourced
environments, where better longitudinal needfinding is direly needed. Developments
in embedded computing and global network connectivity, as well as carefully budgeting bandwidth needs, might open Needfinding Machines to these new arenas.
Finally, the practicing interaction researchers noted that documenting and sharing
the data from Needfinding Machine sessions is challenging within the corporate
environment. Aside from the technical knowledge required to set up a Needfinding
Machine, instrumenting and recording the live interaction is beyond what many
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designers can easily perform today. There are opportunities for finding out methods
to communicate the results of the multidimensional data and in-the-moment learning
that is collected during a Needfinding Machine session. Synchronized data from the
user interactions, system logs, and designer reflections should be turned into easily
shareable and interpretable artifacts so that this information can more meaningfully
guide product discussions.

9 Conclusion
As interactive Internet of Things become more embedded in everyday life, there will
be an even higher need for interaction designers to find and understand unmet user
needs. The Needfinding Machine presents a method for using the devices themselves
to allow designers anywhere in the world to interact with users in situated contexts.
This provides opportunities for designers to extend their needfinding capabilities.
As machine learning enabled adaptive systems change the nature of products,
designers will play a large role in defining how these systems interact and learn from
users. Needfinding Machines can help designers to understand what data may be
relevant to new interaction experiences and can help them simulate and communicate
what interactions are most valuable to a user. Moreover, they present a vision for a
future where designers can use interactive systems to understand and impact the lives
of people.
Acknowledgements The authors would like to thank Kyu Keough, Henriette Cramer, and Jenn
Thom for participating as DJ Bot wizards. They would also like to thank Paul Pangaro, Henriette
Cramer, Jenn Thom, and Alessandro Soro for providing comments on an early draft of this chapter.

References
1. Abras, C., Maloney-Krichmar, D., & Preece, J. (2004). User-centered design. In W. Bainbridge
(Ed.), Encyclopedia of human-computer interaction (Vol. 37(4), pp. 445–456). Thousand Oaks:
Sage Publications.
2. Aldaz, G., Steinert, M., & Leifer, L. J. (2013). Instrumenting the user: Needfinding by
combining data logging and immediate self-reporting. In ResearchGate (Vol. 7). https://
www.researchgate.net/publication/269764041_Instrumenting_the_user_Needfinding_by_
combining_data_logging_and_immediate_self-reporting.
3. Amin, A. K., Kersten, B. T., Kulyk, O. A., Pelgrim, P., Wang, C. M., & Markopoulos, P. (2005).
Sensems: a user-centered approach to enrich the messaging experience for teens by non-verbal
means. In: Proceedings of the 7th International Conference on Human Computer Interaction
with Mobile Devices & Services (pp. 161–166). ACM.
4. Amir, D. (1999). Meeting the sounds. Music therapy practice, theory and research. Modan,
Ben Shemen.
5. Andreasen, M. S., Nielsen, H. V., Schrøder, S. O., & Stage, J. (2007). What happened to
remote usability testing?: An empirical study of three methods. In: Proceedings of the SIGCHI

80

6.
7.

8.

9.

10.
11.
12.

13.
14.
15.

16.

17.
18.

19.
20.

21.
22.
23.

24.

N. Martelaro and W. Ju
Conference on Human Factors in Computing Systems, CHI ’07 (pp. 1405–1414). New York,
NY, USA: ACM. http://doi.acm.org/10.1145/1240624.1240838.
Berger, A., Bischof, A., & Sren Totzauer, M. S. K. L. A. K. (2018). The social internet of
things, chap. Sensing home: Participatory exploration of smart sensors in the home. Springer.
Baur, D., Büttgen, J., & Butz, A. (2012). Listening factors: A large-scale principal components
analysis of long-term music listening histories. In Proceedings of the SIGCHI conference on
human factors in computing systems (pp. 1273–1276). ACM. http://dl.acm.org/citation.cfm?
id=2208581.
Bensimon, M., & Gilboa, A. (2010). The music of my life: The impact of the musical presentation on the sense of purpose in life and on self-consciousness. The Arts in Psychotherapy, 37(3), 172–178. https://doi.org/10.1016/j.aip.2010.03.002. http://www.sciencedirect.
com/science/article/pii/S0197455610000274.
Bentley, F., Metcalf, C., & Harboe, G. (2006). Personal versus commercial content: The similarities between consumer use of photos and music. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems, pp. 667–676. ACM. http://dl.acm.org/citation.cfm?
id=1124871.
Beyer, H., & Holtzblatt, K. (1997). Contextual design: Defining customer-centered systems.
Elsevier.
Black, J., & Abrams, M. (2018). Remote usability testing. The Wiley handbook of human
computer interaction (pp. 277–297).
Boehner, K., Vertesi, J., Sengers, P., & Dourish, P. (2007). How HCI interprets the probes. In
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, CHI ’07
(pp. 1077–1086). New York, NY, USA: ACM. http://doi.acm.org/10.1145/1240624.1240789.
Brennan, S. E. (1991). Conversation with and through computers. User Modeling and UserAdapted Interaction, 1(1), 67–86.
Broadman, D., & Koo, S. (2016). Chatbots: Your ultimate prototyping tool. https://medium.
com/ideo-stories/chatbots-ultimate-prototyping-tool-e4e2831967f3#.fnaltafiu.
Brush, A. B., Ames, M., & Davis, J. (2004). A comparison of synchronous remote and local
usability studies for an expert interface. In CHI ’04 extended abstracts on human factors in
computing systems, CHI EA ’04 (pp. 1179–1182). New York, NY, USA: ACM. http://doi.acm.
org/10.1145/985921.986018.
Burzacca, P., & Paternò, F. (2013). Remote usability evaluation of mobile web applications
(pp. 241–248). Berlin, Heidelberg: Springer. http://dx.doi.org/10.1007/978-3-642-39232-0_
27.
Cadotte, E. R. (1979). The push-button questionnaire: A new tool for measuring customer
satisfaction. Cornell Hotel and Restaurant Administration Quarterly, 19(4), 70–79.
Chen, E. S., & Cimino, J. J. (2003). Automated discovery of patient-specific clinician information needs using clinical information system log files. In AMIA Annual Symposium Proceedings
(Vol. 2003, p. 145). American Medical Informatics Association.
Christian, B. (2012). The a/b test: Inside the technology thats changing the rules of business.
Wired Magazine, 20(5) (2012).
Comber, R., Thieme, A., Rafiev, A., Taylor, N., Krämer, N., & Olivier, P. (2013). Bincam:
Designing for engagement with facebook for behavior change. In: IFIP Conference on HumanComputer Interaction (pp. 99–115). Springer.
Consolvo, S., & Walker, M. (2003). Using the experience sampling method to evaluate ubicomp
applications. IEEE Pervasive Computing, 2(2), 24–31.
Cook, N. (2000). Music: A very short introduction. OUP Oxford.
Crabtree, A., Benford, S., Greenhalgh, C., Tennent, P., Chalmers, M., & Brown, B. (2006).
Supporting ethnographic studies of ubiquitous computing in the wild. In: Proceedings of the
6th Conference on Designing Interactive Systems, DIS ’06 (pp. 60–69). New York, NY, USA:
ACM. http://doi.acm.org/10.1145/1142405.1142417.
Csikszentmihalyi, M., & Larson, R. (1987). Validity and reliability of the experience-sampling
method. Journal of Nervous and Mental Disease.

The Needfinding Machine

81

25. Dahlbäck, N., Jönsson, A., & Ahrenberg, L. (1993). Wizard of oz studies—why and how.
Knowledge-based Systems, 6(4), 258–266.
26. Dishman, E. (2003). Designing for the new old: Asking, observing and performing future
elders. Design research: Methods and perspectives (pp. 41–48). Cambridge, MA and London,
England: MIT Press.
27. Dourish, P. (2006). Implications for design. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (pp. 541–550). ACM. http://dl.acm.org/citation.cfm?
id=1124855.
28. Dray, S., & Siegel, D. (2004). Remote possibilities? International usability testing at a distance.
Interactions, 11(2), 10–17. http://doi.acm.org/10.1145/971258.971264.
29. Dreyfuss, H. (2012). Designing for people. Skyhorse Publishing Inc.
30. Dubberly, H., & Pangaro, P. (2009). What is conversation? how can we design for effective
conversation. Interactions Magazine, XVI, 4, 22–28.
31. English, J., & Rampoldi-Hnilo, L. (2004). Remote contextual inquiry: A technique to improve
enterprise software. In Proceedings of the Human Factors and Ergonomics Society Annual
Meeting (Vol. 48(13), pp. 1483–1487). http://dx.doi.org/10.1177/154193120404801303.
32. Faste, R. A. (1987). Perceiving needs. SAE Technical Paper 871534, Warrendale, PA: SAE
International. http://papers.sae.org/871534/.
33. Forlizzi, J., & Battarbee, K. (2004). Understanding experience in interactive systems. In Proceedings of the 5th Conference on Designing Interactive Systems: Processes, Practices, Methods, and Techniques (pp. 261–268). ACM. http://dl.acm.org/citation.cfm?id=1013152.
34. Froehlich, J., Chen, M. Y., Consolvo, S., Harrison, B., & Landay, J. A. (2007). MyExperience:
A system for in situ tracing and capturing of user feedback on mobile phones. In: Proceedings
of the 5th International Conference on Mobile Systems, Applications and Services, MobiSys
’07 (pp. 57–70). New York, NY, USA: ACM. http://doi.acm.org/10.1145/1247660.1247670.
35. Frohne-Hagemann, I. (1998). The “musical life panorama” (mlp). Nordisk Tidsskrift for
Musikkterapi, 7(2), 104–112. http://dx.doi.org/10.1080/08098139809477930.
36. Ganglbauer, E., Fitzpatrick, G., & Comber, R. (2013). Negotiating food waste: Using a practice
lens to inform design. ACM Transactions on Computer-Human Interaction (TOCHI), 20(2),
11.
37. Gaver, B., Dunne, T., & Pacenti, E. (1999). Design: Cultural probes. Interactions, 6(1), 21–29.
http://dl.acm.org/citation.cfm?id=291235.
38. Gaye, L., & Holmquist, L. E. (2004). In duet with everyday urban settings: A user study of
sonic city. In Proceedings of the 2004 conference on New interfaces for musical expression
(pp. 161–164). National University of Singapore.
39. Geertz, C. (1973). The interpretation of cultures: Selected essays, (Vol. 5019). Basic Books.
40. Geiger, R. S., & Ribes, D. (2011). Trace ethnography: Following coordination through documentary practices. In: 2011 44th Hawaii International Conference on System Sciences (pp.
1–10). https://doi.org/10.1109/HICSS.2011.455.
41. Giaccardi, E., Cila, N., Speed, C., & Caldwell, M. (2016). Thing ethnography: Doing design
research with non-humans. In: Proceedings of the 2016 ACM Conference on Designing Interactive Systems, DIS ’16 (pp. 377–387). New York, NY, USA: ACM. http://doi.acm.org/10.
1145/2901790.2901905.
42. Giaccardi, E., Speed, C., Cila, N., & Caldwell, M. (2016). Things as co-ethnographers: Implications of a thing perspective for design and anthropology. Design Anthropological Futures,
235.
43. Grudin, J., Ehrlich, S. F., & Shriner, R. (1986). Positioning human factors in the user interface development chain. SIGCHI Bull, 18(4), 125–131. http://doi.acm.org/10.1145/1165387.
30871.

82

N. Martelaro and W. Ju

44. Hargreaves, D. J., Miell, D., & MacDonald, R. A. (2002). What are musical identities, and why
are they important. Musical Identities, 1–20.
45. Horvitz, E., Breese, J., Heckerman, D., Hovel, D., & Rommelse, K. (1998). The Lumire project:
Bayesian user modeling for inferring the goals and needs of software users. In Proceedings
of the Fourteenth Conference on Uncertainty in Artificial Intelligence, UAI’98 (pp. 256–265).
San Francisco, CA, USA: Morgan Kaufmann Publishers Inc. http://dl.acm.org/citation.cfm?
id=2074094.2074124.
46. Hummels, C., & Frens, J., et al. (2008). Designing for the unknown: A design process for
the future generation of highly interactive systems and products. In: DS 46: Proceedings of
E&PDE 2008, the 10th International Conference on Engineering and Product Design Education, Barcelona, Spain, September 04–05, 2008.
47. Hutchinson, H., Mackay, W., Westerlund, B., Bederson, B. B., Druin, A., Plaisant, C., et al.
(2003). Others: Technology probes: Inspiring design for and with families. In Proceedings of
the SIGCHI conference on human factors in computing systems (pp 17–24). ACM. http://dl.
acm.org/citation.cfm?id=642616.
48. Johnstone, K. (2012). Impro: Improvisation and the theatre. Routledge.
49. Jones, J. C. (1992). Design methods. Wiley.
50. Kane, R. M., & Yuschik, M. (1987). A case example of human factors in product definition:
Needs finding for a voice output workstation for the blind. In Proceedings of the SIGCHI/GI
Conference on Human Factors in Computing Systems and Graphics Interface, CHI ’87 (pp.
69–73). New York, NY, USA: ACM. http://doi.acm.org/10.1145/29933.30862.
51. Kelley, J. F. (1983). An empirical methodology for writing user-friendly natural language computer applications. In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems, CHI ’83 (pp. 193–196). New York, NY, USA: ACM. http://doi.acm.org/10.1145/
800045.801609.
52. Kelley, T. (2007). The art of innovation: Lessons in creativity from IDEO, America’s leading
design firm. Crown Business. https://books.google.com/books?hl=en&lr=&id=yjgO70g_
qbsC&oi=fnd&pg=PA5&dq=the+art+of+innovation&ots=Un68CbdATN&sig=lDERYluIqk_
BIjB2heuBToIkBMg.
53. Kuiper-Hoyng, L., & Beusmans, J. (2004). Using home networks to create atmospheres in
the home: technology push or (latent) user need? In Proceedings of the Conference on Dutch
Directions in HCI (p. 7). ACM.
54. Ladner, S. (2012). Is rapid ethnography possible? A cultural analysis of academic critiques of
private-sector ethnography (part 2 of 3) (guest contributor). Ethnography Matters.
55. Laurel, B. (2003). Design research: Methods and perspectives. MIT Press.
56. Lee, J. H., & Price, R. (2016). User experience with commercial music services: An empirical
exploration. Journal of the Association for Information Science and Technology, 67(4), 800–
811. https://doi.org/10.1002/asi.23433. http://onlinelibrary.wiley.com/doi/10.1002/asi.23433/
abstract.
57. Mantei, M. (1986). Techniques for incorporating human factors in the software lifecycle. Division of Research: Graduate School of Business Administration, University of Michigan.
58. Martelaro, N., & Ju, W. (2017). WoZ Way: Enabling real-time interaction prototyping and onroad observation. In: Proceedings of the 2017 Conference on Computer Supported Cooperative
Work. Portland, OR. https://doi.org/10.1145/2998181.2998293.
59. Mattelmäki, T., & Battarbee, K. (2002). Empathy probes. In PDC (pp. 266–271).
60. Maulsby, D., Greenberg, S., & Mander, R. (1993). Prototyping an intelligent agent through
wizard of oz. In Proceedings of the INTERACT’93 and CHI’93 Conference on Human Factors
in Computing Systems (pp. 277–284). ACM.
61. Millen, D. R. (2000). Rapid ethnography: Time deepening strategies for HCI field research.
In Proceedings of the 3rd Conference on Designing Interactive Systems: Processes, Practices,
Methods, and Techniques, DIS ’00, pp. 280–286. New York, NY, USA: ACM. http://doi.acm.
org/10.1145/347642.347763.

The Needfinding Machine

83

62. Molin, L. (2004). Wizard-of-Oz prototyping for co-operative interaction design of graphical
user interfaces. In Proceedings of the Third Nordic Conference on Human-computer Interaction, NordiCHI ’04 (pp. 425–428). New York, NY, USA: ACM. http://doi.acm.org/10.1145/
1028014.1028086.
63. Nass, C., Moon, Y., & Carney, P. (1999). Are people polite to computers? Responses to
computer-based interviewing systems. Journal of Applied Social Psychology, 29(5), 1093–
1109.
64. Owen, D. (2018). Customer satisfaction at the push of a button. https://www.newyorker.com/
magazine/2018/02/05/customer-satisfaction-at-the-push-of-a-button?mbid=social_twitter.
65. Patnaik, D., & Becker, R. (1999). Needfinding: The why and how of uncovering people’s needs.
Design Management Journal (Former Series), 10(2), 37–43. https://doi.org/10.1111/j.19487169.1999.tb00250.x. http://onlinelibrary.wiley.com/doi/10.1111/j.1948-7169.1999.tb00250.
x/abstract.
66. Patton, M. Q. (1990). Qualitative evaluation and research methods. SAGE Publications, inc.
67. Plowman, T. (2003). Ethnography and critical design practice. Design research: Methods and
perspectives (pp. 30–38).
68. Rashid, A. M., Albert, I., Cosley, D., Lam, S. K., McNee, S. M., Konstan, J. A., & Riedl,
J. (2002). Getting to know you: Learning new user preferences in recommender systems. In
Proceedings of the 7th International Conference on Intelligent user Interfaces, pp. 127–134.
ACM. http://dl.acm.org/citation.cfm?id=502737.
69. Rosen, P. (2016). Eero Saarinen: the architect who saw the future. http://www.pbs.org/wnet/
americanmasters/eero-saarinen-film/7507/.
70. Rottgers, J. (2018). Spotifys line-in tool lets users add tags, moods and other metadata. http://
variety.com/2018/digital/news/spotify-line-in-music-metadata-1202723757/.
71. Sas, C., Whittaker, S., Dow, S., Forlizzi, J., & Zimmerman, J. (2014). Generating implications
for design through design research. In Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems, CHI ’14 (pp. 1971–1980). New York, NY, USA: ACM. http://
doi.acm.org/10.1145/2556288.2557357.
72. Schedl, M., Knees, P., McFee, B., Bogdanov, D., & Kaminskas, M. (2015). Music recommender
systems. In Recommender systems handbook (pp. 453–492). Springer.
73. Schön, D. A. (1983). The reflective practitioner: How professionals think in action (Vol. 5126).
Basic Books.
74. Sengers, P., Boehner, K., David, S., & Kaye, J. J. (2005). Reflective design. In Proceedings of
the 4th Decennial Conference on Critical Computing: Between Sense and Sensibility, CC ’05
(pp. 49–58). New York, NY, USA, ACM. http://doi.acm.org/10.1145/1094562.1094569.
75. Simon, H. A. (1996). The sciences of the artificial. MIT Press.
76. Sirkin, D., Fischer, K., Jensen, L., & Ju, W. (2016). Eliciting conversation in robot vehicle
interactions. In 2016 AAAI Spring Symposium Series. http://www.aaai.org/ocs/index.php/SSS/
SSS16/paper/view/12755.
77. Speed, C., & Oberlander, J. (2016). Designing from, with and by Data: Introducing the ablative
framework. In Proceedings of the 50th Anniversary Conference of the Design Research Society.
78. Suchman, L. A. (1987). Plans and situated actions: The problem of human-machine communication. Cambridge University Press.
79. Trevarthen, C. (2002). Origins of musical identity: Evidence from infancy for musical social
awareness. Musical Identities (pp. 21–38) (2002).
80. Verplank, B. (2003). Interaction design sketchbook. Unpublished paper for CCRMA course
Music 250a. http://www.billverplank.com/IxDSketchBook.pdf.
81. Wakkary, R., Oogjes, D., Hauser, S., Lin, H., Cao, C., Ma, L., et al. (2017). Morse things: A
design inquiry into the gap between things and us. In Proceedings of the 2017 Conference on
Designing Interactive Systems, DIS ’17 (pp. 503–514). New York, NY, USA: ACM. http://doi.
acm.org/10.1145/3064663.3064734.
82. Waterson, S., Landay, J. A., & Matthews, T. (2002). In the lab and out in the wild: Remote
web usability testing for mobile devices. In CHI ’02 extended abstracts on human factors in
computing systems, CHI EA ’02 (pp. 796–797). New York, NY, USA: ACM. http://doi.acm.
org/10.1145/506443.506602.

84

N. Martelaro and W. Ju

83. Weiser, M. (1999). The computer for the 21st century. SIGMOBILE Mobile Computing
Research Community, 3(3), 3–11. http://doi.acm.org/10.1145/329124.329126.
84. Weizenbaum, J. (1966). Eliza—a computer program for the study of natural language communication between man and machine. Communications of the ACM, 9(1), 36–45.
85. Wright, P., & McCarthy, J. (2008). Empathy and experience in HCI. In Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems, CHI ’08 (pp. 637–646). New
York, NY, USA: ACM. http://doi.acm.org/10.1145/1357054.1357156.
86. Zhang, B., Kreitz, G., Isaksson, M., Ubillos, J., Urdaneta, G., Pouwelse, J. A., et al. (2013).
Understanding user behavior in spotify. In 2013 Proceedings IEEE INFOCOM (pp. 220–224).
https://doi.org/10.1109/INFCOM.2013.6566767.

