
  
  

 
   

         
 

 
 

 
 

  
 

  
  

 
   

         
 

 
 

 
 

  
 

EMBEDDING INTELLIGENCE
Designerly reflections on AI-infused products

edited by Davide Spallazzo, Martina Sciannamè

Artificial intelligence is more-or-less covertly entering our lives and houses,
embedded into products and services that are acquiring novel roles and
agency on users. 
Products such as virtual assistants represent the first wave of materializa-

tion of artificial intelligence in the domestic realm and beyond. They are
new interlocutors in an emerging redefined relationship between humans
and computers. They are agents, with miscommunicated or unclear proper-
ties, performing actions to reach human-set goals. 
They embed capabilities that industrial products never had. They can learn

users’ preferences and accordingly adapt their responses, but they are also
powerful means to shape people’s behavior and build new practices and
habits. Nevertheless, the way these products are used is not fully exploiting
their potential, and frequently they entail poor user experiences, relegating
their role to gadgets or toys. 
Furthermore, AI-infused products need vast amounts of personal data to

work accurately, and the gathering and processing of this data are often
obscure to end-users. As well, how, whether, and when it is preferable to
implement AI in products and services is still an open debate. This condition
raises critical ethical issues about their usage and may dramatically impact
users’ trust and, ultimately, the quality of user experience.
The design discipline and the Human-Computer Interaction (HCI) field are

just beginning to explore the wicked relationship between Design and AI,
looking for a definition of its borders, still blurred and ever-changing. The
book approaches this issue from a human-centered standpoint, proposing
designerly reflections on AI-infused products. It addresses one main guiding
question: what are the design implications of embedding intelligence into
everyday objects?
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2. User Experience and AI-infused products. 
 A wicked relationship

Davide Spallazzo
Department of Design, Politecnico di Milano

The current panorama of AI-infused devices portrays a significant 
dominance of first-party smart speakers, which appear to be the first 
massive embodiment of AI in the domestic landscape. These devices 
are nothing more than discreet ornaments, looking at their simple phys-
ical appearance. Although, the simple appearance betrays a complexity 
determined by numerous features that make such products challenging 
to analyze from a UX point of view.

The main evident characteristic is that they are not just “simple 
products” but ecosystems consisting of several interfaces and touch-
points. Most of them integrate multiple interfaces – namely physical, 
digital, conversational – sometimes overlapping.

The second element of complexity resides in their technological 
core, based on learning algorithms. Therefore, the same device can 
provide different outputs at the same input over time, a condition that 
can affect the user experience.

To increase the complexity of these devices, at least from a UX 
standpoint, there is the fact that their real potential is rarely exploited 
by most users, which mainly uses routine actions such as reading news, 
weather forecasting, and controlling simple home appliances.

Accordingly, the chapter frames the wicked relationship between 
user experience and AI-infused products. Moving from the three iden-
tified elements of the complexity of AI-infused products, it advances 
reflection on how it could be possible to analyze these products from a 
UX standpoint. 
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2.1 Introduction

Continuous technological advancement has made it feasible 
to design ubiquitous systems capable of emulating human behavior, 
resulting in personal assistants that find noteworthy application in many 
sectors (e.g., medicine, security, transport, education). Conversational 
AI-based agents such as Amazon Alexa are spread in millions of 
houses, populating the domestic environment with products powered 
with Artificial Intelligence (AI) capabilities. AI-infused products 
can adapt autonomously to the context and users’ needs, entertain a 
dialogue with them, recognize them, and track/anticipate their behavior. 

This market has already known a great success. However, it is 
expected to exponentially grow in the next few years, reaching billions 
of products integrating smart assistants, being them first-party or third-
party hardware (Canalys Newsroom – Rise of Alexa, Google Assistant 
and Siri to drive US smart assistant-compatible device base to 1.6 
billion in 2022, no date). Even if not so significant in market share, 
we may also add to the count personal and domestic robots (e.g., the 
renowned robot Pepper) provided with AI-based conversational agents, 
which accompany users in daily tasks. 

These goods, which can be considered emblematic of the first 
wave of AI embodiment in the domestic setting, drew much interest. 
Nonetheless, the HCI community and the design discipline at large have 
only recently developed a comparable interest.

The design world, and academia, in particular, has yet to address 
this issue thoroughly, although AI has been touted as a new material 
for designers (Holmquist, 2017; Antonelli, 2018). Some studies have 
analyzed machine learning as a design subject (Dove et al., 2017), 
the use of virtual assistants in everyday life (Sciuto et al., 2018) and 
their aesthetic-functional dimensions in the domestic realm (Spallazzo, 
Sciannamè and Ceconello, 2019). Similarly, other studies coped specifi-
cally with conversational interfaces (Vitali and Arquilla, 2019) or 
reviewed ways for evaluating the user experience enabled by voice-
based interactions (Kocaballi, Laranjo and Coiera, 2018).

However, studies investigating the user experience enabled by 
AI-infused products are needed. Indeed, these devices are frequently 
perceived as gadgets or toys (Levinson, 1977) that tickle the users’ 
craving novelties rather than playing a significant role in their lives. 
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Likewise, they are not exceptionally noteworthy in terms of interaction 
quality, sometimes generating frustration and an essential use unable to 
unlock their potential entirely (Sciuto et al., 2018). 

To the best of our knowledge, no systematic attempt has been made 
to frame the UX entailed by AI-infused products, coping with these 
devices’ complex nature holistically. Accordingly, we consider it rele-
vant to understand and frame the User Experience (UX) they entail and 
review current UX assessment methods to understand their adequacy 
for AI-infused systems. 

2.1.1 Understanding AI-infused systems

Personal assistants, robots, and self-driving cars are entirely 
changing the interaction paradigm we are used to. They are no more 
tools used by humans as extensions of their bodies or minds. AI-infused 
systems are perceived as counterparts (Hassenzahl et al., 2020). 
As such, they introduce a shift from the paradigm of embodiment 
(Dourish, 2001) to alterity, as stated by Hassenzahl and colleagues who 
defined these products otherware (Hassenzahl et al., 2020).

Perceiving interactive products as others and not as users’ exten-
sions entails introducing new interaction paradigms. We do not interact 
with voice assistants; we converse with them. Relying on the robust-
ness of the system is no more enough. We must trust them since 
most of the operations (deep-learning) AI-infused products perform 
are frequently opaque to end-users, and their outputs are somehow 
unpredictable. Novel forms of interaction imply a different relationship 
between humans and machines and necessarily may impact the percep-
tion of machines and the user experience they enable.

AI-infused systems learn, reflect, talk, and clearly show their agency 
to end-users through proactivity. Referring to the three kinds of agency 
– conditional, need-based, delegated – proposed by Kaptelinin and 
Nardi (Kaptelinin and Nardi, 2009), these systems go beyond the dele-
gated agency. Indeed, they can betray users’ expectations or act autono-
mously, or, better, choose the best solution for a problem they have been 
delegated to solve. 

Products integrating AI capabilities (e.g., Amazon Echo family) may 
appear nothing more than inobtrusive ornaments. However, it is evident 
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they betray an intrinsic complexity, increased by features that make 
such products challenging to analyze from a UX point of view. 

The primary distinguishing feature is that they are not only “simple 
goods”, but rather ecosystems with several interfaces and contact points. 
Most of them combine various interfaces – physical, digital, and conver-
sational – that occasionally overlap in terms of functionality. Being 
an ecosystem also entails communicating with – and even controlling 
– other devices. This is especially true for domestic devices, which 
frequently act – or are supposed to act – as a control hub for home 
entertainment and an ever-increasing number of connected objects in 
complex dynamic environments like our homes.

Secondly, their technical heart, based on learning algorithms and 
neural networks, adds a second layer of complexity. It implies that the 
same device might provide multiple outputs at the same input over 
time, a circumstance that could influence UX evaluation in traditional 
methods.

To add to the complexity of these products, at least from the stand-
point of UX evaluation, their true potential is rarely explored by most 
users. They primarily perform ordinary behaviors such as reading news, 
weather forecasting, and operating simple home appliances (Sciuto et 
al., 2018; White, 2018). A condition that may prompt, on the one hand, 
a conversation on discoverability, as advocated by White (2018), and, on 
the other, a more in-depth assessment of the role of such systems in our 
daily lives.

2.1.2 Aims and methodological approach

In line with the reflections expressed above, the hypotheses here 
advanced are that (i) the user experience enabled by such systems 
can hardly be described and framed with current assessment methods, 
and (ii) new qualities of the user experience must be considered. 
Consequently, a (iii) novel assessment method is required to evaluate 
the experience enabled by AI-infused systems holistically. Accordingly, 
the following sections aim to answer three main research questions: 
[RQ1] Are current UX assessment methods enough for AI-infused prod-
ucts? [RQ2] Are new UX dimensions needed for these products? [RQ3] 
What characteristics the new method could have?
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Secondary research has been performed to answer these questions 
with the specific aims of (i) tracking the evolution of UX assessment 
and (ii) understanding current methods and their adequacy in evaluating 
AI-infused systems. The first analysis is confined to works published 
between 2000 and 2020 in the ACM Digital Library and Springer Link, 
retrieved through the query strings UX AND evaluation and UX AND 
assessment. It focused on the few articles tracing the evolution of UX 
and its assessment over time summarized in Figure 2.1.

Authors Sample of UX eval. meth.

(Vermeeren et al., 2010)  96

(Bargas-Avila and Hornbæk, 2011)  66

(Lachner et al., 2016)  84

(Rivero and Conte, 2017) 227

(Pettersson et al., 2018) 100

Fig. 2.1 – Most relevant articles tracing the evolution of UXEM and relative 
sample of UX studies.

A subsequent and more comprehensive study followed a snowball 
sampling approach moving from the articles listed above, to deepen 
specific methods. At the same time, the long list of methods collected 
by the researchers of the Allaboutux.org website served as a reference 
point to have a broad overview of UX evaluation methods.

2.2 User Experience and its assessment

Since the term User Experience (UX) was introduced around the turn 
of the millennium, academics have sought novel approaches to under-
standing and assessing the quality-in-use of interactive systems (Bargas-
Avila and Hornbæk, 2011). Leading this change, which began in the HCI 
sector, was the perception that contemporary assessment techniques were 
overly focused on system usability and efficiency, missing more general 
but no less essential elements such as quality, pleasantness, and meaning.

This turn has been recalled by Hassenzahl, Burmester and Koller 
in a recent work (Hassenzahl, Burmester and Koller, 2021) that traces 
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back twenty years of reflection on UX, moving from their seminal 
article (Burmester, Hassenzahl and Koller, 2002), which challenged the 
univocal association between usability and user experience.

Throughout the years, numerous studies have advanced alterna-
tive methodologies for understanding, conceptualizing, and supporting 
the creation of meaningful experiences with interactive systems 
(Hassenzahl and Tractinsky, 2006), awakening a discussion based 
on differing epistemological perspectives. Simultaneously, the scope 
of the studies steadily expanded from the exclusive instrumental 
and task-oriented evaluation of usability to encompass, to mention a 
few, pleasure (Jordan, 2000), positive emotions (Norman, 2004), and 
aesthetics (Tractinsky, Katz and Ikar, 2000). 

The academic world actively adopted this unique perspective, either 
alone or in collaboration with companies and consulting firms, resulting 
in many publications dealing with UX evaluation of interactive systems, 
whether they are industrial products, digital interfaces, or services.

The proposed solutions ranged from specific tests (Schmettow, 
Noordzij and Mundt, 2013) to the deployment of evaluative tools (Lugmayr 
and Bender, 2016; Minge et al., 2017; Sivaji, Nielsen and Clemmensen, 
2017; Almeida et al., 2018; Zhou et al., 2019; Maguire, 2019) to more 
holistic and broad methods (Obrist, Roto and Väänänen-Vainio-Mattila, 
2009; Kujala et al., 2011; Jiménez et al., 2012; Otey, 2017).

In 2010, Vermeeren et al. (2010) gathered 96 relevant and unique 
UX assessment techniques from academia and industry and classified 
them according to various criteria. The investigated approaches were 
generally used on digital interfaces (such as websites and mobile appli-
cations) and fully functional systems or working prototypes, interfering 
at an advanced stage of development. 

Bargas-Avila and Hornbæk (2011) did a similar wide-ranging critical 
study concentrating on empirical methodologies for the evaluation of 
the UX, with an in-depth investigation of 51 publications out of 1254 
arising from digital library research. Their research revealed a high 
frequency of digital interfaces as examined systems and a propensity to 
evaluate the overall UX and UX aspects such as affect, emotion, enjoy-
ment, aesthetics, attractiveness and hedonic attributes. They also clearly 
demonstrated that researchers generally utilized self-developed ques-
tionnaires and that classic inquiry techniques like questionnaires, inter-
views, and diaries were the most often used to obtain qualitative data.
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Rivero and Conte (2017) conducted a thorough review of UX eval-
uation methodologies for digital interfaces in 2017. Their findings are 
similar to those of the previous studies: the study methods are largely 
traditional (e.g., questionnaires, observation) and used with groups 
of final users in a controlled setting during or after the usage experi-
ence. Differentiating from the previous ones, this study emphasizes 
the importance of quantitative data as the primary output of the UX 
assessment.

One year later, Pettersson and colleagues performed a compre-
hensive review of 100 academic articles published between 2010 and 
2016 describing empirical investigations on user experience evalua-
tion focusing on reliability. The authors explicitly addressed the trian-
gulation of techniques in user experience assessment (Pettersson et 
al., 2018). The review of the state-of-the-art highlights findings that 
are comparable to those found in the studies mentioned above. The 
most usually addressed UX characteristics are overall UX and prag-
matic features (usability), digital interfaces are the most commonly 
evaluated items, and self-developed surveys are frequently used as an 
inquiry method. Additionally, the authors highlight a current trend 
toward employing – and triangulating data from – various ways of 
inquiry to better comprehend and contextualize the results. The study 
emphasizes four open topics for future UX research, listing, among 
others, the necessity of adapting to ever-evolving technologies and 
non-human intelligence. The open question is how to perform this 
adaptation. Accordingly, in the following section, we analyze existing 
UX assessment methods that may adapt or not to the unique peculiari-
ties of AI-infused systems and try to envision general traits of a novel 
method.

2.3 Coping with complexity

A first point to address is AI-infused systems’ unique nature: 
ecosystems rather than single, self-standing products. Taking domestic 
smart speakers as a reference for the discussion, we may state that 
several devices – e.g., light bulbs, doorbells, cameras, and thermostats 
– can currently be linked and controlled, creating an integrated system 
with the smart speaker as its hub. 
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The user experience allowed by such an ecosystem (i) will evolve 
and necessarily (ii) involve a variety of touchpoints, whether physical, 
digital, or based on conversational interfaces. 

Beyond this multiplicity of touchpoints in the ecosystem, the devices 
themselves can be considered complex artifacts from an interaction 
standpoint. Usually, smart speakers integrate physical buttons (e.g., 
volume, mute, activation) and are all equipped with conversational 
interfaces that duplicate more or less the same functions.

In addition, a companion smartphone app enables users to configure 
the device and conduct a variety of tasks, such as broadcasting music or 
controlling linked devices. 

To add complexity from a UX standpoint, these products usually 
provide feedback on their current state through different means, 
whether with colored LED or the assistant’s voice.

Looking at the current panorama of UX assessment methods, we 
could investigate different aspects separately. SUS (Brooke, 1995), 
Kansei (Schütte et al., 2006) and AttrakDiff (Hassenzahl, Burmester 
and Koller, 2003) can be used to assess the product’s usability/prag-
matic or hedonic aspects on the hardware side. Similarly, we may use 
the well-known Nielsen and Molich heuristics (1990) to evaluate the 
companion app’s user interface and eventually rely on specific meth-
odologies to evaluate the user experience of conversational interfaces 
(Pyae and Joelsson, 2018; Maguire, 2019). 

Still, it would be problematic to conduct a comprehensive user expe-
rience assessment to render a holistic view of the quality of the interac-
tion enabled by the devices and their ecosystem.

This first insight may suggest the need for a novel approach to deal 
with the complexity that may consist in (i) a custom technique inte-
grating existing ones or (ii) a generic method capable of capturing the 
spirit of the whole experience. The first approach may require the evalu-
ation of the peculiar characteristics of distinct interfaces and touch-
points and, consequently, a broad and modular method to be tailored to 
each unique scenario under assessment.

The second option appears to be the most popular, based on critical 
reviews of existing UX rating methodologies. According to Bargas-Avila 
and Hornbæk’s study, 41% of techniques evaluate generic user experi-
ence (UX) (Bargas-Avila and Hornbæk, 2011), and the ratio increases to 
56% in a more recent examination by Pettersson et al. (2018).
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The second point of complexity is that AI-infused products rely 
on learning algorithms. Accordingly, the same system might produce 
different outputs for the same input over time.

So, time acquires a great relevance in the user experience since the 
more users interact with the system, the more accurate it should become 
in anticipating/answering needs and requests. 

As a result, assessing the experience over single episodes or even 
a whole day may produce unreliable data. In contrast, longitudinal 
research could presumably provide a more accurate picture of the user 
experience.

The study by Vermeeren and colleagues (2010) outlines a variegated 
picture of UX assessment methods regarding the periods of the experi-
ence objects of analysis. They range from unique snapshots/episodic 
activities to long-term usage through episodes/specific tasks. Looking 
at the percentage emerging from their analysis, 36% of the methods 
object of study already assesses systems’ performances in everyday 
life over a long-term interaction. A different result is highlighted in the 
more recent work by Rivero and Conte, who point out a much more 
limited percentage – 6.6% – of methods assessing long-term interactions 
(Rivero and Conte, 2017). Regardless of the percentage, evaluating the 
user experience with a longitudinal approach is standard practice.

This second insight may indicate the need to choose/create a method 
to assess an experience over a long time and, eventually, track how the 
quality of the experience may evolve (Karapanos et al., 2009).

The third level of complexity in assessing the UX of AI-infused 
systems is that they are relatively new and may present inherent flaws 
in the usage. Two recent studies focusing on Amazon’s smart speakers 
highlight, for example, that users rarely acknowledge and understand 
the actual potential of such devices. This condition may be due to 
poor discoverability and a lack of proactivity (Sciuto et al., 2018; 
White, 2018). 

This condition raises further doubts on the ability of current UX 
evaluation methods to assess AI-infused systems holistically: if the user 
does not fully recognize the systems’ agency and potential, how can she 
fully perceive her experience as unsatisfactory or limited? 

Furthermore, an assessment approach focused exclusively on using 
existing systems/working prototypes, even if correctly developed, may 
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disclose just a few issues that can be addressed through the iterations of 
the last stages of the design process. 

Going back to the studies on Amazon’s devices, proactivity can 
soothe some of the difficulties associated with discoverability (White, 
2018). Nevertheless, adding proactivity to a system is not a simple 
task that can be performed in the last adjustments before the product’s 
launch on the market. It is also true that using potentially powerful 
devices such as smart speakers for simple weather forecasts or as 
music players may reveal weaknesses in the reflection on the product’s 
intended usage in the domestic environment. These reflections must be 
done early in the design process.

Looking again at the study by Vermeeren et al., it emerges that 
only a low percentage – 25% – of current UX evaluation methods 
may be used in the early stages of product development. The majority 
of methods focus on working systems (Vermeeren et al., 2010). 
Accordingly, a method to be applied at different stages of the design 
process may be considered a good option for AI-infused systems.

The last element of complexity here discussed relies on the very nature 
of AI-infused products, that of being otherware (Hassenzahl et al., 2020).

The question is whether current UX evaluation methods are 
equipped to assess something not perceived as an extension of users but 
rather as a counterpart. Looking back at the comprehensive analyses of 
UX evaluation methods, they provide a very traditional portrait in terms 
of objects of study.

The analysis by Vermeeren et al. (2010) highlights an important 
focus on web services (81%), mobile software (77%) and PC software 
(76%). Very similar results emerge from the study by Bargas-Avila 
and Hornbæk (2011), which points out a tendency to assess products 
such as mobile applications and phones, audio, video, TV applications. 
Interestingly they also underline that 21% of the assessed methods 
regard art (e.g., audio photography, interactive canvas). These two 
studies come far before the spread of AI-infused products and do not 
track any methods evaluating specifically such systems.

A more recent study by Rivero and Conte (2017) highlights a signif-
icant percentage of methods broad enough to assess any type of inter-
face (33.9%). Their results further portray attention to web (13.7%) and 
mobile (8.8%) applications. 
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One year later, Pettersson et al. (2018) provide a fragmented image 
of products studied in UX research. In their ranking the most assessed 
systems are mobile apps (15%), interactive games (13%) – that make their 
first appearance –, webtools (12%) and websites (10%). At the same time, 
a small percentage (4%) of methods address connected/IoT services.

The analysis of the criticalities of AI-infused systems against 
current UX evaluation methods suggests a clear answer to [RQ1] (Are 
current UX assessment methods enough for AI-infused products). So 
far, UX research has not explicitly addressed AI-infused systems and 
the creation of a novel, bespoke method to address such systems is 
explicitly needed.

2.4 Understanding UX dimensions

The reflections above indicate the necessity of a novel UX evalu-
ation method to assess the experience enabled by AI-infused systems. 
Following this line, it is essential to understand if the dimensions of the 
user experience assessed so far are enough for these systems or if new 
dimensions must be elicited.

UX dimensions are at the heart of any evaluation process. More 
than any other characteristic, they evolve through time, reflecting an 
ever-changing form of comprehending and framing user experience. 

Looking back at systematic reviews of UX evaluation methods 
(Bargas-Avila and Hornbæk, 2011; Pettersson et al., 2018), we can 
assert that generic UX is by far the most researched dimension, despite 
its ambiguous description. According to Bargas-Avila and Hornbæk 
(2011), generic user experience is generally evaluated qualitatively and 
refers to an overall perception of the experience. Similarly, Pettersson 
et al. (2018) describe generic UX as a broad concept that may be evalu-
ated holistically. Focusing on the whole experience may help manage 
complexity in multi-interface and multi-touchpoint ecosystems, like 
those we are studying. However, it may also be constraining and inca-
pable of providing valuable inputs throughout the design process and go 
to the core of AI-infused systems.

Pragmatic aspects – namely, usability – rank second in the research 
by Pettersson et al. (2018). However, they were not even included as a 
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UX dimension seven years before in Bargas-Avila and Hornbæk (2011), 
underlining a deliberate early dissociation from usability concerns to 
distinguish the new methods. Nevertheless, it must be noted that some 
of the most popular AI-infused systems do not fully address usability 
concerns due to a lack of in-depth reflection on basic interaction design 
principles such as input, output, and feedback modalities. For instance, 
a recent analysis of AI-infused devices (Spallazzo, Sciannamè and 
Ceconello, 2019) shows that these devices provide almost no inherent 
feedback, as physical actions are required in a limited manner; thus, 
only functional and augmented feedbacks appear to characterize 
current domestic assistants. Accordingly, pragmatic questions cannot 
be given for granted and should be evaluated, particularly in the early 
phases. 

Nonetheless, there is little question that usability, emotion/affect, 
and enjoyment play a significant role in the UX. Not surprisingly, these 
aspects are the most often examined after general UX (Bargas-Avila 
and Hornbæk, 2011; Pettersson et al., 2018). Moreover, reflecting on the 
emotional reaction to objects/environments asks for an examination of 
the aesthetics/hedonic aspects of items.

Previous studies on the embodiment of AI capabilities in the 
domestic environment identify an immature perspective on the 
embodiment of AI in the domestic realm (Spallazzo, Sciannamè and 
Ceconello, 2019) and the resulting necessity to incorporate an aesthetic 
dimension into the evaluation technique, particularly during the early 
prototype phases. 

As demonstrated in Bargas-Avila and Hornbæk (2011) and in 
Pettersson et al. (2018), the UX dimensions discussed above are more or 
less handled by the methodologies current assessment methodologies do 
not cover dimensions likely relevant to AI-infused systems.

At the same time the impression is that these dimensions, despite 
essential, seem unable to track the very nature of these devices. So, 
coming to [RQ2] Are new UX dimensions needed for these prod-
ucts, we may state that traditional UX dimensions must be included 
in the analysis, but they are not enough to assess the core qualities of 
AI-infused systems and their impact on the user experience.

Accordingly, in the next section, we outline the characteristics that a 
new tool could have in general terms.
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2.5 Defining traits of a new UX evaluation method

The answer to  [RQ3] What characteristics the new method could 
have?  requires deep reflection and a structured research activity. 
Nevertheless, we consider it beneficial to stimulate a fruitful discus-
sion advancing broad defining characteristics of a novel UX evaluation 
method for AI-infused products.

Following Bargas-Avila and Hornbæk’ suggestion (Bargas-Avila and 
Hornbæk, 2011), we define a new evaluation method by describing the 
methodology to be used and the dimensions of the user experience and 
the types of goods to be studied.

Given for granted that the objects of study are AI-infused systems, 
we may firstly summarize some hints regarding the methodological 
approach.

The discussion on the complexity of such systems already highlighted 
four main traits for the novel method that we may summarize as:

1. Flexible and holistic, to capture the nature of ever-evolving ecosystems.
2. Able to assess an experience over a long time and, eventually, track 

how the quality of the experience may evolve.
3. Appliable at different stages of the design process, even at the early 

stages.
4. Capable of capturing the very core of AI-infused systems 

as otherware rather than users’ extensions.

Defining a methodology means also taking a position in the long-lasting 
debate between the quantitative and qualitative approaches, that move from 
different epistemological standpoints, one considering UX as something 
quantifiable and the other considering simplistic the idea of measuring the 
experience (Bargas-Avila and Hornbæk, 2011; Pettersson et al., 2018). 

Vermeeren and colleagues highlight a fair distribution of approaches 
that use solely quantitative data, purely qualitative data, or both in 
their study (Vermeeren et al., 2010). These percentages contrast with 
those obtained by Bargas-Avila and Hornbæk. They found a majority 
of pure qualitative approaches (50%) over quantitative ones (33%), as 
well as those combining the two (17%). The numbers are inverted in 
the research by Rivero and Conte, with around 58 percent of techniques 
collecting quantitative data, 14 percent collecting only qualitative data, 
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and lastly, 28 percent collecting both forms of data (Rivero and Conte, 
2017). Very varied results may be explained by the different methods 
used by the researchers to select the available papers for the study. 
These results do not provide an excellent basis to consider in the defini-
tion of the new method. Nonetheless, we can see the need for triangula-
tion of different methods in the divergences of the studies mentioned 
above, as proposed by (Vermeeren et al., 2010) and investigated by 
(Pettersson et al., 2018). They highlight a growing trend toward using 
more than one method to increase the reliability of the results. 

We believe that this is a potential direction to pursue to under-
stand the complicated nature of the user experience generated by 
AI-enhanced home devices. Thus, it is unsurprising that one of the first 
research focused on Amazon Echo (Sciuto et al., 2018) used a mixed-
methods approach that included logs and qualitative interviews.

The second element to be considered in defining a new evalua-
tion method regards the UX dimensions they assess. As stated in the 
previous section, the current UX evaluation methods mainly focus on 
traditional UX dimensions that appear unable to fully frame the experi-
ence enabled by AI-infused systems.

They do not assess the meaning of engaging with other intelli-
gences (Hassenzahl et al., 2020) embedded in AI-infused systems. 
Understanding meaning as a definable – and even quantifiable – element 
in the user experience could play a prominent role in products whose 
potential is not fully exploited (White, 2018). Indeed, the meaningful-
ness of a user experience requires reflection on both the physical envi-
ronment, which is frequently overlooked in existing paradigms and the 
social context. Additionally, it entails a close relationship with the users’ 
history and motivations and their ethical viewpoints.

At the same time, it becomes mandatory to reflect on the perception 
of the other intelligence itself and the quality of the relationship it may 
establish with the user. The study on the UX of conversational inter-
faces directly consequences the previous statement since voice interac-
tion is becoming a common trait of AI-infused systems (Kocaballi, 
Laranjo and Coiera, 2018).

Furthermore, the ethical implications of systems that collect and 
manage a massive amount of data – even personal ones – to work 
correctly should be somehow considered. Instead of or in addition to 
reliability, assessing trustworthiness could be relevant to such systems.
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2.6 Conclusions

AI-infused products are game-changing, and the UX research 
appears unprepared to cope with novel paradigms of interaction, 
entailing a very different way of understanding interactive systems and 
their agency.

The research discussed so far confirms the assumption that current 
UX evaluation methods are not entirely adequate to holistically assess 
the user experience enabled by AI-infused systems. Furthermore, the 
UX dimensions commonly assessed provide a general understanding of 
the user experience, but do not analyze the very core of such systems. 

Accordingly, a novel UX evaluation method specifically addressed 
to AI-infused system is needed to provide guidance in the development 
and improvement of such system. In the last section we highlighted 
broad traits of a method to be, with the aim of stimulating discussion 
within the design discipline.
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EMBEDDING INTELLIGENCE
Designerly reflections on AI-infused products

edited by Davide Spallazzo, Martina Sciannamè

Artificial intelligence is more-or-less covertly entering our lives and houses,
embedded into products and services that are acquiring novel roles and
agency on users. 
Products such as virtual assistants represent the first wave of materializa-

tion of artificial intelligence in the domestic realm and beyond. They are
new interlocutors in an emerging redefined relationship between humans
and computers. They are agents, with miscommunicated or unclear proper-
ties, performing actions to reach human-set goals. 
They embed capabilities that industrial products never had. They can learn

users’ preferences and accordingly adapt their responses, but they are also
powerful means to shape people’s behavior and build new practices and
habits. Nevertheless, the way these products are used is not fully exploiting
their potential, and frequently they entail poor user experiences, relegating
their role to gadgets or toys. 
Furthermore, AI-infused products need vast amounts of personal data to

work accurately, and the gathering and processing of this data are often
obscure to end-users. As well, how, whether, and when it is preferable to
implement AI in products and services is still an open debate. This condition
raises critical ethical issues about their usage and may dramatically impact
users’ trust and, ultimately, the quality of user experience.
The design discipline and the Human-Computer Interaction (HCI) field are

just beginning to explore the wicked relationship between Design and AI,
looking for a definition of its borders, still blurred and ever-changing. The
book approaches this issue from a human-centered standpoint, proposing
designerly reflections on AI-infused products. It addresses one main guiding
question: what are the design implications of embedding intelligence into
everyday objects?
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