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Executive summary

AML Algebraic Machine Learning (AML) is a novel machine learning technique based on algebraic
representations of data. Unlike statistical learning, AML algorithms are robust regarding the statistical
properties of the data and are parameter-free. AML systems can retain what they learn, including
sociocultural ethical practices for human—artificial intelligence systems. The aim of the EU-funded ALMA
project is to study the mathematical properties of AML and to leverage them to develop a new generation
of interactive human-centric machine learning systems. These systems are intended to minimize bias in
order to facilitate trust while better enabling distributed collaborative learning.

This report corresponds to Deliverable D4.6 - Interaction Paradigm Methodology - Final of the ALMA
project. The goal of this deliverable is to extend current participatory design and generative design
methodologies to incorporate the role of an intelligent system in the interaction loop, where agency
shared between the human user and the AML system.
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1 Introduction

The goal of this deliverable (Deliverable D4.6 - Interaction Paradigm Methodology - Final) is to explore
how to extend current participatory design and generative design methodologies to include an intelligent
agent in the interaction loop. The key challenge is how to manage the sharing of agency between human
users and the AML system, in such a way that increases the efficacy of both. This requires new research
and design methods that emphasize the interaction between the human user and the AML system, as
opposed to the qualities of the algorithm alone.

(Deliverable D4.5 discussed the challenges of creating human-centered Al that is, intelligent interactive
systems with a measurably positive impact on human users. The key is to create “human-computer
partnerships” that combine human skills and system capabilities so that humans and intelligent agents
perform better together than either individually. This requires not only taking advantage of the best
characteristics of each, but also considering how to improve human capabilities over time, thus “upskilling”
rather than deskilling or replacing the users of these systems [1]. Unfortunately, that most current Al
research is measured in terms of improvements to an algorithm, not on the effect of the intelligent system
on human users over time.

This became an issue of concern to society at large with the introduction of CHATGPT, which fun-
damentally changed the ways in which the general public viewed artificial intelligence in general, and
machine learning in particular. Being able to write text prompts, ask questions or sketch lowered the
barrier to entry for taking advantage of such systems. While this level of access is very useful for a variety
of applications where the goal is to gather inspiration or get suggestions for text or images, it does not
address a key underlying problem i.e. that users do not have any way of knowing how the system works
or verifying the accuracy of the information they receive.

CHATGPT, Dall-E and more recent systems represent major technical breakthroughs, they also carry
many embedded assumptions about how to interact with them. Asking people to converse with a sim-
ulated person appeals to our very human tendency to anthropomorphize the objects and animals we
interact with. However, this can lead to severe problems when the intelligent agent is wrong or “halluci-
nates” [2]. The term “hallucination” was introduced to describe any incorrect or misleading results that
AT models generate. These errors can be due to incorrect model assumptions, insufficient training data,
or biases in the model’s training data. Unfortunately, hallucinations are altogether too common and are
difficult for even expert users to identify.

This leads to a fundamental challenge for designers of intelligent systems: How can we create intelligent
systems that users, whether experts in the domain or not, can understand? How can users identify a
system’s capabilities and potentials for error, so they can use them effectively? How can users understand
what the system can do for them?

After first describing the history and value system underlying participatory design, this deliverable de-
scribes how the Comparative Structured Observation method can help designers assess the role of an an
intelligent system in the interaction loop, where agency is revealed and shared by the human user and
the AML system.
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2 Participatory Design

Susanne Bgdker [3] identifies three “waves” of human-computer interaction (HCI) research. The first
wave of HCI focused on building systems that were easy to use, with quality judged from an engineering
perspective. Researchers and developers ran controlled experiments with quantitative measures, not only
of the machine’s performance, but also of the human user’s performance. Traditional measures included
speed of execution and rate of errors, as well as questionnaires as to how well the user’s liked the system.
This style of HCI research made sense in an era when computers were large mainframes focused on
complex computational tasks in government or corporate settings.

The second wave of HCI shifts the focus from the computer to the human user, who is viewed as an
“information processor” and “decision maker”, using psychology and cognitive science as its theoretical
underpinnings. Here, the goal was to model user behavior and create designs informed by those models.
This era was accompanied by massive changes in computing hardware and software, where white collar
workers could operate their own “personal” computers at work. New conferences, such as “Computer Sup-
ported Cooperative Work” began to consider how groups of people collaborate with computers, although
the emphasis remained on work, with input from new research disciplines, such as sociology.

The third wave of HCI was accompanied by the advent of personal computing, and the widespread use
of a wide variety of computing devices, including smart phones and watches, for both work and personal
use. The research focus changed to incorporate the social-cultural context of computing, which required
contributions from still more research disciplines as well as more active contributions from all aspects of
design.

Each wave responded to the significant changes in hardware, software and network capabilities, but also
in the purposes and settings in which they were used. These fundamental changes in computing has
required corresponding changes in HCI research and design methodologies, which shifted from studying
the “human factors” related to making more efficient, “user friendly” systems to considering how to
integrate computing into every aspect of our lives.

The earliest HCI research supported traditional software development approaches from the 1970s and
1980s. During this period, software engineers imitated the hardware engineering process, which demanded
a complete specification of the final system up front, followed by a systematic development process that
produced the final result. The corresponding software development process, often referred to the “water-
fall approach”, involved beginning with a detailed specification of “user requirements” usually phrased
in terms of user tasks that are related to specific computer functions. After these functions have been
implemented into the final system, the developers may run usability studies, with quantitative measures
of performance and/or questionnaires to learn what users liked or disliked about the system.

Participatory design was developed in the Scandinavian countries at the same time, but took a com-
pletely different approach that actively involved users as key stakeholders throughout the design process.
According to Spinuzzi [4], participatory design is a research paradigm with “its own highly articulated
methodological orientation, methods, and techniques ... [with] a commitment to sustained, methodical
investigation according to grounded methodological principles.” HCI researchers who were influenced by
this approach focused on understanding the users’ needs in the real-world context of use.

They emphasize qualitative methods for exploring design possibilities with users to both co-design new
design ideas and test them with users. Quantitative methods, in the form of controlled experiments,
tend to be used primarily in the evaluation phase of the design process. Another key characteristic of
participatory design is to treat users as important stakeholders in the design process, from problem iden-
tification and developing research questions to disseminating the final results. Note that User Experience
(UX) design practitioners use a related term — [co-design] — to refer to ensuring that users are consulted
during the design process, although not always as stakeholders.

© 2021 ALMA | H2020-EIC-FETPROACT-2019 | 952091



D4.6 - Interaction Paradigm Methodology - Final @ALMA

Both participatory design and co-design fit well with Agile[5] programming, which emphasizes the ability
to create and respond to change. Unlike the traditional “waterfall” software development methods, the
goal is to be receptive to user needs and to adjust as circumstances change, rather than attempting to
define all aspects of the system from the outset.

Clement and van den Blessar clarify the differences between participatory design and more conventional
research approaches:

Unlike conventional research, which is directed primarily at producing results of interest to
those beyond the immediate research site, an essential goal of action research is to achieve
practical or political improvements in the participants’ lives, e.g., less routine work, greater
autonomy, more effective tools. The researcher becomes directly involved in the ongoing work
and feeds results back to the participants.” (Clement and van den Bessar, 1993, p.33.)

Spinuzzi [4] identifies the following criteria for participatory design, drawn from the Scandinavian tradi-
tion:

1. Improve the Worker’s Quality of Life by increasing the worker’s control over their own work or-
ganization, tools and processes, and improving their ability to perform tasks with ease. This
requires a critical reflection on tacit knowledge, invisible work and unstated individual and orga-
nizational goals. Goals include reaching agreement through interviews, focus groups, workshops,
organizational games, prototyping sessions, and other techniques and co-determining the project
goals between researchers and users.

2. Collaborative development to explore and articulate tacit knowledge and invisible practices, where
users participate in both data collection and analysis. Researchers ensure that user’s are represented
and provide routes for ensuring that their concerns are addressed.

3. Iterative process to ensure a sustained reflection on the designed artifact, as each iteration reveals
new invisible work practices and tacit knowledge. This requires co-design activities throughout the
design process, with a flexible approach for handling change.

What is clear from the above is that participatory design has a deep political foundation with clearly
articulated humanistic values. The goal is explicitly to empower workers by actively integrating them
as key stakeholders into the design process. While the term is used more broadly for a wider variety of
design activities, it is useful to remember the reasons for why certain aspects of participatory design were
chosen.

From an interaction design perspective, the goal is to create intelligent interactive systems that truly
meet the needs of their users. We argue that this requires an approach that involves active participation
by users, rather than the more common approach of developing the system first and then testing it on
users. Valuing human perspectives and explicitly seeking to incorporate their tacit knowledge about the
domain and the context of use can result in significantly better AI, where human users take advantage of
uniquely human capabilities and benefit from the resources offered by AI, rather than simply becoming
another cog in the machine.
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3 Methods for Intelligent System Design

Our own work on participatory design methods has evolved over the past few decades ([6, 7, 8] and has
included a strong emphasis on the value of multi-disciplinary mixed methods [9, 10] While we retain
the emphasis on working closely with users, our primary goal is to generate truly novel designs that
demonstrate new principles for how to interact effectively with different forms of computers. We also
explore a much wider range of users and use settings, since we are interested in creative and personal
uses of computing, in addition to work settings.

However, we have also developed what we call “generative theories of interaction” [11], which are inspired
by existing theories of human cognition and behavior and applied to interaction design. These theories
include concepts specific to Human-Computer Interaction (HCI) that can be transformed into actionable
principles for designing interactive systems. For example, we explore how to transform theories from other
disciplines such as co-adaptation from evolutionary bioloty [12] or technical reasoning from ecological
psychology![13, 14] into actionable principles for design.

Applying a generative theory of interaction involves three basic steps:
1. analyze the system according to the design principles.
2. critique specific elements of the system, and finally
3. construct a new design that more fully integrates the above design principles.

These generative theories offer both researchers and User Experience (UX) designers the opportunity
to design truly novel forms of interaction that are both simpler to use and provide greater power of
expression. However, we argue that the advent of generative Al raises the need for additional generative
theories, with corresponding research methods, that allow us to integrate machine learning into interactive
systems in ways that truly meet users needs.

How does AI change participatory design?

The basic participatory design approach and value system does not change: we must still take the user’s
perspective into account and include them throughout all phases of the design process. However, a key
problem for HCI researcher and UX designers is that Al makes it much more difficult to predict what
the machine learning algorithm will produce. It is harder to clearly identify edge cases and address the
potential harm of unexpected hallucinations. One of the hallmarks of AI systems is that users tend to
over-estimate their reliability, which can lead to serious problems. Designers need to include this potential
for the system to generate errors, which may be subtle and hard to detect, and to mitigate the dangers
of having users over-rely on systems.

Another key design challenge is how to avoid transforming users from active agents who are in control of
the interaction, into more passive recipients of suggestions from the Al, effectively becoming error checkers
rather than authors. From a human perspective, poorly designed interaction with an intelligent system
can severely reduce the quality of the user’s job. The cost of generating new information is replaced by
the cost of checking for errors.

How can we measure the effect of incorporating AI?

Many of the existing quantitative methods that have been developed by the HCI research community or
borrowed from other disciplines can be used effectively to evaluate an intelligent system once it has been
implemented. Designers can also use standard qualitative methods for gathering information about users
and generating novel ideas. However, the field lacks a clearly identified, rigorous qualitative method for
assessing a design concept or choosing among different design variants, because at this point, the designer
is not interested in measuring performance — getting the design right — but rather in an earlier question,
which is getting the right design [15] The next section describes our work on Comparative Structured
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Observation, a novel qualitative mixed method that provides a structured approach for gathering design
insights from users who have experienced grounded, contextually relevant tasks with different design
variants and asking for their reflections on the complex sets of trade-offs that obtain.
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4 Comparative Structured Observation

A key role of Human-Computer Interaction (HCI) research is to generate novel concepts that inform the
design of interactive systems. HCI researchers can generate new design insights by drawing upon a variety
of well-defined qualitative methods in the early phases of a design-based research project. For example,
naturalistic observation helps researchers understand user needs in field settings and produce implications
for design; whereas participatory design involves target users and researchers working together to explore
new design concepts. However, assessing a nascent design concept or verifying a design direction remains
challenging, especially since the goal is not yet to validate a final design, but rather to obtain insights
from users that help refine the concept.

A common perception among HCI researchers is that evaluating a new system design requires running a
controlled experiment that compares it to other designs according to pre-defined quantitative measures
by establishing a causal connection between the proposed design and dependent, quantitative measures.
However, such experiments are only appropriate for evaluating clearly articulated, testable hypotheses,
such as demonstrating improved performance with a specified interaction technique. They are far less
relevant when the researcher’s goal is to assess the user’s subjective reactions to potential design variants
or to choose among alternative design directions. A problem arises when a research project is advanced
enough to have an initial design concept, but a quantitative assessment is either too early or altogether
inappropriate.

This assumption that HCI publications require quantitative experiments, even if such experiments do
not fully assess or advance the design, may lead authors to avoid qualitative study designs, even when
quantitative assessments are either too early or altogether inappropriate. Greenberg and Buxton [15]
argue that this emphasis has a cost, since it encourages HCI researchers to focus on getting the design
right, i.e. selecting a design early and perfecting it, rather than getting the right design, i.e. generating
and comparing multiple design alternatives to explore their strengths and weaknesses. Prominent HCI
researchers have gone further, speculating that HCI’s over-emphasis on quantitative usability evaluations
may be linked to the low adoption of published interaction design research outside of the field [15,
16, 17]. Somewhat informal qualitative usability studies exist, such as industry studies that gather
users’ reactions and opinions about a new design, however, they are often discounted by reviewers as
insufficiently “scientific”.

Although designers in industry often run qualitative usability studies to gather users’ reactions to and
opinions about a new design, such studies are rarely submitted to HCI research venues because they
are likely to be discounted by academic reviewers as insufficiently “scientific”. This leaves researchers
interested in getting the right design with a dilemma: Is it better to run an informal qualitative study
that produces “fuzzy” claims about how much users “like” the new design or to run an inadequately
controlled experiment with hypotheses chosen more to demonstrate statistical significance than for their
relevance to assessing the design concept? Should the authors add an experiment to appease reviewers
even if the primary contribution stems from qualitative insights?

Some authors highlight qualitative insights as their key research contribution, but add an experiment to
appease reviewers. Worse, some reviewers may find themselves wanting to accept an article, but end up
rejecting it because the inadequacy of the experiment detracts from the work.

We argue that the HCI research community needs a clearly articulated qualitative method that occurs
after exploratory research has resulted in a promising design direction but before the fully implemented
design can be validated. The goal here is to produce a rigorous, qualitative assessment of the new concept,
where users can experience, compare and reflect on design variants, or compare the proposed design to
the status quo. Comparison is central to Structured Observation. It enables not only multiple design
variants to be assessed (to increase likelihood of getting the right design) but it can mitigate nuisance
variables, including the Hawthorn Effect.
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We have developed a novel mixed method called Comparative Structured Observation [10] which is de-
signed for use in the middle phases of the design process, when the designer is trying to assess a particular
design direction or to compare the trade-offs across multiple design methods. Researchers observe users
and ask them to compare and reflect on each variant. They then apply a set of criteria for creating
a Comparative Structured Observation study and illustrate variations of the method by analyzing four
published studies. We also examine five additional studies (two “near” and three “far”) to clarify the
boundary between what should and should not be considered a Comparative Structured Observation. We
discuss the benefits and limitations of the method and argue that gathering comparative reflections about
design variants can help researchers assess and advance their design concepts.

The method takes advantage of the structure of controlled experiments to generate and compare grounded
reflections from users about design variants. Rather than testing hypotheses about causal relationships
between factors, the goal is to advance the design concept. The Comparative Structured Observation
method involves systematic observation of participants’ behavior under ecologically relevant conditions
and encourages both participants and HCI researchers to compare and reflect upon the similarities and
differences across multiple design variants.
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5 Defining Comparative Structured Observation

The primary goal of Comparative Structured Observation is to capture insights from participants’
reflections about selected design variants in order to generate implications for design, either
by identifying the aspects of the design that do or do not work well and why or by providing direction
for how to improve the design. Comparison is essential — both participants and researchers must be
able to compare and reflect on the advantages and disadvantages of each variant relative to its context
of use. Because Comparative Structured Observation often yields knowledge about how tasks moderate
the success of different design choices, sometimes characterized as What design works when? How? and
Why?, design implications should be richly contextualized.

We define Comparative Structured Observation as:

an interventionist, qualitative method for assessing and advancing a design concept where
researchers observe participants as they compare and reflect deeply upon their experiences
with selected design variants, exposure to which is structured according to experimental design
principles.

We chose the name Comparative Structured Observation because it evokes key desired characteristics of
the method: It emphasizes qualitative observation of how study participants experience and compare
design variants, with structured tasks or events that are usually imposed by the researcher. Although
sociologists use the term Structured Observation informally, mostly to remind researchers that creating
a structured observation checklist will facilitate subsequent data analysis. We feel that the longer term
Comparative Structured Observation both captures what we mean and will not be confused with prior
and informal uses of the shorter term Structured Observation.

Our definition of Comparative Structured Observation is explicitly interventionist, since the researcher
imposes design variants for the study participants to experience, either by generating tasks for them to
perform or ensuring the presence of naturally occurring events.

Comparative highlights the centrality of comparison, which is key to the design of controlled, quantita-
tive experiments [18]. Here, we obtain similar benefits with qualitative studies, since exposing participants
to two or more design variants encourages them to reflect on and compare the strengths and limitations
of each. Participants explicitly compare their experiences with ecologically grounded tasks which pro-
vides a rich foundation for critiquing the proposed design elements, with a correspondingly richer, deeper
feedback.

When participants “think aloud” [19, 20], they think more deeply about their tasks. Asking participants to
compare makes it easier for them to critique design elements with respect to their own experiences and use
context, which is essential for achieving richer, deeper feedback. Comparison also helps researchers assess
the impact of design decisions more clearly, especially those that vary across the design variants.

Structured refers to the structuring of study participants’ activities and the ordering of their exposure
to different design variants, e.g. through counter-balancing. The researcher selects specific tasks or events
to facilitate both the participant’s and the researcher’s ability to compare and reflect on the variants.
The tasks should be grounded in real-world context, in other words, be as ecologically valid as possible.
The researcher takes advantage of the principles of experimental design to control the presentation of
conditions (the design variants) and tasks as well as to explicitly account for various “threats to valid-
ity” [18, 21], such as primacy and recency effects, learning and fatigue effects, and confirmation bias [22].
Note that borrowing the structure of controlled or quasi-experiments [18, 21] does not imply that we
also borrow the corresponding emphasis on quantitative measures, nor the expectation that the studies
should be designed to test operationalized hypotheses or establish causal relationships.

Observation highlights researcher’s observation and recording of qualitative aspects of the users’ behav-
ior. However, such observations need not be co-present or even live. Researchers could set up a remote
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observation via a video link, log participants’ interactions, or ask participants to use a think aloud pro-
tocol [23] as they perform tasks that are recorded and assessed later. Researchers and participants must
interact with each other, Comparative Structured Observation requires interaction between the researcher
and the participant, usually in the form of a post-hoc interview, in order to gather detailed reflections
about participants’ in-context experiences with the system of interest. Note that interviews alone are
insufficient to be considered “observation”—in all cases, researchers need an independent source of data
that captures each participant’s behavior with respect to the design. This combination of observation
and interviews aligns well with the mixed-method framework advocated by Johnson & Onwuegbuzie [22],
where interviews conducted during or after observing how participants have performed tasks or experi-
enced events add to the richness of the qualitative results that can be drawn from the study.

We chose the term Comparative because of the centrality of comparison to the method. Participants
must be exposed to two or more design variants, so they can reflect on and compare the strengths and
limitations of each. Asking participants to compare opens the possibility for them to critique design
elements, which is essential for achieving deeper more fulsome feedback. Comparison is also critical for
the researchers to see more clearly the impact of design decisions, especially those that vary across the
design variants.

We chose the term Structured to refer to the structuring of study participants’ activities and their exposure
to different design variants (orconditions) in the study. The researcher selects specific tasks or events
to facilitate both the participant’s and the researcher’s ability to compare and reflect on the variants.
The researcher can take advantage of the principles of experiment design to control the presentation of
conditions and tasks, as well as explicitly account for various “threats to validity” [18, 21], such as primacy
and recency effects, learning and fatigue effects, and confirmation bias [22]. Note that borrowing the
structure of controlled or quasi-experiments [18, 21] does not imply that we also borrow the corresponding
emphasis on quantitative measures, nor the expectation that the studies should be designed to test
operationalized hypotheses or establish causal relationships.

We use the term Observation to ensure that the researcher observes and records qualitative aspects of
the participants’ behavior. However, such observations need not be co-present or even live. Researchers
could set up a remote observation via a video link, log participants’ interactions, or ask participants to
use a think aloud protocol [23] as they perform tasks that are recorded and assessed later. However,
Comparative Structured Observation does require interaction between the researcher and the participant,
usually in the form of a post-hoc interview, in order to gather detailed reflections about participants’
in-context experiences with the system of interest. Note that interviews alone are insufficient to be con-
sidered “observation”—in all cases, researchers require an independent source of data that captures each
participant’s behavior with respect to the design. This combination of observation and interviews aligns
well with the mixed-method framework advocated by Johnson & Onwuegbuzie [22], where interviews
conducted during or after observing how participants have performed tasks or experienced events add to
the richness of the qualitative results that can be drawn from the study.
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6 Comparing Comparative Structured Observation to Other
Methods

As a highly multidisciplinary field, HCI draws research methods and analysis techniques from a variety of
research disciplines, not only from the social and natural sciences, but also from design and engineering |9,
11]. The disparity across research goals and assumptions can create confusion and conflicts as HCI
researchers with different disciplinary backgrounds attempt to justify their research approaches. In a
special issue of the journal Human Computer Interaction, Gray & Salzman [24] analyze and critique
five highly cited HCI articles that used experiments to compare usability evaluation methods (UEMS).
Although these experiments had been used to justify advice to practitioners, they found that “small
problems in the way these experiments were designed and conducted call into serious question what
we thought we knew regarding the efficacy of various UEMs”. They highlight the problem of trying
to determine causal relationships between complex, multivariate alternatives when standard quantitative
methods, and cite Cook & Campbell’s [18, 21] seminal work on quasi-experimental designs for conducting
maximally rigorous field experiments, when researchers seek ecological validity but cannot fully control
the conditions experienced by study participants.

Cook & Campbell first summarize the rules and assumptions regarding traditional laboratory experi-
ments, which they treat as the gold standard for establishing cause-and-effect relationships. They explain
how the experimenter structures tasks assigned to participants, either by fixing them, randomizing them,
or varying them systematically, such as when using a latin square to counterbalance the presentation of
conditions to mitigate unwanted order effects including learning and fatigue. They then proceed to define
quasi-experiments, which seek to structure the study conditions so as to optimally address what they call
“threats to validity”.

Runkel & McGrath [25, 26] compare eight research methods, ranging from formal theory, to controlled
experiments, to field studies, and show the choice of any particular method optimizes one kind of result
at the expense other results. For example, a controlled lab experiment offers measurement precision at
the expense of ecological validity and generality, whereas a field study offers ecological validity at the
expense of measurement precision and generality. Because no single method can provide comprehensive
findings, Mackay & Fayard [9], advocate a mixed methods, triangulation approach, where researchers
choose the combination of methods most appropriate to their research goals, given the current phase of
the research project. They also highlight a key distinction between social science goals, which seek better
understanding of human behavior, cognition, emotion, movement, etc. and HCI, which seeks to provide
implications for the design of interactive systems in light of that understanding.

Both Cook & Campbell and Runkel & McGrath take a positivist stance, which is echoed in Gray &
Salzman’s critique of usability studies found in HCI research. Since then, the field has become increasingly
open to qualitative research, in an interpretivist framework. To be clear, these discussions are intended
for HCI researchers, not UX practitioners, who use the term “usability study” to refer to a wide variety
of different kinds of studies, from highly formal and controlled to informal and quick, but usually chosen
for pragmatic reasons to assess the current state of the product design.

Johnson & Onwuegbuzie [22] also advocate a mixed methods approach. They compare and contrast the
advantages and disadvantages of purely qualitative and quantitative methods in educational research,
and advocate using “multiple approaches in answering research questions, rather than restricting or
constraining researchers’ choices.” They reject dogmatism and argue that research designs should be
“expansive and creative”, and suggest that “researchers take an eclectic approach to method selection
and the thinking about and conduct of research.” Perhaps not surprisingly, they represent a field with
a strong applied element/textemdasheducational research/textemdashthat seeks to improve educational
outcomes. Other applied fields share this goal: management science seeks better methods for managing
organizational behavior, and medical research seeks better health outcomes. HCI research has a similar
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Source Project | Research Primary Inter- | Primary [ Comparison | Controlled Participant
Research methods
Discipline Phase Setting Research Goal | vention? | Analysis | Central? |[Comparison?| Reflection?

Comparative
Structured Observation

Psych, Soc Sci later design implications qualitative

Naturalistic Observation GG early field understand users no qualitative

Contextual Inquiry | HCI early field understand users yes qualitative - - yes

Experience Sampling L SocSci all field understand users yes qualitative - - yes

Diary Study Soc Sci all field understand users yes qualitative - - yes

Speed Dating Jz[6NRESF-} early lab design implications yes qualitative yes - yes

Cultural Probe izleRIDIFA} early field idea generation yes qualitative

Technology Probe | HCl later field evolve design yes qualitative - - yes

Quasi Experiment Soc Sci later field causal relationships yes quantitative yes yes

Controlled Experiment | Psych later lab causal relationships yes quantitative yes yes

Usability Study Ergo, HCI later any identify problems yes quantitative - possible

Table 2: Contrast between Comparative Structured Observation and other methods common in HCI
research, including source discipline; research phase, setting, and goals; intervention and analysis type,
and whether the method explicitly requires comparison and reflection.

underlying goal, which is to improve the design of interactive systems, and benefits from a similar, mixed-
method approach. Perhaps not surprisingly, the term “structured observation” appears in these more
applied research areas, but as previously noted, their use differs from our characterization of Structured
Observation, which is explicitly interventionist.

Many HCI experiments employ quantitative measures, often of performance, such as speed and error,
with standard statistical tests, such as ANOVA (Analysis of Variance), to determine if, for example, one
interaction technique is better than another. Researchers sometimes accompany such experiments with
questionnaires, e.g. five-point Likert-style questions, to determine participants’ preferences and may also
ask more open-ended questions to gain deeper insights into the participants’ perceptions of the system.
Experiments work well when the researcher can clearly identify a quantifiable goal, such as improved
performance, and can construct a controlled laboratory setting in which to test it.

However, many HCI researchers are not particularly interested in quantitative measures of performance,
and instead are interested either in obtaining insights that lead to new design directions, or less formal
ways of assessing which aspects of a particular design resonate best with users. These researchers do not
have, nor do they seek testable hypotheses. Even so, they need more rigorous ways to structure research
studies, beyond simply observing users and asking them if they like it.

Tukey [27, 28] argues that researchers need both exploratory and confirmatory analyses when analyzing
experimental data. He highlights the fact that ”ideas come from previous exploration more often than
from lightning strokes” and that ”finding the question is often more important than finding the answer”.
He views exploratory data analysis as “an attitude, a flexibility, and a reliance on display, NOT a bundle
of techniques”, and which he contrasts with confirmatory data analysis, which, although easier to teach
and computerize, requires the most careful planning.

Table 2 compares and contrasts Structured Observation to ten empirical methods with well-defined char-
acteristics commonly used by HCI researchers, including some borrowed from psychology and the social
sciences, and some created specifically by HCI researchers. We do not include general methodological
approaches, such as participatory design [29], action research [30] and activity theory [31], since they
encompass a broad range of specific methods and are less amenable to the precise characterization given
in the table. Because many empirical HCI studies can be viewed as ”user studies”, we omitted them as
too general and poorly defined. Similarly we omitted “field studies” as being an overly general term for
user studies conducted in the field.
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Naturalistic observation[32] is used extensively in anthropology and other social sciences to collect field
data, without intervention or other manipulation by the researcher. The primary goal is to understand
naturally occurring human behavior, primarily by analyzing qualitative data, with no explicit comparisons
or reflections by participants. HCI researchers often use naturalistic observation to discover user needs
and prepare for more highly structured design methods.

Conteztual Inquiry [33] is an anthropology-inspired HCI method where researchers interview people in a
field setting, usually a corporation, to identify their needs with respect to a new or existing technology.
The primary goal is to better understand user needs in context, with intervention in the form of interview
questions. Although comparison is not required, study participants are sometimes asked to reflect on
their experiences with respect to other systems.

Ezxperience sampling[34] and Diary studies [35] are borrowed from the social sciences. They ask partic-
ipants to record specific experiences over a period of time in order capture qualitative, contextualized
user experiences, although quantitative data may also be logged automatically. These studies involve
interventions in the form of semi-structured questions and optionally a prototype, but do not involve
comparisons, although they do ask participants to reflect upon their experiences.

Speed Dating [36] is a design-oriented interventionist method created to assess design concepts and reflect
on their merits by exposing users to multiple lo-fidelity sketches, storyboards or mock-ups of diverse
design concepts. This method asks participants to quickly assess a relatively large number of early-stage
designs, rather than the two to three that are common in Structured Observation with somewhat more
advanced designs. Explicitly comparing the design concepts to each other is not required. Exposure to
the design variants is not controlled according to the principles of experimental design, nor are tasks
required.

Cultural probes [37] are a design-inspired HCI method intended to inspire ideas by creating artifacts and
assigning evocative tasks that participants perform in specified settings. They do not seek to understand
users in the traditional, social science sense, but instead seek to inspire ideas and stimulate the designer’s
imagination. The data is qualitative, with no comparisons, although participants may sometimes be
asked to reflect upon their experiences.

Technology probes [38] ask users to try a new technology for a specified period of time in a field setting.
This is an explicitly multi-method HCI approach that addresses three different types of research goals:
obtaining qualitative and quantitative data about users’ experiences; assessing technical constraints rel-
ative to the specific use setting; and inspiring ideas that advance the design concept. Technology probes
involve intervention, both in the installation of the technology and in the form of post-hoc interviews. Par-
ticipants are not asked to make comparisons but are asked to reflect upon their lived experiences.

Usability studies [23] are an HCI method inspired by Human Factors or Ergonomics research, with the
goal of testing late-stage prototypes or products to determine if and how well users can access features
to achieve their goals. The focus can be on either qualitative data about how the interactive technology
was experienced or on quantitative performance data. Researchers intervene by asking users to perform
pre-defined tasks with the prototypes/products. Although comparison is not required, participants may
be asked to reflect on their preferences with respect to the system.

Quasi-experiments [18, 21], or more generally, field experiments, are drawn from psychology and other
natural sciences, and seek to determine causal relationships. Although based on controlled experiments,
they are designed to address potential threats to validity that arise when experimental conditions cannot
be fully controlled in the field. Quasi-experiments focus on quantitative data generated by participants’
performance on pre-defined tasks, although qualitative data may also be collected. Comparison is required
although participant reflection is not.

Controlled experiments [39, 18] are drawn from psychology and other natural sciences, with the ex-
plicit goal of determining causal relationships across factors. Researchers intervene by defining initial
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hypotheses that can be operationalized into participant exposure to conditions and well-defined tasks,
with quantifiable measures of performance. Experiments focus on quantitative data and comparison is
required although participant reflection is not.

The above research methods each address different research needs. Comparative Structured Observation
provides a useful complement to these methods, and borrows characteristics from both qualitative and
quantitative approaches. It combines the rigorous design of an interventionist study based on well-
established experimental design principles with the careful analysis of participants’ comparative reflections
using well-known qualitative analysis methods. The goal is to organize the presentation of conditions
so as to maximize the participant’s ability to systematically compare and reflect upon relevant design
characteristics and thus advance the design concept.
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7 Characteristics of Comparative Structured Observation

Many HCI researchers face the problem of how to effectively characterize “mid-phase” research that
occurs after initial work with users has led to a potentially interesting concept or design direction, but
before it makes sense to ask precise, quantitatively testable research questions. Indeed, such questions
may never make sense, especially when comparing and assessing complex, multi-faceted design concepts.
In such cases, researchers are more interested in obtaining deep, grounded reflections from target users
either about their experience with the new design compared to an existing system or among design
variants within the new system design. As we have demonstrated, the published HCI literature already
includes multiple examples of well-designed, qualitative comparative studies. However, we believe the
lack of a clearly named qualitative comparison method with agreed-upon evaluation criteria has limited
the number of such studies and encouraged authors to focus on quantitative results to the detriment of
qualitative insights.

We characterize Comparative Structured Observation as follows:

Researchers explicitly define at least two comparable design variants that all participants
experience as they perform the same or equivalent tasks. In experimental design terms, this means that
the study must always include at least one within-participant factor. Design variants may include:

1. two or more variants of a novel design concept, e.g. designs for synchronous online lectures that
add different types of simulated attendee proximity cues.

2. a new design and a baseline, where the baseline can be a different system, e.g. a novel vs. an
established document editor, or the absence of the new system, e.g. a browser as the baseline vs.
the browser with a novel plugin.

3. two or more variants of a novel design concept and a baseline, which simply combines (1) and (2)
into a single study.

Design variants are usually expressed as medium-fidelity prototypes, although low-fi and hi-fi
prototypes are possible. Designs must be sufficiently mature to capture how users will experience different
aspects of the design concept through performing relevant tasks.

Researchers derive participant tasks based on formative research, either conducted directly by
the researcher or derived from the research literature. Tasks are chosen to maximize ecological validity and
generate qualitative data relevant to the design concept. When imposing tasks is difficult or irrelevant,
the basis of comparison may be derived from an activity’s inherent structure, e.g., naturally occurring
notifications that interrupt the user from a primary task.

Lab and field settings are both appropriate. Field studies offer greater ecological validity, but are
not always possible, e.g., when a design implementation is not sufficiently robust for field use. Lab studies
may allow participants to experience relevant events more quickly than under field conditions or confront
them with rare but important events.

Participant exposure to tasks and design variants meets best practices of experimental or
quasi-experimental design to mitigate known threats to validity.

Participants compare and reflect upon their experiences with each design variant. The study
protocol includes capturing qualitative data where participants explicitly compare and reflect deeply on
their experiences with the design variants.

Researchers compare and reflect on participants’ experiences based on direct observation
or other sources of rich data. Ideally, observation is live and in person, but may be conducted remotely,
e.g., via video link, or involve recorded video or other rich log data.

Researchers conduct post-hoc interviews, either semi-structured or open-ended, after participants
have experienced the design variants. These interviews probe for additional information about partici-

© 2021 ALMA | H2020-EIC-FETPROACT-2019 | 952091



D4.6 - Interaction Paradigm Methodology - Final @ALMA

pants’ experiences or what researchers observed during the study, with the emphasis on comparing the
different design variants.

Researchers emphasize gathering qualitative data to obtain rich, contextualized insights about
design variants. This advances the goal of driving design innovation based on the grounded reflections
reported by participants and the researcher’s interpretations of their behavior and reflections.

Researchers may also capture quantitative data to help interpret qualitative data, but this is
considered secondary. For example, the researcher may collect self-reported measures of satisfaction or
measure time to complete a task and compare it to the user’s perception of their own performance.

Researchers analyze qualitative data using recognized methods, such as reflexive thematic anal-
ysis [40] or grounded theory [41]. Thematic analyses will normally include both inductive and deductive
analysis, since the structure of the participants’ tasks or experiences will provide themes for some of the
“top-down” analysis, and “bottom-up” insights are always welcome.
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8 Comparative Structured Observation Criteria

Determining whether or not a particular study design should be considered a Comparative Structured
Observation requires assessing it according to a specific set of criteria. Table 3 presents two checklists:
the first is designed to help researchers determine whether or not a particular study design should be
considered a Comparative Structured Observation study. The second suggests features for designing and
conducting a “good” one.

Required CSO characteristics Optional CSO characteristics Incorrect CSO characteristics

Researchers explicitly define comparable
design variants.

Compares design to status quo only, outside

Lab and field settings are both appropriate. the context of the study.

Researchers derive participant tasks based on
formative research.

Runs an open-ended field test with no

Participants use a talk aloud protocol. .
comparisons.

Participant exposure to tasks and design
variants meets experimental design best Quantitative data informs qualitative data. Omits comparable tasks or experiences.
practices.

Participants experience at least two design
variants within the study.

Omits participant reflection on comparable

Researchers generate testable hypotheses. R
experiences.

Participants compare and reflect upon their Omits researcher observation and reflection
experiences with each design variant. on participants' experiences.

Researchers observe participants’ experiences

) ) Focuses only on performance metrics.
directly or through other rich data sources. yonp

Researchers emphasize gathering qualitative
data.

Researchers conduct post-hoc interviews.

Table 3: Left: Comparative Structured Observation checklist. Right: Suggested features of a “good”
Comparative Structured Observation study.

Our goal is to improve the quality of future qualitative studies by encouraging both HCI researchers and
reviewers to employ these criteria in a consistent way. Note that each criterion for what constitutes a
good use of the method could be expanded into a full set of its own criteria. For example, best practice
for reporting qualitative results includes a brief summary of the most “obvious” points, followed by a
more detailed analysis of the most important or surprising findings; and best practice for creating an
experimental design includes generating “equivalent” tasks and structuring their presentation to avoid
unwanted nuisance effects, such as learning or fatigue. Unpacking each criterion is beyond the scope of
the current article. We expect researchers who use Comparative Structured Observation to have sufficient
prior training in both qualitative methods, e.g., [42, 40, 43, 44],

© 2021 ALMA | H2020-EIC-FETPROACT-2019 | 952091



D4.6 - Interaction Paradigm Methodology - Final @%ALMA

9 Applying Comparative Structured Observation

We have applied the Comparative Structured Observation approach to the design of several interactive
AT applications. This deliverable describes how we used the approach to develop two systems that
explore how to share agency between a user and an intelligent system. STORYLINES [45] concerns a
safety critical system, specifically targeting control room operators at the French national power grid.
Design Prompt[46]. targets creative professionals, specifically independent designers. Unfortunately,
AML was not available in time for the development of these systems, so we used a more traditional
machine learning methods to develop each system. However, each system demonstrates the benefits of
using a participatory design approach, combined with Comparative Structured Observation, to design
next-generation interactive intelligent systems.

9.1 StoryLines Project

Designing interactive technology to support safety-critical systems poses multiple challenges with respect
to security, access to operators and the proprietary nature of the data. We were interested in how to
take advantage of the increasing capabilities of artificial intelligence to assist control room operators
of safety-critical systems and enhance the operator’s skills over time. Here, the goal was to combine
the capabilities of the human operator and the intelligent assistant such that together, they are more
productive than either alone.

We conducted a two-year participatory design project with French power grid operators to both under-
stand their specific needs and to collaborate on the design of a novel collaborative tool called STORYLINES.
Our primary objective was to capture detailed, in-context data about operators’ work practices as part
of a larger project designed to provide bi-directional assistance between an intelligent agent and human
operator. We targeted handovers between shifts to take advantage of the operators’ existing practice of
articulating the current status of the grid and expected future events. We use information that would oth-
erwise be lost to gather valuable information about the operator’s decision rationale and decision-making
patterns. We combined a bottom-up participatory design approach with a top-down generative theory
approach [11] to design STORYLINES, an interactive timeline that helps operators collect information
from diverse tools, record reminders and share relevant information with the next shift’s operator.

9.2 StoryLines Study

We wanted to combine our theoretical work on generative theory with a participatory design approach.
As we explained earlier, the traditional “user-centered” approach to designing interactive systems can be
oversimplified as first conducting a user study to determine users’ needs, then exploring a new design and
finally testing it with target users. By contrast, participatory design actively involves users throughout the
design process. While this has proven to be highly successful in a few safety-critical settings, such as that
described by Mackay [47, 48] with air traffic controllers, it is relatively rare due to security restrictions,
limited physical access to users and their work environments, and the confidential or proprietary nature
of the technologies and associated data.

We also cannot risk losing participants’ interest by forcing them to adopt our theoretical stance. Instead,
we need to let them express their experiences and needs in their own terms while contributing concrete
examples of design ideas inspired by our theories which they can interpret and evaluate as they like.

We followed the participatory design approach outlined in [49, 6, 7], beginning with story interviews
that capture detailed examples of recent, memorable incidents, especially breakdowns, workarounds and
user innovations. We transformed these into scenarios in which personas who represent actual controllers
encounter a series of events that highlight the issues that must be resolved. We brainstormed ideas, first
verbally then as short video clips that illustrate the interaction [50] and then collaborated on creating
various types of prototypes [51], ranging from paper to Figma to working software. We ran different types
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of qualitative evaluations to advance the design, including generative walkthroughs [52]. and iterated with
additional interviews, brainstorming, design sessions and evaluations. Participants found this approach
highly engaging, since all the activities were designed to emphasize their perspective, with concrete
activities that let them express their needs and ideas, as well as react to our ideas, in an enjoyable,
non-threatening format.

9.2.1 Participants:

We recruited a total of four active participants who contributed to multiple activities over several months
and three additional operators who contributed to specific events. One very senior operator participated
throughout the entire design process. The junior operator who participated in the first series of activities
left RTE after the first year. He was replaced by a junior and a senior operator who were actively involved
in later activities. Three other operators participated in individual workshops and others contributed
information or joined discussions at various points in the process.

9.2.2 Control room organization:

Four researchers visited the RTE control center which began with a “virtual” guided tour from the senior
operator. The main control room is designed to support four operators: three who supervise a particular
zone (east, west and south) and a senior manager who oversees the others. During busy times, a fifth
operator may also be included. Operators are trained on all three zones and spend approximately seven
weeks in one zone before shifting to another. The manager supervises all three zones.

The three operator desks were positioned to face a wall-sized display on the back wall with a huge map
that displayed the entire energy grid. The manager’s desk is positioned behind them, with a view of
all three desks. Each operator has a large U-shaped desk with an interior approximately three meters
wide. We counted about a dozen “stations” for different tools and information sources, including multiple
screens, a printer, two telephone stations and areas for other devices. One set of three screens is operated
with a single mouse and keyboard, whereas other tools have dedicated keyboards or control panels. Some
tools provide overviews and details about the current status of the energy grid, some sound and monitor
alarms while others help operators research re-routing solutions to current failures, expected maintenance
or other projected problems. The size of the desk area requires them to use rolling chairs to transition
from one station to another.

Software tools. Energy grid operators are trained on over 50 different software tools that gather in-
formation, sound alarms and suggest solutions. These tools have been introduced over several decades
with correspondingly different, often incompatible user interfaces. Operators must collect information
scattered across their work area and they struggle to form a coherent overview of the power grid. Most
information is presented as raw data that rarely matches the operators’ mental models. Worse, some infor-
mation is cumbersome or difficult to retrieve in real-time and junior operators reported that instructions
and guidelines were often difficult to understand.

Paper-based tools. Operators also use multiple paper-based tools. An A0-sized paper map of the
energy grid, reprinted monthly, is used to note current breakdowns which they must remember to erase
when the problem is solved. Although this paper map provides a concise overview of the grid, it is usually
out of date since it is not linked to any online software tools. Other paper-based supports include a large
ring binder, exchanged monthly, with hand-annotated printouts of specific “incidents”, an A3-sized log
sheet for recording completed maneuvers and “floating sheets” for informally recording notes, reminders
and information for the shift handover.

We were particularly interested in the fact that all operators took paper notes that they used to keep track
of ongoing activities and manually transfer information from one system to another (which they view as
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a waste of time). They also create reminders for future actions and list key items to communicate to the
next shift’s operator during the handover. We were also struck by the level of oral communication between
operators, not only during shift handovers but also across zones and with the manager. Operators were
often interrupted by phone calls from clients and other stakeholders. From the perspective of the CAB
project, this is extremely valuable information that is lost and unavailable to the system.

9.2.3 Participatory design workshops:

After the preliminary study, we conducted a series of participatory design workshops over a period of one
year. Figure 1 shows this sequence of activities with operators, both in person and online, as well as the
evolution of the STORYLINES prototype from paper mock-ups to working software.

Workshop 2. The success of workshop 1 led to an invitation to visit the RTE control center in Nantes.
Workshop 2 was an all-day event with seven participants (three controllers and four researchers). Six
were physically present and one controller joined via video from the control room. The controllers gave us
a virtual tour of the control room (described above) after which we brainstormed ideas for how to address
the breakdowns specified in the scenarios from workshop 1. Next, we paired controllers with researchers
to draw a short “interaction snippet” or storyboard to illustrate each idea. Finally, each pair created
paper mock-ups and shot short video clips where the controllers demonstrated how they would interact
with each idea. The operators especially liked the video brainstorming activity because it gave them a
concrete way to communicate both the problem and the solution. The workshop resulted in 10 interaction
snippets and five video prototypes, all of which highlighted the need for centralizing information.

Workshop 3. The third workshop was also conducted in person, in Nantes and focused on situating
the breakdowns identified earlier in a realistic context. We began with a visit to the observation deck
above the actual control room, which allowed us to observe the operators in action. Next, we ran a
design session that involved creating realistic personas based on the operators involved in the project and
a “current scenario” to illustrate the breakdowns in a realistic context. The operators drew from their
experiences to adjust the scenarios, especially with respect to the ways in which small errors, particularly
in communication, can cause problems or complicate the situation.

The workshop resulted in scenarios related to two personas: Charles and Julie. Charles is a senior operator
with 12 years of experience and Julie is a junior operator who just finished training. The scenario includes
three main situations: a busy morning for Charles who just returned from vacation; a rushed and poorly
prepared handover to Julie and an afternoon filled with complex problems for Julie.

Workshop 4. The fourth workshop was conducted in our labs with five researchers and two operators.
We developed a “future scenario” based on the scenario created in workshop 3 that explored potential
solutions. We supplied prototyping materials and simulated their environment with paperboard “screens”.
We then created paper mock-ups of the different tools and created video prototypes of various solutions
proposed by the operators and researchers. The results included four specific solutions designed to
improve communication with the planning team, visualize cognitive load and visualize failures as they
evolve over time.

Workshop 5. The fifth workshop was conducted at the RTE control center with three researchers
and one operator physically present as well as one remote senior operator. The goal of the workshop
was to use a generative walk-through [52] to evaluate the scenarios and ideas from workshop 4. We
played the video prototypes and discussed how to improve the proposed solutions, including incorporating
new information as a situation evolves, automatic update of other information and tasks, tracking and
comparing solutions and taking into account the “last time to decide” (LLTD). This workshop highlighted
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Figure 1: Participatory design activities alternated between design sessions with operators (left column)
and prototypes created by operators and researchers (right column) over a period of approximately two
years.
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how much critical information is lost, either because it was transmitted orally or it was never captured
in the first place.

Workshop 6. The sixth workshop was also conducted at the RTE control center with four researchers
and five operators. Our goal was to present the operators with a working prototype of STORYLINES
and obtain their feedback, suggestions and ideas. We worked with pairs of operators who followed two
scenarios, one extremely busy with multiple overlapping events and the other relatively calm. They
performed tasks, interacted with STORYLINESSs, took notes and prepared for the handover to the other
operator, after which they continued with the second scenario. Half of the operators first performed the
“busy” scenario, followed by the “calm” one. The other half performed the ”calm” scenario first. We
conducted two sessions with two operators each and then ran a debriefing session with the operators who
participated plus another senior controller.

The participatory design approach enabled us to actively involve operators in the design process, who
have been highly engaged and enthusiastic about the project (in contrast to a parllel project that was
conducted in a more traditional, top-down manner). We will be continuing this approach to further
the refine the prototype, with the longer-term goal of further developing the system into an open-source
project both for these users and others facing similar challenges.

9.3 DesignPrompt Project

A second project targets visually oriented designers, who often struggle to create effective generative Al
(GenAl) prompts. A preliminary study identified specific issues in composing and fine-tuning prompts,
as well as needs in accurately translating intentions into rich input. We developed DESIGNPROMPT, a
moodboard tool that lets designers combine multiple modalities — images, color, text — into a single
GenAl prompt and tweak the results. We ran a comparative structured observation study with 12 pro-
fessional designers to better understand their intent expression, expectation alignment and transparency
perception using DESIGNPROMPT and text input GenAI. We found that multimodal prompt input en-
couraged designers to explore and express themselves more effectively. Designer’s interaction preferences
change according to their overall sense of control over the GenAl and whether they are seeking inspiration
or a specific image. Designers developed innovative uses of DESIGNPROMPT, including developing elabo-
rate multimodal prompts and creating a multimodal prompt pattern to maximize novelty while ensuring
consistency.

We conducted a comparative structured observation study that systematically controlled the presentation
of the user’s prompt strategy. Participants performed multiple tasks with each design variant and then
respond to questions that require them to reflect deeply upon and compare their strengths and weaknesses.
An experimenter also directly observes how participants interact with each design variant. The goal is
to understand the trade-offs across design variants from the user’s perspective to evaluate and advance
the design.

To provide a fair comparison, we created two variations of DESIGNPROMPT, a moodboard creation
system that differed only in the GenAl prompt interaction: The Text condition permits only text-based
prompts and basic inpainting, similar to DALL-E’s Al image generation interface, and serves as the
baseline. The Multimodal condition permits multimodal prompts, including the above as well as images
and color, and serves as the key design variant. At this writing, current moodbood tools do not integrate
GenAl prompts and inpainting with an integrated search engine, and thus our baseline exceeds current
capabilities. However, although this raises the bar for the baseline comparison, we also anticipate that
these capabilities will arrive soon and so consider this a fairer comparison.
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9.4 Participants

We recruited 12 participants (9 women, 3 men; aged 22-54) who have at least two years of design training
or practice; and 2-20 years of moodboard design experience. Their experience with GenAl varied from
novice to expert. We followed our institution’s IRB policy both in our explanations of the study to
participants and study design. All participants signed informed consent forms and agreed to voice and
screen recordings. We anonymized the results and followed European privacy law (GDPR).

9.5 Results

The short questionnaires at the end of each design task showed that both the The Text condition and The
Multimodal condition prompt strategies improvede system expressivity, users’ understanding of prompt
and images’ connection, and output understanding, and are less good at producing images that “align
with expectations”. This indicates that both the The Text condition and The Multimodal condition
prompt strategies are suitable for moodboard design.

The results of the comparative questionnaire (Fig.2) showed that participants preferred the The Mul-
timodal condition prompt strategy for exploration, expressivity, interaction worth the effort and user
understanding on how prompts impact Al. However, they preferred the The Text condition prompt
strategy for ease of steering and generating images that makes sense. Participants preferred the The
Multimodal condition strategy (41%) to The Text condition (25%) to support ideation, but were mixed
with respect to “feeling in control”, with roughly equal numbers of participants preferring each.

This system supports...

...exploring ideas, options and designs. Strongly Prefer Baseline System

No Preference/ Prefer Both
Slightly Prefer DesignPrompt

|

I Slightly Prefer Baseline System
...expressing creatively for new design.|{ mm=
|

...understanding how prompts impact Al. Strongly Prefer DesignPrompt
...interaction worth the effort.
...ideation process.

...feeling in control of the prompts.

...generating images that makes sense.

...steering easily to create a useful image.

Figure 2: Comparative Questionnaire Results between the Text condition (blue) and The Multimodal
condition (green).

Multimodal input enabled designers to explore and express their ideas, without feeling as though the
system was in control. Most designers mentioned they enjoyed the multimodal input feature (8/12),
especially in terms of expressing themselves more creatively (9/12) exploring different ideas (10/12)
and providing them more options and opportunities (4/12 Participants enjoyed the creative options and
opportunities multimodal condition provided (P2, P4, P7, P10). P1 also mentioned in the multimodal
condition “was much better in terms of workflow” and “(make moodboarding) more enjoyable to do”.
The paper on DesignPrompt [46] provides a detailed summary of additional qualitative findings.
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10 Discussion

As demonstrated in section 9, participatory design offers an effective approach for exploring innovative
forms of interaction with intelligent systems. This approach lets us focus on the details of the interaction
between the user and the Al: rather than treating the user a component in an intelligent system, we need
to switch the focus to the overall human system, with intelligent agents acting as an important, but not
primary component.

Note that this flies in the face of the traditional “human-in-the-loop” approach, which treats the user as
a source of input to the algorithm, like any other. In our experience, Al researchers treat users as simply
sources of data for their algorithms. They rarely consider what the experience of providing data to the
computer is like: Is it a boring or interesting activity? Is it perceived as useful or a waste of time? Does
it matter if the user makes a mistake, and if so, how can they correct it? Is it clear how the data will be
used and if that user will obtain any benefit, either directly or later?

These questions all arise when we consider the user not as another cog in the machine, but rather as a
sentient being with different skills, values and assumptions from the computer.

Another common assumption from the Al researcher is that the user is a source of unwanted error.
The most common reaction to this is to further limit the scope of the user’s activity, which make limit
potential error, but also makes the act of inputing data significantly more boring and repetitive, which
may itself increase the likelihood of error.

Users are rarely treated as equal partners, with equal or greater autonomy than the Al system. Of course,
providing users with greater agency and flexibility is difficult. Users are unpredictable and systems are
easier to build if the input source is predictable.

However, if we switch the perspective from treating the user as the “human-in-the-loop”, to a more
open-ended approach where the AT algorithm is simply the “computer-in-the-loop” that is controlled by
the user, we can start to design intelligent systems that make sense in human terms, for human users. If
we value the fact that users do in fact think and can respond to novel situations with novel solutions, the
overall combination of the human user and the AI system will benefit.
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11 Conclusion

This report corresponds to Deliverable D4.6 - Interaction Paradigm Methodology - Final of the ALMA
project. The goal of this deliverable is to extend current participatory design and generative design
methodologies to incorporate the role of an intelligent system in the interaction loop, where agency
shared between the human user and the AML system.

We first describe the challenges associated with the wide-spread introduction of machine learning and
other intelligent systems into interactive systems. Deliverable 4.5 goes into depth about the problems
associated with incorporating Al in ways that deskill or replace the user. We argue that a key role for
HCI is to demonstrate how to change the design process so that the users’ needs and values are respected,
and that the resulting systems actively benefit users rather than treat them as simply sources of data, or
sources of error.

The next section describes how HCI has changed as a field to accommodate different waves of technology
and the associated increased penetration of computers into all aspects of our work and personal lives. It
describes the key characteristics of participatory design, with an emphasis on the values it places and
the different strategies it uses for including users in the design process. We then describe how our new
theoretical approach on generative theories of interaction allows us to benefit from theories developed in
other disciplines and transform them into practical design principles that can be applied to non-Al and Al-
based systems alike. Next, we present Comparative Structured Observation, a mixed-method qualitative
approach that provides designers with a rigorous method for gathering grounded, comparative reflections
on design alternatives from users. We briefly discuss the benefits of this approach and conclude with
directions for future research.
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