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1 INTRODUCTION

The field of human-computer interaction (HCI) has a long tradition of creating and using de-
sign principles or heuristics intended to improve usability and user experience (UX). Some design
principles are intended to be universally applicable (e.g., [54, 80, 81, 103, 104, 106]). Others are de-
limited to specific contexts such as games (e.g., [32, 63, 92, 93]) or mobile interfaces (e.g., [18, 69, 98]).
Yet another type of principle is targeted towards interaction with specific user groups such as older
adults (e.g., [89]) or vision-impaired users (e.g., [67]), to name a few. More recently, guidance has
been proposed for artificial intelligence (AI) design, mostly in white papers by large technology
companies such as Google [37], IBM [49], and SAP [99] for all Al systems; and Microsoft [70],
Amazon [4], and Facebook [34] for conversational AL In research scholarship, comprehensive Al
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design guidance is not as abundant. In 2019, Amershi et al. [5] synthesized more than 20 years of
scholarly and industry research in interaction with Al and mixed-initiative systems into a set of
18 guidelines for human-AlI interaction (HAI guidelines).

While evidence exists about the effects on UX of older sets of principles such as Nielsen’s 10
heuristics [79], this research contributes such evidence about Al design guidance. Focusing on the
HAI guidelines articulated in [5], the goal of this study is to characterize these guidelines’ impacts
on product preference and UX. To clarify, evidence about each of the HAI guidelines’ effectiveness
exists in previous literature. For example, Guideline 11 is about explanations, and an extensive
body of work documents how and when explanations are effective [1, 39, 74]. The question at
hand is not whether the guidelines are effective; it is to understand how each guideline impacts
product preference, user perceptions, and UX:

RQ1 What are participants’ perceptions and reasons for preferring a product that applies or a
product that violates each HAI guideline?

RQ2 What is the effect of applying vs. violating each of the guidelines on multiple UX metrics,
under conditions of optimal and sub-optimal AI performance?

The first research question aims at identifying how users compare products that apply or vio-
late a guideline but are otherwise identical. It is designed to capture user perceptions about both
products and reasons for preferring one of them. With the second research question, we capture
specific impacts a guideline might have on UX metrics such as feelings, trust, and perceived prod-
uct quality. We also examine whether this impact has an interaction effect with Al performance.
For example, would applying the guidelines mitigate some of the negative perceptions of a prod-
uct that does not perform optimally? To address the research questions, we conducted 18 separate
studies, one for each of the 18 guidelines by Amershi et al. [5]. We used factorial surveys with a
2 x 2 mixed design that manipulated guideline compliance (with two levels, application, and viola-
tion), and Al performance (also with two levels, optimal and sub-optimal). We represented these
variations in vignettes, using fictional products, to avoid choices influenced by brand preference.

A total of 1,300 participants from a crowdsourcing platform participated in the 18 factorial sur-
veys. Two surveys failed because we did not manipulate the independent variable in noticeable
ways. The 16 factorial surveys that passed the manipulation checks revealed nuanced user per-
ceptions related to guideline compliance and showed demonstrable impacts on UX. We report the
qualitative results of open-ended questions and the quantitative results about each guideline’s im-
pact on each UX metric. Since interaction effects between the two factorial variables (guideline
compliance and Al performance) were not detected in most studies, we only include results about
the interaction effects when they are statistically significant. Thematic analysis of the qualitative
results revealed participants’ reasons for their choice of preferred products, leading to a number
of nuanced insights and design implications about the guidelines’ application. Some recurring rea-
sons for preferring guideline application include having more control, product reliability, feeling
of productivity, to name a few. Occasionally, participants chose the product that violated the guide-
line. The most common rationales were concerns about privacy and trust, or sometimes personal
preferences. In addition to the qualitative results, the effect size analysis provides more granular
insights into the guidelines’ impact on different UX metrics. We present the results of each guide-
line in a chart that shows both the effect sizes and the statistical significance of the impact on all
dependent variables.

This work contributes specific findings for 16 of the 18 guidelines in the context of productivity
applications. The results can support creators of user-facing Al systems in their nuanced prioriti-
zation and application of the guidelines. Furthermore, the study illustrates and reflects on the use
of factorial surveys for conducting research about user perceptions of Al systems.
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2 RELATED WORK
2.1 Al Guidance

As more and more popular consumer products and services become infused with Al, various or-
ganizations have advanced guidance relative to Al systems. Some of this guidance pertains to the
ethical, or responsible, use of Al (see [53] for a review of this landscape). Other guidance applies to
interaction with AL Most of it encompasses broader practices in designing for Al, such as under-
standing how and whether Al systems serve user needs [37], understanding the fundamentals of
Al and machine learning [49], or giving specific guidance for how to develop specific types of Al
systems such as conversational Al [4, 34, 70]. Research scholarship has examined interaction with
Al systems and even proposed a set of principles for interaction with mixed-initiative systems as
early as 1999 [43]. However, a lot of guidance on human-AlI interaction was scattered across the
literature, and unusable by product teams building user-facing Al In 2019, Amershi et al. synthe-
sized this literature into a set of 18 validated guidelines for human-Al interaction [5]. Previous
research also supports these guidelines’ validity. For example, some of the guidelines, such as the
one about providing explanations, draw upon entire bodies of work (see [1, 39, 74] for overviews
of explainable AI). Other work has looked at what aspects of Al influence user perceptions such as
trust [36, 120]. Therefore, the goal of this article is not to further validate the guidelines’ effective-
ness, but to contribute nuanced insights about how they impact user preference, user perceptions,
and UX metrics.

In the remainder of this section, we review the HAI guidelines and methods previously used for
evaluating design principles and Al systems, which led us to factorial surveys as a suitable method
for this research.

2.2 Guidelines for Human-Al Interaction

We provide an overview of the guidelines in [5] with a focus on requirements for evaluating their
impact on UX. The 18 guidelines synthesize more than 20 years of research and reflections about
interacting with Al-powered systems. As part of creating the guidelines, the authors conducted
three rounds of validation to ensure the guidelines apply to Al-infused systems and can be under-
stood by HCI professionals.

The guidelines are roughly grouped into four categories, based on when a user would be exposed
to them during interaction with a system: initially, during the interaction, when wrong, and over
time.

Initially. There are two guidelines in the “initially” group. They are about setting expectations
about what the Al system can do (Guideline 1) and how well the system can do what it can do
(Guideline 2).

During interaction. The guidelines in this group are about taking into consideration the user’s
immediate context (Guidelines 3 and 4) and the larger societal and cultural context (Guidelines
5 and 6). Since Al systems adapt to the user’s context, and the extent to which they do so has
an impact on UX, evaluation of the guidelines has to take context into consideration either by
analyzing a system used in the wild or by simulating the context.

When wrong. Guidelines in this group suggest how Al systems should behave when they in-
evitably make mistakes. The group includes guidelines that help mitigate common errors such
as false positives and false negatives and are intended to alleviate the cost of these errors on the
user. They recommend supporting efficient invocation (Guideline 7) and dismissal (Guideline 8),
efficient correction of system outputs (Guideline 9), scoping services when the Al system has low
confidence (Guideline 10), and providing explanations (Guideline 11). Thus, evaluation of the guide-
lines has to capture situations when the Al system is wrong. Doing so under regular use conditions
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in the wild are difficult because it is hard to predict when errors might occur or how to cause them.
Simulating errors is more feasible for a systematic evaluation of the guidelines.

Over time. The fourth category is specific to Al systems that learn and adapt over time. The
guidelines suggest not only remembering recent interactions (Guideline 12) and learning from user
behavior (Guideline 13) but also updating and adapting cautiously (Guideline 14) in order to avoid
disruptive changes. Lastly, guidelines in this group encourage requesting feedback (Guideline 15),
conveying the consequences of user actions (Guideline 16), providing global controls for users to
customize the Al system’s behavior (Guideline 17), and notifying users when the system changes
its behavior (Guideline 18), for example as a result of a model update. Therefore, evaluation of the
guidelines needs to include the effects of longitudinal interaction, either through longitudinal case
studies of interaction with a system or through simulation.

This work builds on the contributions of [5] which outlined bestpractices for human-AI inter-
action based on a synthesis of previous work and showed evidence of their understandability and
applicability as determined by expert UX practitioners evaluating a wide range of Al-infused sys-
tems. The goal of this work is to understand, by various UX metrics, how much end-user preferences
and perceptions are impacted by applying or violating each guideline. In order to assess end-user
perceptions of the guidelines without implementing each in an Al product scenario or running
costly controlled experiments with existing Al products, we developed a new research protocol
involving factorial surveys and administered it to non-expert participants from a crowdsourcing
platform. In the next section, we contrast our protocol with methods used in previous studies
to evaluate design principles and heuristics and discuss their appropriateness for evaluating HAI
guidelines.

2.3 Methods for Evaluating Design Principles

Previous research has evaluated design principles and heuristics in two main ways. One method
involves validation of newly proposed heuristics by comparing them with existing sets of design
principles. Another method involves evaluation of their UX impact through redesign and compar-
ative usability testing.

One of the main values of design heuristics such as [78] is their ability to identify usability
problems in the user interface through inspection methods like heuristic evaluation [80]. When
creating heuristics, a common method for validating them is to assess how good they are at identi-
fying usability problems, often as compared to Nielsen’s 10 heuristics [78]. This validation method
was used, for example, by [51] to validate new heuristics for mobile interfaces, by [92] for video
games, [93] for networked multiplayer games, and [75] for virtual worlds.

A somewhat similar validation method was used by [5], who asked HCI experts to identify
applications and violations of each proposed guideline in popular Al-infused systems. To motivate
system creators to implement design guidance, it is important not only to validate new guidelines
but also to understand the impact of applying them on UX. Therefore, we next discuss methods
for evaluating design principles’ impact on usability and UX.

A common method for evaluating design principles’ impact on usability and UX is to redesign
an interface based on the design principles under evaluation, then conduct comparative usability
testing of the original and redesigned interfaces. For example, [25] and [97] looked at multiple prin-
ciples derived from human factors research and evaluated if applying those principles improved
system usability in healthcare settings. In addition, [58] evaluated a set of principles for augmented
reality applications on smartphones by using redesign coupled with comparative usability testing.
Similar procedures were used by [113] to assess whether GenderMag, an inclusive design usability
inspection method, is able to identify usability issues that, when fixed, improve cognitive inclusive-
ness. Several other studies such as [83] or [2] discuss case studies of interface redesigns based on
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Nielsen’s 10 heuristics. Such case studies add to the body of evidence that applying those heuristics
improves UX.

While evaluating design principles through redesign is a commonly used method, it is expen-
sive and faces severe feasibility challenges for Al systems. Redesigning systems is complex and
costly, as evidenced by several of the studies above. Those studies compared an existing system
with a redesigned mockup or prototype, instead of a functional system (e.g., [25, 58, 83, 97, 113]).
Redesigning is particularly resource-intensive for Al systems, which are not only expensive to re-
design but also cannot be effectively evaluated with mockups and prototypes using Wizard of Oz
methods [118]. Al systems’ changing nature through learning, adaptation, personalization, and un-
predictable errors makes it difficult to identify and cover a representative number of user scenarios
to test [42]. Moreover, a redesign study is usually used to evaluate an entire set of guidelines, but
has a hard time distinguishing the impact of individual ones. Because of this and the requirements,
we identified when reviewing the guidelines (Section 2.2), we found that factorial surveys are well
suited for evaluating specific implementations of the HAI guidelines.

2.4 Factorial Surveys

Factorial surveys is a research method that combines classical experiments with survey method-
ologies. Factorial surveys use short narratives, called vignettes, to represent various levels of in-
dependent variables that are too complex or unethical to create and manipulate in real-world or
lab situations. Research participants read one or more vignettes and then answer survey ques-
tionnaires that measure dependent variables. By supporting systematic combinations of variables,
vignette studies make factorial design possible, and thus are able to assess causality [9].

Besides making it possible to study situations that do not yet exist, are complex, are unethical to
reproduce, factorial surveys present other research advantages: They are more realistic and rich
than traditional surveys [115] and capable of presenting more realistic scenarios than even some
experimental situations [9]. They have good validity, as evidenced by studies that found attitudes
identified with factorial surveys do predict actual behavior [84, 95].

Factorial surveys have a long history of use in the social sciences [11, 114], where they have
been used to investigate respondents’ beliefs, attitudes, and judgments on a variety of social, eth-
ical, political, psychological, and sensitive issues (e.g., [11]). More recently, factorial surveys have
been used to study computing systems, including Al-powered ones, to assess the acceptability and
adoption intention of future scenarios that are not yet in existence [38, 50, 66, 108].

In HCI and technology studies, factorial surveys have been used to examine, for example, at-
titudes and behavioral responses to phishing (e.g., [33, 88, 90, 101]) and privacy (e.g., [19, 20, 46,
48, 68, 116]). Both topics lend themselves well to factorial surveys because exposing people to real
phishing or privacy threats would be unethical, and experimental studies might not simulate a
sufficiently rich and complex experience. A different use case for factorial surveys in HCI is the
study of IoT smart home technologies that are expensive to create and cannot be represented con-
vincingly with prototypes (e.g., [6, 22, 29, 66, 108]). Factorial surveys have also been used to assess
Al systems [38, 50]. Grgic-Hlaca et al. examined Al-assisted decision-making in the judicial arena.
They argued that studying causality under ecologically valid situations is challenging because it
would require manipulating variables for decision-makers such as judges. They presented legal
cases as vignettes to participants on a crowdsourcing platform to assess the effect of Al system
advice on decision making [38]. Janbocke et al. used factorial surveys to study automation adop-
tion. The vignettes in their study described a specific work context and a possible interaction with
a future Al-based system. They found that vignettes helped respondents envision an Al-powered
system that otherwise was difficult to grasp, and recommended the factorial survey method to
study Al systems at a pre-deployment stage [50].
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In light of the requirements established for studying the HAI guidelines and the affordances
presented by factorial surveys, we decided to adopt this method for creating a research protocol
that enables understanding each HAI guideline’s impact on UX and user perceptions. We explain
this protocol next and then showcase the results obtained by using it.

3 METHODS

In this section, we explain the research protocol we used to conduct 18 independent studies, one
for each of the HAI guidelines in [5]. In future research, this protocol can also be adapted and used
to study different human-Al interaction designs, such as different ways of implementing one HAI
guideline or to investigate interaction effects between multiple guidelines.

3.1 Factorial Variables

Each guideline’s study uses factorial surveys. We manipulated two variables: guideline compliance
and Al performance in vignettes. Guideline compliance enabled us to assess the difference in the UX
impact of applying or violating each guideline. This impact is assessed under two Al performance
conditions: optimal and sub-optimal. We treated Al performance as a potential moderator because
it added realism to the vignettes and enabled us to inquire into interaction effects. For example,
it is possible that applying a guideline might mitigate the negative effects of sub-optimal product
performance. We used compliance with the guideline as a within-subject factor so we could collect
data about how users compare products that apply or violate each guideline. AI performance served
as a between-subject factor. This enabled us to see whether it influences the impact of guideline
compliance on user perceptions and the dependent variables (described in Section 3.3).

3.2 Vignette Development

All vignettes described interactions with products from the productivity category: document edi-
tors, slide editors, search engines, e-mail applications, and spreadsheet applications. We selected
the category of productivity products considering the severity of UX impact for guideline compli-
ance and Al performance. We reasoned that the UX impact might be unnoticeable for low-stakes
products such as music recommenders; high-stakes products such as autonomous vehicles and
healthcare applications, on the other hand, can lead to extreme harm and should be evaluated
by experts, not consumers [5]. Future researchers might choose to test our protocol with other
product categories.

We did not constrain the vignettes to one specific product or feature, as the 18 guidelines are not
meant to be applied as a whole and at the same time to one product and one feature. Our primary
focus here is to assess the UX impact of each individual guideline. Thus, for each guideline, we
aimed at selecting the interaction scenario that emphasizes that one specific guideline as much as
possible, rather than enforcing the same product, feature, and operation complexity. When possi-
ble, the product types and Al features were reused in multiple studies, such as with Guidelines 7,
8,9, and 13; Guidelines 11 and 15; and Guidelines 17 and 18.

Below we describe our procedure for developing the vignettes for each guideline. We went
through two phases of development and each phase had several iterations.

Phase One: Scenario Selection. We went through an iterative brainstorming process. In the diverg-
ing stage, two of the authors brainstormed how each guideline could manifest in productivity apps
and drafted multiple interaction scenarios. About five to eight interaction scenarios were specified
for each HAI guideline. Then we reviewed, rewrote, and when necessary, replaced the scenarios
with new ones to be more appropriate for each guideline.

Phase Two: Vignette Composition. As we developed the vignettes, we followed recommended
best practices to make them simple, clear, and realistic [10]. We illustrated some with images if
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the interaction described in the vignette was not understandable otherwise. We took an iterative
approach to develop and pilot the vignettes as recommended by [47]. To mitigate the influence
of writing styles, we composed the vignettes using a consistent, three-part structure to describe
interaction with an Al-powered feature:

(1) Product and feature introduction. A short statement introducing the fictional product and
one of its Al-powered features that the user was described to interact with. Each fictional product
was positioned as similar to multiple real products in the same category to help align it with
the respondents’ experience. We used and recommend using consistent introduction statements,
following this format: “You are using a [Productivity Category] app called [Product Name] to do
X. It is similar to [example real products A, B, C]. [Product Name] has a feature Y that does ...”

(2) Product behavior description. A statement describing the product’s behavior under the guide-
line application or violation conditions. This statement was used to manipulate the first facto-
rial variable, guideline compliance. The description included a user interaction with the product:
“When you do X, the product displays/does...”

(3) Product performance description. A statement about the product’s performance was used to
manipulate the second factorial variable, Al performance. The statements about Al performance
were identical across all vignettes. For optimal Al performance, the statement was: “After using
it for a few weeks, you notice that [Product Name] sometimes made mistakes, but most of the
time worked well” For sub-optimal Al performance, the statement was: “After using it for a few
weeks, you notice that [Product Name] sometimes made mistakes, and sometimes worked well”

Example Vignettes. To illustrate, the vignettes used to manipulate compliance with G1: MAKE
CLEAR WHAT THE SYSTEM CAN DO, in the optimal Al performance condition, were:

Application Vignette

You are using a presentation app similar to Microsoft PowerPoint, Google Slides, Apple
Keynote to make slides for a presentation. It is called [Product Name]. [Product Name]
has a capability called Presenter Coach that gives you feedback on your presentation
skills as you practice your presentation in front of your computer.

When you turn on Presenter Coach, it displays information like this:

As you practice your presentation, we will give you feedback about your
presentation style: how fast you speak, use of filler words (such as “um” and
“like”), use of inappropriate words (such as “damn”).

After using it for a few weeks, you notice that [Product Name] sometimes made mis-
takes, but most of the time it worked well.

Violation Vignette

You are using a presentation app similar to Microsoft PowerPoint, Google Slides, Apple
Keynote to make slides for a presentation. It is called [Product Name]. [Product Name]
has a capability called Presenter Coach that gives you feedback on your presentation
skills as you practice your presentation in front of your computer.

When you turn on Presenter Coach, it displays information like this:

We will help you improve your presentation style.

After using it for a few weeks, you notice that [Product Name] sometimes made mis-
takes, but most of the time it worked well.
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3.3 Dependent Variables

For each guideline, our research protocol collected qualitative data about participants’ product
preferences and quantitative user perceptions regarding selected UX metrics. The list of dependent
variables are adapted from prior research and streamlined based on the results of several pilot
studies (Section 3.4).

To understand user preference between [Product A] and [Product V], we asked about the re-
spondent’s preference and reasons. “Which product would you prefer to use? Please briefly explain
why.” We did not want to assume that people would always prefer [Product A]. In fact, we learned
a lot from participants who explained why they preferred the violation product after comparing
it with the application one.

We assessed quantitatively UX metrics that fall into three major categories: feelings, trust, and
perceived product quality. All metrics are measured with 7-point Likert scales and the order of the
questions was randomized for each vignette. The protocol can be modified to assess other metrics,
as needed.

Feelings. Following the approach to assess feelings in UX [16], we measured how guideline com-
pliance influenced feeling in control, inadequate (reverse-coded), productive, secure, and uncertain
(reverse-coded).

Trust. Trust plays an important factor in how much people accept and use smart systems [102].
Jiun-Yin et al. identified 12 factors of trust between human and automated systems [52]. Consid-
ering the nature of our vignettes and the feedback from the seven HCI researchers in the pilot
study (Section 3.4), we adopted four trust-related items from [52]): trust, reliability, suspicion, and
expectation of harm. The latter two were reverse-coded. These items are independent; they do not
constitute a trust scale.

Perceived product quality. We also collected metrics related to perceived product quality and user
acceptance: perceived usefulness (PU), perception of product performance, behavioral intention
to use the product, and Net Promoter Score (NPS) [94]. These metrics are known to be related to
the acceptance and use of Al-infused systems. The technology acceptance model (TAM) [30]
suggests that when users are presented with a new technology, factors such as PU and perceived
ease-of-use (PEOU) influence their decision about how and when they will use it. Their general
perception of the technology [40] influences behavioral intent (BI), which is a predictor of be-
havior [3]. We excluded PEOU from our dependent variables because we found in the pilot studies
that it could not be assessed from reading a vignette.

In addition to the survey items assessing the dependent variables, we also included three types
of gate-keeping questions for each vignette’s survey:

Attention check. We asked an attention check question to verify if the respondent read the vi-
gnette carefully before answering the dependent variable survey questions. The attention check
asked about Al performance and also served as a manipulation check [7] for this variable. This
attention check question repeated the product performance description in the vignette word by
word. If a participant selected the disagree options from the Likert scale, this was an indicator of
not paying attention, and therefore not passing the attention check. If a participant did not pass
the attention check, their data was excluded from the analysis.

Vignette comprehension. We asked two questions to check if the participant was able to under-
stand the vignette and whether the consequences of the product’s behavior were indeed perceived
as medium-stakes.

Manipulation check. We asked two manipulation check [7] questions, one closed, and one open-
ended, to verify that the respondent perceived the manipulation of guideline compliance. The
closed-ended manipulation check questions took the form of statements mirroring the text of
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the guidelines themselves. The open-ended manipulation check question asked participants to
describe the difference between [Product A] and [Product V]: “Please briefly describe the differ-
ences between Kelso and lone” (Kelso and Ione are fictional names randomly assigned to [Product
A] and [Product V].) If guideline compliance was successfully manipulated, we expected the par-
ticipants to select the agree options from the Likert scale for [Product A] and the disagree options
for [Product V]. More importantly, their answers to the open-ended question will describe the
differences between [Product A] and [Product V] that are related to the guideline. We discarded
data from two studies that failed to manipulate the independent variable: those for Guidelines 2
and 16.

3.4 Pilot Studies and Results

We conducted two rounds of piloting for vignette development and dependent variable surveys.
In the first round, we got qualitative feedback from seven HCI researchers not familiar with the
project on the vignettes and the survey. We clarified the vignettes through several rounds of editing
with the team, aiming for conciseness, consistency, realism, and clear manipulation of the variables.
Based on the first pilot results, we also shortened the dependent variable survey to eliminate items
that did not apply, and decided to use fictional product names to facilitate the connection between
the product described in the vignettes and the survey questions. We used fictional, gender-neutral
names (Kelso and Ione) to refer to the products in the vignettes in order to avoid the influence
of brand loyalty, to make the vignettes realistic, and to make it easy to recall the products in the
survey. The fictional names were randomly assigned to the products in the two vignettes for each
participant, to avoid product preference due to names. We suggest that others using this protocol
also pilot their vignettes and identify any issues with wording.

We then conducted a second pilot study with the updated vignettes and survey questions on
Amazon Mechanical Turk (MTurk). We assessed the efficacy of the variable manipulation and
the clarity of the vignettes” writing style. The manipulation check questions are described in Sec-
tion 3.3. The writing style question was “The writing style for the scenario (vignette) was easy to
understand” (A 7-point Likert scale question from strongly disagree to strongly agree.) Each vi-
gnette was piloted with five participants. That is, five participants * four conditions * 18 guidelines,
360 participants in total. Of those, 352 (97.7%) participants found the vignettes easy to understand.
Also, 349 participants (97%) passed the attention check, and 316 (87.7%) participants passed the ma-
nipulation check. Due to the nature of crowd work and the small sample size (N = 5), we did not
attempt to tailor the vignettes for a small group of crowd workers and achieve 100% pass rate for
all gate-keeping questions. This step complements the first pilot to verify that most crowd workers
also find the vignettes easy to understand and perceive the difference between [Product A] and
[Product V], and the two levels of Al performance.

3.5 Participants

For the actual studies, we determined the sample size with the assumption of 80% statistical power.
That is, should any effect exist, there is an 80% chance of detecting a small-medium effect (f = .18).
As a result, each factorial survey required at least 65 responses.

We recruited respondents from a general-purpose, paid crowdsourcing platform, Amazon
MTurk. Crowdsourcing platforms have the advantage of accessing a wide range of end-users
within a reasonable budget. To control for quality, we limited recruitment to crowd workers with
acceptance rates above 95% and at least 100 approved human intelligence tasks (HITs), and who
were located in the United States and at least 18 years old. Considering that not all participants
would pass the attention check, we over-recruited for each factorial survey (72-74 participants).
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Fig. 1. The study procedure is shown from left to right. A screening survey is presented to the crowd work-
ers to make sure they have some experience with the type of productivity software to be described in the
vignettes. Participants who passed the screening test (marked as blue profile icons) will be directed to the fac-
torial survey task. The order of all survey questions is randomized. Vignettes 1 and 2 are randomly assigned
to be about [Product A] and [Product V]. After completing the factorial survey task, the crowd workers will
fill out the post-survey and submit the HIT.

3.6 Procedure

To facilitate randomization in participation and fair pay for the screening questions, we built a web
application to manage participant recruitment on MTurk. Crowd workers were recruited through
a screening survey HIT worth $0.20. Only crowd workers who met the recruitment requirements
were able to preview and accept the task. Below we describe the study procedure (Figure 1).

Participant Screening. After workers accepted the HIT, they were presented with our institution’s
IRB consent form. Upon electronic agreement with the consent form, the worker was asked three
screening questions. The first two questions asked about their experience with a type of produc-
tivity software described in the vignettes. The third question asked the worker’s age, to confirm
participants were at least 18 years old, per IRB regulations. All crowd workers who completed the
screening were paid $0.20. We screened out workers with little or no experience with the type of
product (e.g., used the product for less than one year, and less than once every few months). Qual-
ified workers who completed the entire survey were compensated with an additional $5 through
MTurk’s bonus system.

Factorial Survey. Participants who qualified for the study were then shown the factorial survey.
Each participant was first shown a vignette and a set of survey questions assessing the dependent
variables. After that, the participants are directed to the second vignette and the same set of survey
questions. The order of the vignettes (one about [Product A], one about [Product V]) and the
survey questions for each vignette were randomized. After finishing the survey questions for both
vignettes, participants were directed to the third page where the same two vignettes were displayed
side by side. The participants were asked to describe the differences between [Product A] and
[Product V], select which product they preferred, and explain why:.

Post-survey. Finally, they were asked to fill out a questionnaire about their demographic informa-
tion and attitudes towards Al This information about participants enabled us to monitor whether
extreme attitudes towards Al might have influenced their answers. We used the attitudes towards
Al items from [119].

3.7 Data Analysis

One of the authors analyzed the short answers to the two open-ended questions in the factorial
surveys using thematic analysis [21]. The short answers to the question that asked participants to
describe the difference between [Product A] and [Product V] were coded to check whether each
participant perceived the independent variable manipulation (Yes/No). For example, the following
is a comment that described the difference between the two products for G1: MAKE CLEAR WHAT
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THE SYSTEM CAN DO: “[Product V] doesn’t specifically state what features it has. It simply says that
[Product V] would help me with my presentation. However, [Product A] does state that it will
help me improve by giving me feedback on my use of filler words or profanity.” This comment
captured the difference between the products and was coded as passing the manipulation check.

The other open-ended question asked the participants to provide reasons for their preference for
the product from the two vignettes, [Product A], or [Product V]. These answers were also analyzed
using thematic analysis. One of the authors read the open-ended answers provided in each factorial
survey repeatedly until codes began to emerge. Then, the codes were recorded and each comment
was coded. Codes were mutually exclusive, so a comment counted towards only one code. Once
codes were identified and all comments were coded, the same author merged codes into themes.

For the impacts on UX metrics, we measured statistical significance with adjusted p-values [17]
and we also investigated effect sizes measured by the index generalized eta-squared [85]. The
American Statistical Association (ASA) released a statement [8] that explicitly advised against
drawing scientific conclusions based on p-values alone. First, to mitigate the risk of inflating the
false positive rate due to multiple testing, we adjusted the p-values with the methods proposed
by Benjamini and Hochberg [17]. This method controls the false discovery rate, which is the ex-
pected proportion of false positives among all positives that rejected the null hypothesis and not
among all the tests undertaken. To further quantify the impact, we investigated effect sizes mea-
sured by generalized eta-squared [85], which is a useful estimate of the percentage of variance
accounted for by a variable—in our case, compliance with a guideline. Generalized eta-squared
provides comparability across between-subjects and within-subjects designs [12]. Given the lack
of proximal research to determine the standards for effect sizes, we followed the recommendation
by Cohen [27], which categorizes the effect sizes into four levels: unsubstantiated (7%, < 0.02),
small (0.02 < p% < 0.13), medium (0.13 < % < 0.26), and large (77 > 0.26).

Because the factorial surveys for each guideline are independent of each other and used different
vignettes, we have to consider each guideline’s study in isolation and cannot perform comparisons
across guidelines.

4 RESULTS

We first describe background information about the participants and the manipulation check re-
sults, then we present the details of the qualitative and quantitative analyses.

We conducted thematic analysis on the open-ended responses about product preference and
effect size analysis for each UX metric. Since the interaction effects between guideline compliance
and Al performance were not significant for most studies, we report the interaction effects between
guideline compliance and Al performance only when they are detected. The thematic analysis re-
vealed participants’ perceptions about the products, providing context about the guideline’s impact
on metrics and also pointing to pitfalls in applying and implementing each guideline.

The manipulation check results showed that two of the 18 factorial surveys failed to manipulate
the independent variable. We reflect on the issues with the vignettes of the two guidelines, and
present the results for each of the 16 remaining studies.

It is important to keep in mind that the results do not support comparisons across guidelines
and are discussed independently. Each factorial survey used different products and features in the
vignettes, therefore, the 16 studies were independent. Future users of this protocol might choose
to collect data only about a few relevant guidelines as needed for their specific product or feature.

4.1 Participants’ Background

In total, we collected 1,300 responses from MTurk. As we will describe in Section 4.2, the studies for
Guidelines 2 and 16 failed the manipulation check. Therefore, the total number of participants in
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the successful studies is 1,155. Of those, we eliminated the responses from participants who failed
the attention checks. As a result, 1,043 participants were included in the data analysis. While some
of the factorial surveys ended up having less than 65 (the targeted sample size) valid responses (see
Table 1), the fact that most medium and large effects are also statistically significant (see Figures 2—-
20) suggests we had a good amount of power. Therefore, the reason for not seeing effects for some
of the dependent variables in some of the factorial surveys is not because of low statistical power.

We present the aggregated background data about the participants who passed the attention
checks in Appendix A. This includes a breakdown of participant demographics (Tables 2 and 3) and
attitudes towards AI (Tables 4 and 5) by experimental group. There was no statistically significant
difference between the participants in the optimal and sub-optimal AI performance conditions in
each guideline.

Among the 1,043 responses, 539 (52%) participants identified as female, 488 (47%) as male,
13 (1.2%) as nonbinary or gender nonconforming, two preferred not to answer, one did not re-
spond. Participants skewed young. Their distribution across age groups was as follows: 128 (12%)
18-24 years old; 437 (42%) 25-34 years old; 266 (26%) 35-44 years old; 139 (13%) 45-54 years old;
58 (6%) 55—64 years old; 14 (1%) 65-74 years old, and one participant did not answer.

Most participants had positive prior experiences with the product type in the vignettes they were
exposed to: 953 (91%) considered products in the same category useful, and 950 (91%), reliable.

Most participants had some familiarity with computer science/technology either through
college-level coursework, degrees, and/or programming experience. Of the 1,043 respondents,
357 (34%) had no such experience.

Participants’ attitudes towards Al tended to be positive. Most participants stated they would
support the development of Al (852, 82%), 86 (8%) would oppose, 101 (9.7%) were neutral, and
four did not know or did not answer. We also asked participants to indicate their feelings toward
progress in Al. The most common feelings were curiosity (728, 70%), excitement (528, 51%), and
optimism (505, 48%). Negative-leaning feelings such as concern (318, 30%), apprehension (255, 24%),
and unease (177, 17%) were not as widespread among respondents. When asked whether society
will become better or worse because of increased automation and Al, most participants (736, 71%)
indicated better, 166 (16%) thought it would become worse, and 140 (13%) thought it would not
change. Overall, our respondents’ attitudes towards Al were more favorable than those of the
American public [119].

Most of the respondents (1,005, 96%) found the vignettes easy to understand and 24 (2%) were
neutral. The product scenarios in the vignettes were perceived to have a medium-stakes impact,
confirming that participant perceptions (971, 93%) aligned with our intent to study medium-stakes
products.

4.2 Manipulation Check Results

4.2.1  Qualitative Manipulation Checks Were More Effective. When analyzing the manipulation
check results, we found severe discrepancies between the quantitative and qualitative ones. Sev-
eral participants’ quantitative answers to multiple experiments indicated the independent variable
manipulation had failed. However, their open-ended answers described the difference between
the two products in the vignettes accurately and unambiguously. For example, in the study of
G6: MITIGATE SOCIAL BIASES, only 23 (34%) of the 68 participants passed the quantitative manip-
ulation check. However, in the open-ended responses, 66 (97%) of the participants perceived the
manipulated differences. A total of 39 (57%) participants recognized that [Product A] was diverse
or inclusive, while [Product V] was biased or discriminatory: “[Product V] is biased and not inclu-
sive. [Product A] makes mistakes, but is not biased.” An additional 27 (40%) participants pointed
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Table 1. Number of Recruited and Included Respondents for the Successful
Studies (Excluding Guidelines 2 and 16), and the Corresponding Preference for
Products that Applied [Product A] or Violated [Product V]

Guideline Respondent Inclusion Criteria Preference
Initial/All | Pass Attention Check | Product A | Product V
1 72,100% 64, 89% 55, 86% 9, 14%
3 72,100% 68, 94% 55, 81% 13, 19%
4 72,100% 66, 92% 40, 61% 26, 39%
5 72,100% 69, 96% 51, 74% 18, 26%
6 72,100% 68, 94% 64, 94% 4, 6%
7 72,100% 60, 83% 58, 97% 2,3%
8 72,100% 61, 85% 56, 92% 5, 8%
9 72,100% 60, 83% 56, 93% 4,7%
10 72,100% 66, 92% 62, 94% 4, 6%
11 73, 100% 65, 89% 64, 98% 1, 2%
12 72,100% 69, 96% 60, 87% 9, 13%
13 72,100% 60, 83% 49, 82% 11, 18%
14 72,100% 68, 94% 55, 81% 13, 19%
15 74, 100% 66, 89% 60, 91% 6, 9%
17 72,100% 65, 90% 58, 89% 7,11%
18 72,100% 68, 94% 61, 90% 7,10%

Total | 1,155, 100%

1,043, 90% | 904,87% | 139,13%

out that [Product A] showed women and different races, and [Product V] did not: “[Product V]
only shows images of white males, while [Product A] shows people of all races and genders.”

We attribute this discrepancy to the wording of the quantitative manipulation check items,
which mirrors the original scholarly language of the guidelines rather than using a more descrip-
tive wording similar to the vignettes. For example, the manipulation check question for the G6
surveys was phrased as: “[Product Name] mitigates undesirable and unfair stereotypes and bi-

ases.” As a result, we decided to drop the quantitative results for manipulation checks and only use
the qualitative results.

4.2.2  Guidelines 2 and 16 Failed to Manipulate Guideline Compliance. Based on the qualitative
analysis, two of the 18 studies (those for Guidelines 2 and 16) failed to manipulate guideline com-
pliance. In the factorial survey for G2: MAKE CLEAR HOW WELL THE SYSTEM CAN DO WHAT IT CAN
DO, guideline compliance was manipulated by changing one word. When recommending ideas for
slide designs, [Product A] said “Here are designs you might like” while [Product V] said, “Here are
designs you will like” Our intention was to indicate that [Product A] communicates that it might
make mistakes and [Product V] is overly confident. Out of the 60 participants who passed atten-
tion check, 22 (37%) were not able to distinguish between the two vignettes: “The descriptions and
images are the exact same. Are you trolling me? I'm sorry. But I see no difference.” 20 (33%) partic-
ipants were able to spot the different wording but did not perceive it as an indicator of how well
the product might perform: “[Product V] and [Product A] are essentially the same software both
offering me design help. However, the one difference is in the wording of the language, [Product
A] says “Designs you might like” as to where [Product V] says “Designs you will like.””

In the factorial survey for G16: CONVEY THE CONSEQUENCES OF USER ACTIONS, we manipulated
guideline compliance by changing the product’s behavior upon the user clicking Like/Dislike but-
tons. [Product A] displayed a message after clicking the buttons, while in [Product V], the buttons
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briefly changed color after being clicked, without displaying a message. In retrospect, it became
clear that [Product V] also conveyed some consequences of user actions with its color change, as
47 (78%) out of 62 participants pointed out: “[Product A] offers verbal feedback on your choices
where as [sic] [Product V] uses colors instead.” Actually, 17 (27%) participants liked [Product V]’s
implicit communication and expressed dislike for [Product A]’s message: “I do not like interfaces
that gives [sic] too much info. I would choose [Product A] if it gave the message the very first time,
but changed to the method that [Product V] uses afterwards.”

The issues with the vignettes for G2 and G16 were not revealed in the pilot studies with crowd
workers. Our interpretation is that people can have very different reactions to Al-powered features,
and thus, involving enough participants (such as a sample size estimated by power analysis) is
critical to reveal issues with vignette design. However, others using this research protocol should
also be mindful about over-engineering vignettes and surveys for a specific group of participants.

4.3 Factorial Survey Results

Therefore, we present the results of the 16 factorial surveys that successfully manipulated the inde-
pendent variable. For each study, we include information pertaining to each research question: the
number of participants who preferred [Product A] and [Product V], along with the reasons partici-
pants provided for their preferences, which provide insights into their perceptions. For each study,
we also present the effect sizes (measured in generalized eta squared, noted as n%) on the depen-
dent variables and, where applicable, interaction effects. Despite % values ranging from 0 to 1, to
help interpret the directionality of the effects, we use the additive inverse of 7% to indicate when
[Product V] received more positive ratings with the dependent variables. The factorial surveys of
most guidelines did not show statistically significant interaction effects between guideline compli-
ance and Al performance on UX metrics (see Table 6 in Appendix A), except for Guidelines 11, 13,
and 15 (see Figures 12, 15, 18). Each of these guidelines demonstrated interaction effects on several
UX metrics, but only the interaction effect for Guideline 13 had substantiated effect sizes. This also
suggests that Al performance did not significantly influence the impact of guideline compliance
on user perception and the different aspects of UX we tested. Therefore, we combine the results
for both levels of Al performance when reporting the results for each guideline.

When discussing the qualitative results, in an attempt to keep the summaries concise, we focus
on dominant themes. For example, if only one or two participants preferred [Product V], their
comments are not summarized unless they provide insights into nuances of applying a guideline.

G1: Make Clear what the System Can Do. The vignettes described a coaching feature in a pre-
sentation application. [Product A] informed users of the presentation coach’s capabilities with a
detailed list of features, while [Product V] used a generic statement: “We will help you improve
your presentation style”

We saw a strong preference for [Product A] (55, 86%). The qualitative results show that 19 par-
ticipants preferred [Product A] because of the feature’s specific description: “Both “coaches” aim
to tweak presentations, but [Product A] explicitly states how it functions. Based off the narrative,
I don’t know much about how [Product V] specifically aims to improve presentation skills.” These
participants’ comments are consistent with the substantiated effects on feeling less uncertain and
more secure. Another 12 participants expressed their understanding that [Product A] would pro-
vide more detailed feedback than [Product V]: “Again, it seems more useful. I don’t need general
feedback, I need specific information in order to improve and [Product A] has that.” Even though
the intention of the vignette was to be careful and not overstate what the presentation coach can
do, some respondents interpreted [Product A] as being able to do more, which might explain the
substantiated effect on perceived performance (ryé = 0.02). The rest of the participants had various
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Fig. 2. Effect sizes measured in generalized eta squared (noted as qé, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate
no significance) of Guideline 1. Applying Guideline 1 has substantiated small effects on feeling more secure,
feeling less uncertain, and perceived performance. None of the adjusted p-values for the dependent variables
suggest statistic significance (all are greater than 0.05).

reasons for preferring [Product A], such as finding it useful or innovative (6), liking what it did (4),
wanting to improve their presentations (3), and other (7). Among the participants who preferred
[Product V], three did not feel comfortable being recorded by the product, and two wrote state-
ments favorable to [Product A], suggesting they might have selected preference for [Product V]
by mistake.

While the qualitative analysis focused on the fundamental themes of the user perception, several
comments do indicate specific impact by the coaching feature. The three participants who did not
feel comfortable being recorded might prefer [Product A] in a different product where no record-
ing is needed. However, those who preferred [Product A] expressed a preference for specificity
in feature description, which is consistent with accepted best practices in writing for user inter-
face [72]. In addition, previous works on rehearsal support and feedback systems [100, 109, 111]
primarily focused on the quality improvement when evaluating the efficacy of the systems. This
study complements the previous evaluation strategies and reveals additional user concerns about
being recorded. A unique finding and important consideration when applying Guideline 1 is to find
a balance between providing a clear, specific description of the Al system with not over-stating
system capabilities.

G3: Time Services Based on Context. The vignettes described an email application that would
stop notifications when it senses that the user is busy [Product A] or pops up notifications as
messages came in [Product V].

[Product A] was preferred by 55 (81%) participants. Those who preferred [Product A] appreci-
ated that it protected the user’s focus (25) and that it knew when it is appropriate to show notifi-
cations (24): “I like the fact that [Product A] can predict when I am too busy to deal with notifi-
cations popping up on my screen and disturbing my concentration”; ‘[Product A] seems to have
a better understanding of when notifications are appropriate and inappropriate.” Consistent with
the qualitative results, the quantitative results showed a medium effect on feeling more productive
(7% = 0.15). Interestingly, even though it was the product that controlled notifications, [Product A]
also made participants feel more in control (5% = 0.16). However, the desire for control was one of
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Fig. 3. Effect sizes measured in generalized eta squared (noted as qé, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate
no significance) of Guideline 3. Applying Guideline 3 has substantiated effects on most dependent variables,
except decreased suspicion and decreased expectation of harm. All substantiated effects are also statistically
significant (asterisks next to the bars indicate that the adjusted p-value for the corresponding dependent
variable is smaller than 0.05, indicating statistic significance).

the reasons five participants stated for preferring [Product V]. Another five participants preferred
[Product V] because they wanted to see notifications as they came in, and three respondents had
privacy concerns: “[Product A] is tracking me somehow because it holds the notifications, so I
prefer the less invasive [Product V].”

The results reflect an interesting tension about control: some participants felt more in control
when the Al protected their focus; others felt more in control when the product showed notifica-
tions as new messages arrived. The findings suggest that when Al systems make decisions for users,
these decisions can increase convenience but may also decrease the perception of control. This ten-
sion can happen in other products that apply G3, not only e-mail applications. Prior research on
notifications has also pointed out challenges such as user stress and feelings of hindrance [59]
and costs of interruptions [44, 45]. This study extends previous findings by showing factors for
successfully timing the services based on context, such as providing user with sufficient control,
making clear what information is tracked by the app, and clarifying privacy concerns.

G4: Show Contextually Relevant Information. The vignettes described a document editing ap-
plication with a feature that provided definitions of acronyms. [Product A] showed definitions of
acronyms specific to the user’s workplace and relevant to the user’s document. [Product V] always
used a standard list of definitions from a popular dictionary.

Respondents were quite split in terms of their preferences, with 26 (39%) actually preferring
[Product V]. This is aligned with the lack of substantiated effects in the quantitative results. Those
who preferred [Product A] (40) did mention reasons such as it being more tailored to their work.
However, the participants who preferred [Product V] raised various concerns about [Product A]:
Some (11) perceived [Product A] as being too limiting: “T would prefer to see all of the possible
definitions as opposed to having the software narrow the options for me.” Six participants raised
concerns of trust or possible errors: “I would rather use [Product V] because it gives me the choice
of choosing which definition I would want to go by. [Product A] would be easier, but if [Product
A] were to make a mistake on me, I would have a hard time trusting it because I did not make
any part of the decision.” Four participants were concerned about privacy: “I would prefer to use
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Fig. 4. Effect sizes measured in generalized eta squared (noted as qé, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate
no significance) of Guideline 4. Applying Guideline 4 had unsubstantiated effects on the dependent variables,
and in some cases, [Product V] received more positive ratings with some UX metrics (the additive inverse of
17?3 was used to indicate directionality). None of the adjusted p-values for the dependent variables suggest
statistic significance (all are greater than 0.05).

[Product A] because [Product V] feels a bit more intrusive. I would be nervous that it is pulling
data from things like my other software and my browsing history. This would be unacceptable
since I work with sensitive PII [personally identifiable information].”

The choice of the acronym feature revealed a common dilemma in personalization: how to cus-
tomize content without creating a filter bubble [87]. The results also suggest that modern users of
personalized features are exceptionally aware of these issues and desire more control over their
information exposure. This is aligned with the findings of more extensive studies with deployed
recommendation systems [41, 77]. It is also possible that the findings for this study were overly
influenced by the phrasing of the vignette, which led to [Product A] being perceived as more lim-
iting than we had intended. However, some of the results point to a well-known tension between
privacy and personalization [60].

G5: Match Relevant Social Norms. The vignettes described a document editing application. [Prod-
uct A] introduced suggestions for improving writing style with the statement, “Consider using..”;
however, [Product V] used a different tone: “You made a mistake. Replace with...”.

Most respondents (51, 74%) preferred [Product A]. Participants were able to perceive the dif-
ference in tone as a matter of politeness, and 49 participants referred to this in their open-ended
comments: ‘I consider the “You made a mistake.” rather obnoxious. If you are saying something
like that, you need to be absolutely perfect, no “sometimes made mistakes” allowed.” However, 13
out of the 18 participants who preferred [Product V] actually liked its tone: “I like the way it is
blunt.” They interpreted it as a sign of confidence: “[Product V] sounds more confident, which
makes me trust it more than I trust myself. [Product A] would just be a nuisance to me.” It is not
surprising that the polite tone had an effect on feeling less inadequate. Applying the guideline also
had a small effect on feeling more secure (n% = 0.02).

The results indicate some disagreement among participants about what might be acceptable
social norms. For some participants, the more blunt tone was acceptable, too. It is possible that had
the vignette used offending language, the results might have been different. Even so, the results
point out the importance of conducting user research to understand social norms and what is
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Fig. 5. Effect sizes measured in generalized eta squared (noted as qé, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate no
significance) of Guideline 5. Applying Guideline 5 has substantiated small effects on feeling less inadequate
and feeling more secure. There is also an unsubstantiated negative effect on reliability (the additive inverse of
r]ZG was used to indicate directionality). The impact on feeling more secure and perceived performance showed
statistic significance (adjusted p-values smaller than 0.05, see asterisks in the chart).
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Fig. 6. Effect sizes measured in generalized eta squared (noted as I]é, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate
no significance) of Guideline 6. Applying Guideline 6 has substantiated effects on all dependent variables
with statistic significance (adjusted p-values smaller than 0.05, see asterisks in the chart).

acceptable to different user groups. The results also indicate an interaction between G5 and G2,
as the more blunt tone was interpreted as a sign of confidence and better product performance. It is
important to take G2 into consideration when applying Guideline 5 to describe system behaviors
or capabilities, so as to avoid creating unrealistic expectations about the Al system.

Gé6: Mitigate Social Biases. The vignettes described an online search engine. When searching for
images of CEOs and doctors, [Product A] showed people of different genders and skin tones while
[Product V] did not show images of women or people of color.

[Product A] was preferred by 64 (94%) respondents and resulted in substantiated effects on all
UX metrics, one being small and the others being either medium or large. Most (34) participants’
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reasons for preferring [Product A] converged around the theme that [Product A] did not have
bias, or an agenda with bad intentions: “Although it makes mistakes sometimes as well, it seems
more well-intentioned than [Product V]. Or rather, [Product V]’s creators.” This is consistent with
the large effects on UX metrics related to trust (7%, = 0.30). Another 14 participants referred to
benefits of diverse search results: “Diversity of results (all relevant to the search) allows me easy
access to a variety of content, and gives me a degree of control over what content is available for
me to use.” Yet another reason for preferring [Product A] was the perception that it reflected reality,
mentioned by 9 participants: “I work in the medical field and understand that many positions have
more women than men filling the roles and to have a search result that excludes them, as well as
individuals of different races, is an inaccurate depiction of the occupation.” Together, these reasons
align with effects on the UX metrics related to productivity (né = 0.30) and perceived performance
(ryzG = 0.26). Among the four participants who preferred [Product V], two indicated that [Product
A] had an agenda: “Most CEOs and doctors are white males. I feel like the first one is forcing its
agenda of being inclusive.” One participant seems to have clicked [Product V] by mistake, as their
open-ended comment actually describes [Product A]:

“I believe the [Product V] search engine mitigates undesirable and unfair stereotypes
and biases. Every individual deserves to be treated equally. I understand that we all
have preference in choosing which person we feel we are comfortable to communicate
with, but through [Product V] system, every individual may have the chance to excel
better than before”

Due to increased media coverage (e.g., [31, 71, 117]), the general public is sensitive to issues of
social bias in Al systems [82], and in U.S. society at large. As in society at large, feelings about social
biases were intense, as suggested by the strong language in participant quotes. Mitigating social
biases is a complex issue, and even though it is difficult to achieve, there is convergence in academia
and industry about the importance of doing so (see [82] for a survey of this topic).

G7: Support Efficient Invocation. The vignettes were about a feature in a presentation application
that suggested alternative slide layouts. [Product A] had a button to invoke the feature with layout
design ideas if it did not trigger automatically, while [Product V] did not have a button for manual
invocation.

[Product A] was preferred by 58 (97%) participants. The main reason was that [Product A] pro-
vides the option to request design help manually, which was mentioned by 33 participants. A total
of 17 participants found [Product A] more user-friendly and efficient, and 3 participants felt it of-
fered more freedom and control: “I would prefer being able to get help easily if I need it. [Product
A] seems more useful;” “[Product A] gives me more control over the program and allows me to tell
when I want to apply suggestions about formatting.” Participants’ comments are consistent with
the effects on UX metrics about feeling in control (5%, = 0.21), productive (7%, = 0.23), and those
related to perceived product quality.

The results of G7 point to the fundamental user need to have easy access and control to invoke
the available features in an app, which is not limited to slide editors or layout recommendation
features and is consistent with existing design heuristics about user control (e.g., [79, 105]). Of
course, with other types of interfaces, the specific interaction for efficient invocation would be
different—e.g., gestures, voice commands [35, 64], but the finding about G7 supporting user control
would still apply.

G8: Support Efficient Dismissal. The vignettes used the same features as for G7, but manipulated
guideline compliance through the presence or absence of a button to dismiss slide design sugges-
tions when they were not needed.
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Fig. 7. Effect sizes measured in generalized eta squared (noted as qé, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate
no significance) of Guideline 7. Applying Guideline 7 has substantiated effects on all dependent variables
with statistic significance (adjusted p-values smaller than 0.05, see asterisks in the chart).
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Fig. 8. Effect sizes measured in generalized eta squared (noted as ryé, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate
no significance) of Guideline 8. Applying Guideline 8 has substantiated effects on most dependent variables,
except feeling less inadequate. The impact on all dependent variables is statistically significant (adjusted
p-values smaller than 0.05, see asterisks in the chart).

Results showed that 56 (92%) participants prefer [Product A]. The presence of the dismissal
option was the main reason for preferring [Product A], mentioned by 28 participants. The other
27 participants commented on various UX aspects that differentiated [Product A] from [Product
V], such as: choice and control: “[Product A] seems to give me a little more control over my
user experience;” frustration: “Because I would get frustrated not being able to get the help off
the screen”; productivity: “Being able to remove/hide a tool that is not needed at the time will
allow for more productivity and less frustration”; user-friendliness: “It’s more intuitive and has
a more well-designed interface.” Feeling in control (5% = 0.23) and more productive (7%, = 0.19)
were also apparent in the quantitative effects on UX metrics, as were three metrics related to
perceived product quality: usefulness (7% = 0.16), performance (7% = 0.16), and NPS (r?, = 0.14).
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Fig. 9. Effect sizes measured in generalized eta squared (noted as qé, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate
no significance) of Guideline 9. Applying Guideline 9 has substantiated effects on all dependent variables,
all with statistic significance (adjusted p-values smaller than 0.05, see asterisks in the chart).

Similar to G7, efficient dismissal supports user control and might be implemented differently in
other interface types. We recommend Al practitioners follow UX research best practices and assess
the effectiveness of a planned interaction, potentially using the same research protocol presented
here.

G9: Support Efficient Correction. The vignettes described the same layout suggestions feature
as in the studies for G7 and G8. Upon selecting one of the design recommendations, [Product A]
allowed the user to make further changes to the layout, while [Product V] did not allow such
changes.

The results for G9 show that 56 (93%) respondents preferred [Product A] and all effects on
UX metrics were substantiated. Besides stating that they liked the ability to modify the suggested
layout (32 respondents), 25 participants’ open-ended comments expressed feelings consistent with
the quantitative effects on the UX metrics: feeling in control (7% = 0.32): “I do not like feeling
out of control. I like to be able to alter the layout to suit my individual needs”; feeling productive
(n% = 0.18): “[Product A] allows you to edit things such as size and reposition things which
would make the job easier to do”; reliability (7% = 0.19): “[Product A] is more reliable as it
allows myself, the user, to fix mistakes that the software will make from time-to-time”; trust (172G =
0.20): “T am happy for the supported help of the Design Helper, but I don’t fully trust it, and I
want to feel like I am in control of my slide deck software. Therefore, [Product A] seems like a
better fit for me.” Participants also expressed feelings not captured in the quantitative UX metrics:
freedom and flexibility: “I like having the freedom of being able to adjust the suggested layout
if needed”; avoiding frustration: “The ability to customize and make adjustments on [Product
Al is a significant improvement over [Product V]. [Product V] would make me very frustrated and
unhappy if I couldn’t make things just right”

The results about G9 also point to fundamental user needs to have control over Al systems and
be able to edit their outputs.

G10: Scope Services when in Doubt. The vignettes described an auto-complete feature in a docu-
ment editing application. [Product A] provided a list of options when it was not sure which word
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Fig. 10. Effect sizes measured in generalized eta squared (noted as r]zG, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate
no significance) of Guideline 10. Applying Guideline 10 has substantiated effects on all dependent variables
with statistic significance (adjusted p-values smaller than 0.05, see asterisks in the chart).

the user is trying to type. [Product V], on the other hand, automatically completed a word after
the user typed the first few letters with its best bet.

[Product A] was preferred by 62 (94%) participants. In the open-ended comments, 31 respon-
dents perceived [Product A] as able to reduce the likelihood of errors, which is consistent with
the medium effect on perceived performance (7% = 0.15) and reducing uncertainty (7% = 0.15).
Another 19 participants simply stated they preferred it because of the way it worked. Participants
mentioned [Product A] made them feel in control: “I would feel more in control, because I would
have a choice to make, instead of one being made for me,” which is also reflected by a medium
effect in quantitative results (7%, = 0.20); more efficient: “I would prefer the speed of which I
can click on the word to avoid having to type the whole word myself. [Product V] would confuse
me and make me sad”; and less trusting of [Product V]: “I don’t trust [Product V]’s automatic
features,” echoing a small effect on trust (7% = 0.09).

The results about G10 indicate that handing over the control from a less confident Al system to
a human user is important for maintaining a positive UX. In this case, the cost of engaging the user
in disambiguation was lower than the cost of making a mistake. There might be scenarios, where
engaging in disambiguation dialogues can be distracting to the user (e.g., while driving). When
applying Guideline 10, it is important to consider the relative costs of engaging in disambiguation
versus just degrading services when the system is in doubt. These insights align with previous
works using simulation [65] or implemented systems [107].

G11: Make Clear why the System Did what it Did. The vignettes used a spreadsheet application
that generated insights and recommended charts. [Product A] made available an explanation for
these recommendations, whereas [Product V] did not.

All but one participant (64, 98%) preferred [Product A]. Besides liking that [Product A] provided
an explanation, mentioned by 29 respondents, participants stated [Product A] helped users under-
stand and check for errors: “If the software is making mistakes then an explanation is 100% needed
to avoid frustration and inaccuracy,” reinforcing the importance of making available an explana-
tion especially when the AI might be wrong [1, 5]. In fact, this guideline is one of the few that
showed a statistically significant interaction effect with Al performance. Applying the guideline
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Fig. 11. Effect sizes measured in generalized eta squared (noted as l]é, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate no
significance) of Guideline 11. Applying Guideline 11 has substantiated effects on most dependent variables,
except the decreased expectation of harm. All substantiated effects are statistically significant (adjusted p-
values smaller than 0.05, see asterisks in the chart).
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Fig. 12. Interaction effects were detected between compliance of Guideline 11 and Al performance on two
dependent variables: Trust and Expectation of Harm. While the adjusted p-values indicate that the interaction
effects are statistically significant, the effect sizes for both interaction effects are unsubstantiated.

made a bigger difference for trust (p = 0.04) and decreased expectation of harm (p = 0.03) when
Al performance was sub-optimal (Figure 12). Not surprisingly, applying Guideline 11 also resulted
in a medium effect on perceived product performance (y% = 0.15). Additionally, 6 participants
mentioned explanations were useful or valuable, and 6 participants saw [Product A] as more reli-
able or trustworthy, consistent with the quantitative UX effect on trust (7% = 0.14) and reliability
(%, = 0.14): “I would trust [Product A] more seeing that it gives you more access to important
information.”

The results point to the need for explanations of Al system behavior. This principle is not lim-
ited to a specific product or feature. The results echo previous findings that the mere presence of
an explanation increases user trust in an Al system [56, 96], and are just as concerning. Careful
considerations are needed about how to design, implement, and deliver explanations to users in
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Fig. 13. Effect sizes measured in generalized eta squared (noted as r]é, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate
no significance) of Guideline 12. Applying Guideline 12 has a small effect on PU, which is also statistically
significant. The effects on other dependent variables are all unsubstantiated, including a negative effect on
decreased suspicion (the additive inverse of ryé was used to indicate directionality).

different scenarios. For example, recent work has found that explanations can lead to inappropriate
trust and over-reliance on Al systems [24, 86], or even poor performance in human-AI collabora-
tion [14].

G12: Remember Recent Interactions. The vignettes described an e-mail application. When attach-
ing a file, [Product A] showed a list of recent files to choose from, whereas [Product B] opened a
standard file explorer window for the user to navigate to files.

[Product A] was preferred by 60 (89%) participants. In the open-ended answers, 30 participants
made comments about various aspects of [Product A]’s better UX, which are consistent with the
substantiated effect on PU (p% = 0.02). Some aspects mentioned by the participants were not in-
cluded among the UX metrics we measured: convenience: “I like how it shows my recent files
because its more convenient”; ease of use: “I would want it to remember recently used files to
make my work easier”; user-friendliness: “I am more likely to reopen a file that I have recently
looked at, so I think [Product AJwould be more user-friendly for my purposes.” The aspect of pro-
ductivity was measured in the UX metrics and two participants mentioned it: “I certainly like the
option of a program allowing me to simply click and attach a recent file. This for me, is incredibly
productive without having to constantly find where a file may or may not be located to attach
it.” Surprisingly, this is inconsistent with the unsubstantiated effect (7%, = 0.01) in quantitative
results. This could be explained by quotes from the nine participants who preferred [Product V],
who thought the features were not needed: “Don’t ever use when a program shows the recent files.
Not needed”; or were concerned about privacy: “I don’t really want my email application looking
at what I'm working on. I just want it to be neutral and allow me to choose what I want to send.”

The results point to a general privacy concern about how much information is acceptable for the
system to track. This concern is much more general and not bound to an email app or a file explorer,
and can be especially prevalent in the Internet of Things (IoT) and Al-infused cyber-physical
systems [112].

G13: Learn from user Behavior. The vignettes described a presentation application with
the same layout helper feature used in G7 through G9. [Product A] personalized its design

ACM Transactions on Computer-Human Interaction, Vol. 30, No. 5, Article 69. Publication date: September 2023.



Assessing Human-Al Interaction Early through Factorial Surveys 69:25

Feeling more in control n5=0.0431, adjusted pval =0.0124, +

Feeling less inadequate 15 =004, adjusted pval =0.0136, +

Feeling more productive n5=0.0409, adjusted pval=0.0136, +
b4 Fee.zling more secure "=t sk - 72 Cohen's Effect Size Levels
% Feeling less uncertain n5=0.0214, adjusted pval=0.0364, * ) )
K Trust n&=0.0514, adjusted pval=0.0124, » Unsubstantiated (ng< 0.02)
; Reliability 13 =0.0243, adjusted pval = 0.0742, Small (0.02 < né< 0.13)
§ Decreased suspicion n%=9e-04, adjusted pval = 0.6496, I Medium (0.13< né <0.26)
:’l, Decreased expectation of harm ng=0.0163, adjusted pval = 0.0333, = B Large (né >0.26)
e Perceived performance 12=0.0792, adjusted pval = 6e-04, +++

Perceived usefulness P 12-0.1747, adjusted pval =0, ++»
NPS 1%=0.1018, adjusted pval = 2-04, +++
Behavioral intent n5=0.1235, adjusted pval=0, x*+

-0.1 0.0 0.1 0.2 0.3 0.4

Generalized Eta Squared (Effect Size) for Guideline 13

Fig. 14. Effect sizes measured in generalized eta squared (noted as qé, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate no
significance) of Guideline 13. Applying Guideline 13 has substantiated effect sizes on most dependent vari-
ables except decreased suspicion and decreased expectation of harm. The impact on most dependent variables
is statistically significant (adjusted p-values smaller than 0.05, see asterisks in the chart), except decreased
suspicion.
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Fig. 15. Interaction effects were detected between compliance of Guideline 13 and Al performance on two
dependent variables: feeling of security and Bl. Both interactions have small substantiated effect sizes. In
other words, applying Guideline 13 could help mitigate the impact of sub-optimal Al performance on users’
feeling of security and their BI.

suggestions based on previous user behavior, while [Product V] always showed the default
recommendations.

[Product A] was preferred by 49 (82%) participants. Participants who preferred it not only liked
that it learned user preferences (23), but also found it more efficient (18), which is consistent with
the medium effect on PU (112G = 0.17). We also observed statistically significant and substantiated
interaction effects on two UX metrics between guideline compliance and Al performance. In the
sub-optimal Al performance condition, applying Guideline 13 resulted in improved effects on BI
(p = 0.02,7% = 0.03) and feeling secure (p = 0.04, 7% = 0.03). Participants’ open-ended answers
such as the one below suggest users might be more likely to tolerate sub-optimal Al performance
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Fig. 16. Effect sizes measured in generalized eta squared (noted as r]zG, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate
no significance) of Guideline 14. Applying Guideline 14 has substantiated small effects on most dependent
variables except feeling more secure and reliability. The impact on all dependent variables is statistically
significant (adjusted p-values smaller than 0.05, see asterisks in the chart).

when there is an indication that the system is learning and might improve over time. “From the
two [Product A] seemed to have a better user experience. Although it did make some mistakes
they outweigh the ease of use and learning ability of [Product A].”

This guideline focuses on the system “learning” from user behavior. Note that some partici-
pants assumed that this learning would directly improve system behaviors. Because participants
appear to conflate two guidelines, learning user behavior (G13) without actually improving the
system appropriately (G14) could be perceived as problematic. In practice, it is also important to
convey to users how their interactions are used for system improvement or other purposes (G16).
Because in practice these three guidelines can be deeply interrelated, it is important to consider
their interaction when designing and evaluating human-AI interaction. Prior research has studied
adaptive user interfaces that learn from user behaviors in various contexts such as autonomous
driving [110] and e-learning [62], to name a few. Our study results confirm the positive effects of
adapting user interfaces based on user behaviors, and also points to the importance of combining
multiple guidelines when designing such adaptive user interfaces.

G14: Update and Adapt Cautiously. The vignettes described a document editing application that
adapted a part of its menu to the user’s current actions, as opposed to [Product V], which changed
its entire menu.

[Product A] was preferred by 55 (81%) participants. Among those who preferred [Product A], 17
participants liked [Product A]’s consistency or found [Product V] disruptive: “I feel like [Product
V] would constantly change the entire menu bar and these changes would be disruptive or distract-
ing to me as I tried to work. [Product A] would be less intrusive.” These perceptions might align
with the small quantitative effects on feeling less inadequate (’72@ = 0.03), less uncertain (17, = 0.08),
and reliability (né = 0.05). Consistent with the substantiated effects on control (r]ZG = 0.09) and
productivity (7% = 0.06), 15 respondents mentioned these aspects in their open-ended comments:
“I like having control of the main functions that I find useful and not having the entire bar change
would be more beneficial for me”; “Since both programs occasionally make mistakes, I would be
more productive when using [Product A] because I would remember where the tool buttons are.”
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Fig. 17. Effect sizes measured in generalized eta squared (noted as r]ZG, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate
no significance) of Guideline 15. Applying Guideline 15 has substantiated small effects on most dependent
variables except the decreased expectation of harm. The impact on all dependent variables is statistically
significant (adjusted p-values smaller than 0.05, see asterisks in the chart).
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Fig. 18. Interaction effects were detected between compliance of Guideline 15 and two dependent variables:
feeling of inadequacy and reliability. While the adjusted p-values are smaller than 0.05, the effect sizes for
the interaction were unsubstantiated.

The results point to the importance of having a consistent UX and reducing the burden of learn-
ing an updated system, consistent with existing research on backward compatibility [13]. Previous
work has recognized that maintaining consistency in adaptive user interfaces is challenging [57].
Future research can use this research protocol to experiment with multiple design ideas before
investing in implementation.

G15: Encourage Granular Feedback. The vignettes were about a spreadsheet application. [Prod-
uct A] had an option to provide feedback on suggested charts, while [Product V] did not.

A total of 60 (91%) participants preferred [Product A]. The strong preference for [Product A] is
also reflected in the substantiated effects in almost all UX metrics, except the decreased expecta-
tion of harm. In the open-ended comments, 25 participants simply stated that the reason for their
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Fig. 19. Effect sizes measured in generalized eta squared (noted as r]zG, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate
no significance) of Guideline 17. Applying Guideline 17 has substantiated small effects on most dependent
variables, except feeling less inadequate, feeling more secure, decreased suspicion. The impact on the most
dependent variable is statistically significant, except feeling less inadequate (adjusted p-values smaller than
0.05, see asterisks in the chart).

preference was the availability of the feedback feature, but others provided more nuanced reasons.
Another 21 participants thought that because it asked for feedback, [Product A] would learn and
adapt to user needs: “I feel that if I can let the program know which features are useful to me and
which aren’t, it may get better at predicting which features to suggest to me.” This could explain
the statistically significant interaction effects on perceptions on reliability (p = 0.04) and feeling
less inadequate (p = 0.03): “I feel like in the long run, it will become more reliable, unlike [Product
V] which has no way of knowing what it is doing wrong, making it unreliable.”

The results suggest that asking for granular feedback from the users (G15) sets the expectation
that the system will learn from the feedback (G13) and improve over time (G14). In a longer-term
interaction scenario, user perception might change over time depending on system performance.
Because these guidelines appear to be deeply interrelated, it is important to consider their interac-
tion when designing and evaluating human-AlI interaction.

G17: Provide Global Controls. The vignettes described an email application. [Product A] provided
a setting where the user could teach the system that certain contacts as important, so their emails
always went to the“Important” inbox and not be miscategorized by the system in the “Other” inbox.
[Product V], on the other hand, did not have this global control.

[Product A] was preferred by 58 (89%) participants. Of those, 35 participants chose [Product
A] because of the availability of the feature. Another 19 participants associated [Product A] with
aspects of UX that are consistent with the small effects in quantitative results: feelings of control
(% = 0.10): “Because it somehow gives you some control of the e-mails you want to be marked
as important.”; trust (né = 0.05): “With [Product A] I have more trust that the emails are where
they are supposed to be ...”; reliability (% = 0.03): “[Product A] has more user functionality so
you can customize the app to your liking and seems more reliable.”; and usefulness (1%, = 0.06):
“The setting to classify people would be useful if it works.”. In the conditions with sub-optimal Al
performance, four participants raised concerns about possible mistakes “Because it [Product V]
is not promising something like marking people as important going forward and then failing to
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Fig. 20. Effect sizes measured in generalized eta squared (noted as l]é, represented by the length of the bars
and the first values next to the bars), adjusted p-values (noted as adjusted pval, the second values next to the
bars), and the significance levels (represented by the number of asterisks next to the bars, no stars indicate no
significance) of Guideline 18. Applying Guideline 18 has substantiated small effects on multiple dependent
variables with statistic significance (adjusted p-values smaller than 0.05, see asterisks in the chart).

deliver something like that. I would expect [the product] to fail and because of that I would be
watching it more closely and manually monitoring it.”

The results revealed that users prefer to have control over system behaviors, but might have
additional concerns when system performance is sub-optimal. When system performance is sub-
optimal, users might not trust that the global controls will influence system behavior in the way
they desire. This is not limited to a specific app or feature.

G18: Notify users About Changes. The vignettes used the same sorting feature in an email ap-
plication as in G17. [Product A] would send a notification when the e-mail categorization feature
underwent an update and changed the way it worked, while [Product V] did not.

[Product A] was preferred by 61 (90%) participants. When explaining their preference, 51 partic-
ipants stated they wanted to know and stay informed: “I would want to know changes coming
ahead of time”; “I would prefer to use [Product A] because it would notify me when it made
changes, which would make me feel like I was more in the loop with what was going on and
that I wouldn’t be surprised when I signed onto my email account.” These sentiments align with
the quantitative effects of feeling more secure (7% = 0.04), less uncertain (7% = 0.03), and perhaps
trusting the product more (17, = 0.02). Also, participants mentioned [Product A] would make them
feel more in control, which also showed a substantiated quantitative effect (77, = 0.03): “Because
it keeps me aware of what actions is taking, make me feel more secure and in control of [Product
A]. With [Product V] I feel like I'm left in the dark.”

The results suggest that the action of notifying users of system changes influences UX positively
and minimizes surprises caused by a system update. This result is consistent with industry best
practices (e.g., [76]), but in reality might be contingent on the assumption that users will pay
attention to such notifications.

5 DISCUSSION

Overall, the results support the effectiveness of the guidelines [5] and highlight the importance of
assessing ideas for each guideline’s implementation in context. Our 16 successful factorial surveys
suggest that the guidelines have a positive effect on UX, and explain associated user perceptions.
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We also find that applications of the guidelines are not always successful or translate to positive
user preference. There are various ways of applying each guideline and the same design might
be received differently or even contrarily by different users. Multiple iterations with a sufficient
target audience are especially important for identifying a more suitable way to apply a guideline in
a given context. For example, the studies of Guidelines 2 and 16 failed partially due to the subtlety
of our selected ways of applying the guidelines. We also weren’t able to identify the issues with a
small number of participants in the pilot study. Even with the successful studies, the participants’
comments, as well as the effects on UX metrics, provide detailed insights about each guideline’s
application. Particularly in instances where some participants preferred [Product V], the results
show possible pitfalls of guideline application that need to be considered and mitigated. While
this article focuses on early-stage assessments, it is also important to validate specific human-AI
interaction designs with users in real systems. The research protocol used in our studies could be
adapted and repurposed to this end.

The results of the 16 successful factorial surveys support the application of the HAI guidelines.
For some guidelines, such as Guidelines 6 through 9, the results strongly and enthusiastically
support their application. Similarly, the results support the application without reservations of
Guidelines 1, 10, 11, 14, 15, 17, and 18. Guidelines 11 and 15 showed interaction effects with Al per-
formance that indicate their application might mitigate the effects of sub-optimal performance.

For some of the guidelines, however, the results suggest the need to consider tradeoffs, primarily
concerning privacy. That was the case for Guidelines 3, 4, 12, and 13, whose implementation relies
more on passive data collection (without explicitly asking the user for the data). One possibility to
navigate this tradeoff is to couple these guidelines with Guideline 17, to empower users to globally
control what data the system collects. In fact, the results point to other possible interactions among
the guidelines, which would occur in a naturalistic context.

The results also provided unique insights into applying the guidelines in human-AlI interaction
design. We highlight a few here. Some guidelines can influence a user’s expectations about the Al
system. For example, a product applying G1: MAKE CLEAR WHAT THE SYSTEM CAN DO can some-
times be interpreted as being able to do more. Similarly, a more blunt tone (violating G5: MATCH
RELEVANT SOCIAL NORMS) was occasionally interpreted as a sign of confidence and better product
performance. Therefore, it is important to also consider G2: MAKE CLEAR HOW WELL THE SYSTEM
CAN DO WHAT IT CAN DO when applying G1 and G5 to avoid creating unrealistic expectations about
the Al system. In addition, the study results also revealed an interesting tension between control
and convenience. In the study about G3: TIME SERVICES BASED ON CONTEXT, some participants
felt more in control when Al systems make a decision to pause notifications for them, while oth-
ers felt more in control when the product did not make such decisions. A related insight is from
the study about G17: PROVIDE GLOBAL CONTROLS, where participants became doubtful about the
system under sub-optimal performance conditions.

The findings point to design implications for using the HAI guidelines to create human-Al in-
teraction, which we discuss below.

5.1 Design Implications for Human-Al Interaction

A Guideline’s Impact Can Be Influenced by Other Guidelines and Al Performance. For example, the
comments for Guidelines 3 and 5 suggest how multiple guidelines might interact with each other
to improve UX. From the participants who preferred [Product V] for G3: TIME SERVICES BASED ON
CONTEXT, we learn that automatically suspending notifications when the system senses the user
is busy does not work for everyone, either because some people want to see all their notifications
promptly or because they want more control. These comments suggest that pairing the application
of Guideline 3 with the application of G17: PROVIDE GLOBAL CONTROLS could provide better UX. If
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Guideline 17 were also applied, users would be able to globally control how they prefer to receive
notifications. The study for G5: MATCH RELEVANT SOCIAL NORMS points out the need to balance
a polite tone with communicating system confidence. This suggests connections with G2: MAKE
CLEAR HOW WELL THE SYSTEM CAN DO WHAT IT CAN Do. While some participants preferred the blunt
tone and found it more confident, it is important to use language that calibrates user expectations of
Al performance, as also suggested by [61]. Indeed, in real Al products and features, HAI guidelines
would be used in parallel to orchestrate UX. Future research is needed to rigorously assess how
multiple guidelines interact, building on their individual impact as reported in this article.

In terms of mitigating sub-optimal AI performance, the interaction effects suggest that partic-
ipants interpreted applying G13: LEARN FROM USER BEHAVIOR and G15: ENCOURAGE GRANULAR
FEEDBACK as a promise that the system will improve over time. Applying G11: MAKE CLEAR WHY
THE SYSTEM DID WHAT IT DID and also helped mitigate sub-optimal Al performance with regards
to trust and perception of harm. However, the results for this guideline, consistent with previous
literature, also point to potential pitfalls.

Pitfalls of Guideline Application. Applying a guideline appropriately not only requires a deep
understanding of the guidelines, the products, and the users, but it also takes multiple iterations.
While no Al systems can produce a perfect UX, there are some reoccurring pitfalls that we observe
and recommend designers watch out for.

For G11, our results are consistent with previous findings that the mere presence of an expla-
nation can increase trust [56, 96]. Note that the G11 vignette did not provide the contents of an
explanation—it just stated an explanation was available. While this is an encouraging finding for
applying G11, it also implies a potential pitfall: Users might trust the system just because an expla-
nation is available, regardless of how informative the explanation is. This can lead to over-trusting
the system. When applying G11, it is important to be aware of the benefits and drawbacks of dif-
ferent kinds of explanations [61, 73] and be cautious about not over-inflating user trust in the
system.

From the studies for G4: SHOW CONTEXTUALLY RELEVANT INFORMATION and G13: LEARN FROM
USER BEHAVIOR, we learn about another pitfall of applying HAI guidelines: Some people might
perceive contextualization and personalization as limiting, in that it does not allow them to see all
available options. These concerns echo larger issues related to personalization, such as the Internet
filter bubble [87].

Moreover, in multiple studies, some participants raised privacy concerns. In the case of GI:
MAKE CLEAR WHAT THE SYSTEM CAN DO, the privacy concern was due to the nature of the feature
in the vignette, a presentation coach that would listen to the user delivering presentations. But for
Guidelines 3, 4, and 12, which are all related to personalization, some participants stated they did
not want their activities to be tracked to the degree that [Product A] did. The privacy paradox [15]
might explain some of these findings. However, even if user acceptance of technologies that lever-
age personal data outweighs stated privacy concerns, it is important to align products and features
with users’ privacy preferences [55].

In our studies, however, each guideline was applied in only one way for that feature. This re-
search protocol can also help collect user perceptions about different ways to implement each
guideline. For example, there are different types of explanations [74] that can be used to apply
G11: MAKE CLEAR WHAT THE SYSTEM CAN Do. While we demonstrated that using this research
protocol produces useful insights, it is also important to consider its limitations.

5.2 Limitations

While previous research supports the validity of factorial surveys [84, 95], reading a scenario can-
not be an exact substitute for interacting with a product in the context of daily life and over a
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period of time. Future work is needed to further investigate how the results from this research
protocol compare to what we would see through actual use in a system in repeated sessions over
time. Using this research protocol; however, can provide insights into user perceptions when it is
too early in the planning process or too costly to develop and test an Al-powered prototype. Our
intention is that it will help with planning human-AlI interaction early in the design and develop-
ment process, but not replace other assessments of the users’ experience.

It is possible that the results of our studies would have been different if the vignettes described
different products or even different features of the same products. We attempted to mitigate this
limitation through careful vignette design, so that each vignette focuses specifically on a behavior
clearly corresponding to one of the HAI guidelines. We characterized the results of each study in
light of the specifics of the product in the vignette and in the context of existing research. Many
of our findings echoed insights from previous research, as pointed out at the end of each study’s
results section. This reinforces our results’ validity and transferability to other product types. In
terms of generalizability, in line with best practices for analyzing the validity and rigor of qual-
itative research [91], the question is not whether the results are generalizable, but whether the
insights we derived about each guideline can be transferred to different contexts—such as differ-
ent products or features. Participants’ responses about their perceptions frequently made reference
to principles that are by now universally accepted, such as the need to feel in control. This evidence
supports the transferability of the findings. The quantitative effect sizes provide further evidence,
but we do not have a statistical basis for claiming that, with other products or features, the effect
size results would be similar. Nonetheless, more in-depth studies on potential confounding factors
are needed to understand their impact.

Our studies considered the effects of guideline compliance from the average perspective of a
“universal user” Because we opted for breadth instead of depth, we did not investigate UX effects
for particular, well-defined, or intersectional groups [28]. Future research could probe deeper into
particular guidelines and identify the nuanced effects of their application on particular groups.
For example, people with different valences on the different cognitive facets explained in [23] are
likely to be served differently by different ways of implementing the same guideline.

5.3 Implications for Assessing Human-Al Interaction with Factorial Surveys

It is useful to weigh the pros and cons of using a vignette-based study to assess human-Al inter-
action. In comparison to user interviews, this vignette-based research protocol allows larger-scale
data collection with crowdsourcing, which mitigates potential biases in a small sample of users.
In fact, the sample size (N = 5) in the pilot study failed to detect the issues with the vignettes in
G2 and G16, which also suggests the importance of involving sufficient number of participants in
similar studies.

In comparison to case studies, the use of factorial surveys allows researchers to better control
the experiment variables and study a greater number of different human-Al interaction designs at
an early stage. Low-fidelity prototypes can be included in the vignettes, where the descriptions in
the vignettes can provide additional contexts about the Al systems’ behaviors.

Two key limitations of this research protocol are the lack of in-person interaction with the users
to collect more nuanced data about participants’ perceptions and the lack of realistic interaction
with an implemented system. In summary, when the goal is to validate human-Al interaction
designs at an early stage, or when the number of experiment variables exceeds the implementation
and deployment capacity, this research protocol should be considered and can be used to collect
evidence about user perceptions of multiple human-AI interaction designs.

Of course, when using factorial surveys for assessing human-AlI interaction, it is important to
pay attention to the limitations listed in Section 5.2. If the purpose is to validate a specific design
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for a specific feature and product, the issue of generalizability to other product types does not
apply, but it is important to use best practices in vignette creation so as not to influence partici-
pant responses, and to conduct manipulation checks to ensure participants can notice the differ-
ences among alternate designs. In addition to careful vignette design and conducting manipulation
checks, we offer four additional lessons learned from our studies:

First, using fictional product names and providing some real-world examples can mitigate the
influence of brand loyalty and biases from participants.

Second, determining an appropriate sample size with power analysis is important for the suc-
cessful detection of potential issues.

Third, randomizing the order of factors that are not independent variables, such as survey ques-
tions and fictional product names, can help mitigate unnecessary confounding.

Fourth, our methods also demonstrate the importance of data triangulation [26]. By comple-
menting quantitative data about product preference and UX effects with qualitative data, we were
able to access nuanced insights about the guidelines’ application, learn about potential pitfalls,
and explain the quantitative results. While it is possible to add to or change the set of UX metrics
we used, quantitative metrics alone risk missing potentially important information. Just because
a guideline does not show effects on some of the quantitative metrics, this does not mean it does
not impact UX. It is important to mitigate this limitation by collecting qualitative data. As the
results for G12: REMEMBER RECENT INTERACTIONS show, applying this guideline resulted in only
one small substantiated effect, but participants had a strong preference for [Product A] and their
open-ended answers commented on various UX aspects that our metrics did not capture. This is
one possible reason why the effect sizes for some of our studies were small or unsubstantiated.

5.4 Implications for Vignette Design

Our results suggest the importance of testing how a guideline is applied to a given product. There
are multiple ways of implementing each guideline, and different user groups might perceive the
same implementation differently. Therefore, it is indispensable to assess how potential users per-
ceive each proposed guideline implementation. We find that factorial surveys provide an efficient
way to collect data about guideline implementation and user preference. Because factorial surveys
rely so heavily on vignettes, we expand on lessons learned about how to write vignettes to use
with this research protocol.

To facilitate understanding, the vignettes we used elicited participants’ previous knowledge by
grounding the fictional products among well-known products in the same category: You are using
a presentation app similar to Microsoft PowerPoint, Google Slides, Apple Keynote to make slides for a
presentation.

To simulate interaction with the system over time, we used brief statements such as After us-
ing [Product Name] a few times, you notice it has learned your preferences and now features blue
designs prominently. Participants referred to this longitudinal aspect of interaction in their com-
ments, which suggests they noticed and considered it in their responses.

Conveying different levels of Al performance was a challenge, as we were not able to describe
how the specific feature performed sub-optimally without using negative language that would
influence respondents’ perceptions. Therefore, we used generic statements about product perfor-
mance. The results show that participants perceived the difference because they passed the manip-
ulation check for the Al performance variable (same as the attention check) and made reference
to product performance in their open-ended comments. However, the lack of interaction effects
with Al performance suggests that this statement might not be sufficient. The lived experience
and frustration of sub-optimal Al performance were not appropriately substituted for. Until future
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research creates a better way of simulating Al performance in vignettes, this variable could be
omitted when using this protocol.

The utility of randomizing the fictional product names was also confirmed by a few participants’
comments that showed their product preference was motivated by liking the product’s name. We
aimed to avoid referring to products using letters or numbers that would imply hierarchy. There-
fore, we picked two short, gender-neutral names from a list of small towns: Kelso and Ione. Multiple
participants expressed a preference for the name “Kelso,” which we had not anticipated, but had
mitigated through randomizing the product names.

Even though we used a systematic approach to vignette writing, following guidelines from the
literature [10], the pilot tests were indispensable. Despite our two rounds of pilot testing, there
were problems with manipulating the independent variable for Guidelines 2 and 16 that did not
surface in the pilot tests.

We hope these reflections on vignette design can help future researchers interested in using this
protocol for evaluating Al products or features.

Future research could collect more evidence about this method’s ecological validity. While pre-
vious studies have shown that factorial survey results can be used to predict behavior [84, 95], it
would be useful to prove this in the context of interacting with a computing system.

Furthermore, the vignettes we developed and tested artificially separated the guidelines, when,
during regular interaction with a product, they might interact. Future research could create strate-
gies for assessing the guidelines as they interact with each other.

6 CONCLUSION

In this work, we provided insights about how each of the 18 HAI guidelines [5] impacts product
preference, user perceptions, and UX metrics. The results provide nuanced design implications
for the application of each guideline and suggest pitfalls to avoid. The results also highlight deep
connections among some of the guidelines and suggest how they should be used and assessed in
practice.

The results also point to the importance of assessing user perceptions of planned human-Al
interactions early, before investing in engineering. The use of factorial surveys in a research pro-
tocol similar to the one we employed provides a feasible option for what has traditionally been a
challenge in the UX of AI[118]. UX researchers can draw upon our experience with using factorial
surveys to compare multiple design ideas.

The participants’ comments suggest that different ways of implementing the guidelines in dif-
ferent features and types of products, as well as different audience and interaction scenarios, could
lead to different user perceptions of the same product design. We hope that the research protocol
used in this work can be adapted and validated in future research and contribute to the design of
effective and responsible human-AlI interaction.

Future work is needed to consider how these guidelines interact with each other, as they are
not meant to be used alone. Also, future research could compare various ways of applying each
guideline and assess their effectiveness for specific, intersectional user groups.
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APPENDIX
A PARTICIPANT BACKGROUND AND INTERACTION EFFECTS
Table 2. Age of Participants
Al 18-24 25-34 35-44 45-54 55-64 65-74 Didn’t
Performance years old years old years old years old years old years old Respond
G1 Optimal 2 19 5 4 2 0 1
Sub-optimal 5 17 8 1 0 0 0
G3 Optimal 1 14 9 6 3 0 0
Sub-optimal 4 15 6 8 2 0 0
G4 Optimal 4 13 9 6 0 0 0
Sub-optimal 7 11 8 4 4 0 0
G5 Optimal 3 11 13 2 2 2 0
Sub-optimal 3 16 11 2 3 1 0
G6 Optimal 5 14 7 7 2 0 0
Sub-optimal 4 10 8 7 2 2 0
G7 Optimal 2 20 6 3 0 0 0
Sub-optimal 5 13 3 5 3 0 0
G8 Optimal 2 14 7 6 2 0 0
Sub-optimal 7 14 5 4 0 0 0
G9 Optimal 2 15 7 3 0 0 0
Sub-optimal 5 14 10 3 1 0 0
G10 Optimal 2 13 10 8 0 0 0
Sub-optimal 4 10 9 5 4 1 0
G11 Optimal 2 17 7 3 1 1 0
Sub-optimal 2 11 9 10 2 0 0
G12 Optimal 7 5 14 1 6 1 0
Sub-optimal 6 13 9 4 2 1 0
G13 Optimal 7 16 8 1 1 0 0
Sub-optimal 0 17 4 5 1 0 0
G14 Optimal 4 15 11 2 0 2 0
Sub-optimal 3 17 9 4 1 0 0
G15 Optimal 3 11 11 7 1 0 0
Sub-optimal 4 13 7 6 3 0 0
G17 Optimal 4 10 13 3 1 1 0
Sub-optimal 5 15 7 2 4 0 0
G18 Optimal 6 14 8 3 2 1 0
Sub-optimal 8 10 8 4 3 1 0
Total 128 437 266 139 58 14 1
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Table 3. Genders of the Participants
Al Performance | Woman | Man | Non-binary Gender—n'on— Prefer-not- Didn’t
conforming to-answer Respond
G1 Optimal 15 17 0 0 0 1
Sub-optimal 7 24 0 0 0 0
G3 Optimal 17 15 1 0 0 0
Sub-optimal 21 12 1 0 1 0
G4 Optimal 21 10 1 0 0 0
Sub-optimal 21 11 1 0 0 0
G5 Optimal 18 15 0 0 0 0
Sub-optimal 20 15 0 0 1 0
Gé6 Optimal 17 18 0 0 0 0
Sub-optimal 18 15 0 0 0 0
G7 Optimal 11 20 0 0 0 0
Sub-optimal 18 11 0 0 0 0
G8 Optimal 6 25 0 0 0 0
Sub-optimal 15 14 1 0 0 0
G9 Optimal 11 16 0 0 0 0
Sub-optimal 20 13 0 0 0 0
G10 Optimal 20 12 0 0 0 0
Sub-optimal 22 11 0 0 0 0
G11 Optimal 14 17 0 0 0 0
Sub-optimal 14 20 0 0 0 0
G12 Optimal 20 14 0 0 0 0
Sub-optimal 21 13 0 0 0 0
G13 Optimal 14 18 0 0 0 0
Sub-optimal 15 12 0 0 0 0
G14 Optimal 17 17 0 0 0 0
Sub-optimal 19 15 0 0 0 0
G15 Optimal 23 10 0 0 0 0
Sub-optimal 15 18 0 0 0 0
G17 Optimal 16 15 0 0 0 0
Sub-optimal 17 16 0 0 0 0
G138 Optimal 18 15 0 0 0 0
Sub-optimal 18 14 2 0 0 0
Total 539 488 8 5 2 1
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Table 4. Attitude Towards Al Question: How Much do you Support or Oppose the Development of Al?

Strongly Somewhat Neither Somewhat Strongly Didn’t Average
Al Performance oppose oppose (2) support nor support (4) support Respond Rating
) oppose (3) ®)
G1 Optimal 0 2 6 9 15 1 4.16
Sub-optimal 0 1 4 12 14 0 4.26
G3 Optimal 0 3 4 10 16 0 4.18
Sub-optimal 0 1 3 18 13 0 4.23
G4 Optimal 0 1 4 6 21 0 4.47
Sub-optimal 0 4 4 16 10 0 3.94
G5 Optimal 0 0 3 18 12 0 4.27
Sub-optimal 1 3 2 19 11 0 4
G6 Optimal 2 2 3 11 17 0 4.11
Sub-optimal 1 2 3 14 13 0 4.09
G7 Optimal 1 2 1 14 13 0 4.16
Sub-optimal 2 3 1 16 7 0 3.79
G8 Optimal 0 5 2 11 13 0 4.03
Sub-optimal 0 0 6 11 13 0 4.23
G9 Optimal 1 1 4 12 9 0 4
Sub-optimal 3 0 4 11 15 0 4.06
G10 Optimal 0 2 7 16 8 0 3.91
Sub-optimal 1 0 0 15 17 0 4.42
G11 Optimal 1 4 1 14 11 0 3.97
Sub-optimal 0 2 2 13 17 0 4.32
G12 Optimal 2 1 3 12 16 0 4.15
Sub-optimal 0 2 4 10 19 0 4.31
G13 Optimal 0 1 2 16 14 0 43
Sub-optimal 0 2 1 13 11 0 4.22
G14 Optimal 0 3 1 14 15 1 4.24
Sub-optimal 1 2 4 15 12 0 4.03
G15 Optimal 0 2 4 18 9 0 4.03
Sub-optimal 1 3 2 11 16 0 4.15
G17 Optimal 1 3 4 15 9 0 3.88
Sub-optimal 0 3 7 13 10 0 3.91
G18 Optimal 0 5 2 14 12 1 4
Sub-optimal 1 2 3 18 9 1 3.97
Total 19 67 101 435 417 4 4.12
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Table 5. Attitude Towards Al: Do you Think that Society Will Become Better or Worse from
Increased Automation and Al?
Al Performance Much Worse Won’t Better Much Didn’t Average
worse (1) (2) change (3) (4) better (5) Respond Rating
G1 Optimal 0 4 5 18 5 1 3.75
Sub-optimal 0 4 1 23 3 0 3.81
G3 Optimal 1 3 5 19 5 0 3.73
Sub-optimal 0 6 3 22 4 0 3.69
G4 Optimal 0 3 2 21 6 0 3.94
Sub-optimal 0 8 5 19 2 0 3.44
G5 Optimal 1 3 3 21 5 0 3.79
Sub-optimal 1 2 9 20 4 0 3.67
G6 Optimal 0 6 6 19 4 0 3.60
Sub-optimal 0 7 4 18 4 0 3.58
G7 Optimal 1 4 2 23 1 0 3.61
Sub-optimal 3 4 2 19 1 0 3.38
G8 Optimal 1 5 3 15 7 0 3.71
Sub-optimal 0 4 3 16 7 0 3.87
G9 Optimal 1 5 3 13 5 0 3.59
Sub-optimal 2 2 6 19 4 0 3.64
G10 Optimal 2 6 8 14 3 0 3.30
Sub-optimal 2 5 4 20 2 0 3.45
G11 Optimal 3 4 3 19 2 0 3.42
Sub-optimal 1 4 4 22 3 0 3.65
G12 Optimal 2 2 6 19 5 0 3.68
Sub-optimal 2 6 4 17 6 0 3.54
G13 Optimal 1 2 3 23 4 0 3.82
Sub-optimal 1 2 6 14 4 0 3.67
G14 Optimal 0 4 3 21 6 0 3.85
Sub-optimal 1 4 6 18 5 0 3.65
G15 Optimal 0 4 8 20 1 0 3.55
Sub-optimal 0 2 3 21 7 0 4.00
G17 Optimal 3 6 5 16 2 0 3.25
Sub-optimal 0 7 4 18 4 0 3.58
G18 Optimal 0 5 3 23 3 0 3.71
Sub-optimal 0 4 8 18 4 0 3.65
Total 29 137 140 608 128 1 3.65
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Table 6. Interaction Effects for Each Dependent Variable in Each Factorial Survey, Measured in F and
P-value, and Generalized Eta-squared

DV Stat G1 G3 G4 G5 G6 G7 G8 GY G10 G11 G12 G13 G14 G15 G17 G18
F 2.19 0.01 0.97 0.12 1.58 0.71 1.32 0.87 0.23 0.61 0.29 3.82 0.67 0.40 0.02 0.67
Control P 0.14 0.93 0.33 0.73 0.21 0.40 0.26 0.36 0.63 0.44 0.59 0.06 0.41 0.53 0.90 0.42

ges 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
F 0.30 0.00 2.05 0.08 0.05 0.62 0.24 0.36 0.03 0.07 0.93 0.09 0.01 4.99 0.10 0.31
Inadequate P 0.59 0.97 0.16 0.77 0.83 0.44 0.63 0.55 0.87 0.79 0.34 0.76 0.92 0.03 0.75 0.58
ges 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
F 1.61 2.61 3.87 0.23 0.16 0.11 0.01 2.65 0.01 0.21 0.12 0.18 0.62 0.29 1.40 2.89
Productive P 0.21 0.11 0.05 0.63 0.69 0.74 0.91 0.11 0.94 0.65 0.73 0.68 0.43 0.59 0.24 0.09
ges 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
F 0.63 1.66 0.08 0.04 0.06 0.29 0.00 0.00 1.80 2.76 1.24 4.36 1.01 3.41 0.72 0.11
Secure P 0.43 0.20 0.78 0.84 0.81 0.59 1.00 1.00 0.18 0.10 0.27 0.04 0.32 0.07 0.40 0.74
ges 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.03 0.00 0.01 0.00 0.00
F 0.04 0.03 0.01 0.01 0.57 112 0.88 0.33 110 3.50 0.00 0.62 0.78 1.21 0.61 0.41
Uncertain p 0.85 0.86 0.92 0.91 0.45 0.30 0.35 0.57 0.30 0.07 0.96 0.44 0.38 0.28 0.44 0.53
ges 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00
F 1.03 0.09 0.40 1.22 0.46 0.00 0.73 131 1.24 4.61 0.01 0.01 0.36 0.05 0.02 3.85
Trust P 0.32 0.77 0.53 0.27 0.50 0.99 0.40 0.26 0.27 0.04 0.92 0.94 0.55 0.82 0.90 0.05
ges 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.01
F 0.22 0.55 0.14 0.34 0.00 1.08 0.12 2.58 0.95 2.35 3.08 0.00 1.94 4.25 0.81 0.03
Reliability P 0.64 0.46 0.71 0.56 0.99 0.30 0.73 0.11 0.33 0.13 0.08 0.99 0.17 0.04 0.37 0.86
ges 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.00
F 0.04 0.03 0.75 1.42 0.02 0.08 0.49 0.08 0.31 0.72 1.34 0.91 0.54 0.77 0.02 0.07
Suspicion P 0.85 0.87 0.39 0.24 0.88 0.78 0.49 0.78 0.58 0.40 0.25 0.34 0.47 0.38 0.89 0.80
ges 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
F 1.43 0.51 0.01 0.01 2.16 0.03 0.04 0.20 2.06 4.72 0.19 0.78 0.02 0.12 0.48 0.27
Harmful P 0.24 0.48 0.94 0.91 0.15 0.87 0.84 0.66 0.16 0.03 0.67 0.38 0.87 0.74 0.49 0.61
ges 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
F 151 0.03 0.31 1.90 0.01 0.22 0.33 2.40 170 0.48 0.07 0.12 0.41 0.62 3.41 2.07
Performance p 0.22 0.87 0.58 0.17 0.92 0.64 0.57 0.13 0.20 0.49 0.79 0.73 0.53 0.43 0.07 0.15
ges 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01
F 1.36 0.01 0.72 1.25 1.93 1.14 2.20 3.10 0.43 0.02 0.01 2.43 0.27 1.04 0.36 135
Useful P 0.25 0.93 0.40 0.27 0.17 0.29 0.14 0.08 0.51 0.90 0.93 0.12 0.60 0.31 0.55 0.25
ges 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.02 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00
F 0.29 0.50 0.39 0.00 0.03 0.91 0.71 1.54 2.34 3.91 0.42 0.72 0.20 0.00 0.01 1.21
NPS P 0.59 0.48 0.53 0.99 0.86 0.34 0.40 0.22 0.13 0.05 0.52 0.40 0.65 0.95 0.94 0.28
ges 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
F 1.46 0.36 0.63 0.17 0.00 0.09 0.73 0.21 0.03 172 0.01 5.06 2.58 1.35 0.31 0.02
BI P 0.23 0.55 0.43 0.68 0.95 0.77 0.40 0.65 0.85 0.19 0.94 0.03 0.11 0.25 0.58 0.90
ges 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.01 0.01 0.00 0.00

Cells with value 0.00 are values <0.005. P-values < 0.05 are bolded, and the corresponding generalized eta-squared values
are highlighted with colors indicating the effect sizes ( unsubstantiated , small , - and -).
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