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Generating actionable algorithmic recourse requires understanding each user’s preferences. Users provide
their relevant information, and the system uses it to generate recourse that can be easily followed by individual
users. To gain insight into users’ perceptions and experiences of this novel form of interaction, we developed
a prototype that enables users to provide the required information for algorithmic recourse customization.
With the prototype, we conducted a user study where participants customized the recourse. Through both
quantitative and qualitative analysis, we found that: (1) repetitive user-Al interaction not only enables users
to customize the recourse but also explore other possibilities, (2) users prefer recourse customization method
that offers high controllability and understandability, and (3) degree of customization users want depends on
various factors. With these findings, we discuss the implications for systems that aim to provide actionable
algorithmic recourse in real-life situations.
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1 Introduction

With the increasing use of machine learning (ML) models to make high-stakes decisions that can
have a significant impact on individuals’ lives, there has been a growing interest in algorithmic
recourse. Algorithmic recourse aims to suggest possible actions that individuals can take to make ML
models produce a desired outcome. Recent approaches to generating recourse involve generating
counterfactual explanations (CE). CE aims to provide what-if scenarios: what minimal changes
in the input could have resulted in the ML model making different decisions. CE will inform a
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person whose loan request has been denied that “if your income were $1000 higher than it is now,
your loan request could have been accepted.” Such suggested changes translate into a set of actions
that can be taken by the recipients (e.g., “if you can increase your income from $10,000 to $11,000,
then your loan request can be accepted”), thereby becoming an algorithmic recourse.

For this approach to be useful, it is essential for the suggested actions to be actionable. That is,
users should be able to easily execute those actions [28]. For example, suggesting that a person
needs to increase his income by $10,000 when the maximum amount he can increase is $100 is
not useful at all. The main issue with generating actionable recourse is defining what is actionable
for each user, as the concept of actionability ultimately depends on individual users. The cost
of executing the same actions will differ between users and may even depend on the situations
they are in [5]. This makes it almost impossible to use a one-size-fits-all approach to provide
actionable recourse to all users [47]. Thus, it is mandatory to elicit users’ different preferences and
apply them to the recourse generation process [5, 47, 54]. To support users’ preference elicitation,
researchers began to apply interactive explainable AI (XAI) to generate algorithmic recourse.
Through iterative user—Al interaction, users configure their preferences and the system provides
personalized recourses based on the information provided. In many cases, users express their
preferences by providing two types of actionability constraints: action constraints that define a
set of actions that can be executed by individual users and priority constraints that define the
cost function that measures the difficulty of executing certain actions. Going back to the previous
scenario of a loan request, users could provide action constraints by notifying the system that “I
can’t increase my income by more than $500” or “It’s impossible for me to get a higher credit rating
as of now.” On the other hand, they could provide priority constraint by comparing the difficulty of
different actions, such as “Increasing my income is slightly easier for me than improving my credit
ratings.” To facilitate interaction between users and Al, it is important to design a user interface
that helps users accurately express their preferences.

With the increasingly important role of Alin user interfaces, the human-computer interaction
(HCI) communities have emphasized the necessity of understanding user experience with those
Al interfaces from novel viewpoints [18, 38, 53]. Recent studies have shown that understanding
diverse aspects of user-Al interaction provides a new perspective on how to meet the actual needs
of users when it comes to Al interfaces [7, 33, 46, 57]. In light of this, designing interfaces for
interactive algorithmic recourse customization requires understanding and analyzing how users
utilize various actionability constraints to elicit their preferences, as well as how users perceive
and experience the interactive recourse customization.

This article serves as a preliminary exploration of interactive recourse customization, focusing
on the user aspect of this new interaction. Specifically, we aim to investigate how users’ perceived
workload is affected by interactive algorithmic recourse customization, as well as their perception
and experience of this customization. For this purpose, we designed a prototype to simulate
algorithmic recourse customization within the context of a loan application. As an applicant whose
loan request has been rejected, users interact with the system by providing action and priority
constraints. In turn, the system generates algorithmic recourses based on those constraints. With
the prototype, we conducted a user study using both qualitative and quantitative approaches. The
results of this study showed that:

—Users perceive the interaction as a necessary feature for not only customizing recourse but
also exploring other possible recourses.

—Users prefer and find it less demanding to provide action constraints rather than priority
constraints. This is because action constraints are perceived to be more controllable and
understandable in the process of customizing recourses.
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—While providing diverse actionability constraints helps users find useful recourse, users might
not always perceive them as useful or necessary.

Based on these findings, we discuss their implications for designing Al interfaces that aim to
provide actionable guidance using algorithmic recourse.
Our main contributions are as follows:

—We proposed users’ workload as a necessary criterion to be considered while evaluating
interactive algorithmic recourse customization.

—Through both quantitative and qualitative analysis, we observed and analyzed the process
of interactive algorithmic recourse customization and discovered intriguing aspects of this
user—Al interaction.

—We discussed the potential implications of designing interactive algorithmic recourse cus-
tomization interfaces, which would allow users to easily and effectively configure their
preferences and receive well-customized recourses.

2 Background and Related Works

In this section, we provide background on algorithmic recourse, focusing on (1) its generation, (2)
proposed approaches for generating actionable algorithmic recourse, and (3) the use of interactive
factors to support the generation of actionable algorithmic recourse. Furthermore, we will introduce
why interaction has been emphasized in XAl and discuss the emerging problems in interactive XAI.

2.1 Algorithmic Recourse

Algorithmic recourse, which refers to a set of actions that can reverse the decisions made by
ML models, has gained attention due to its ability to assist users in determining what steps to
take in response to the model’s decision. Starting from Wachter et al. [56], who first formulated
the problem of generating recourse as an optimization problem, different works have proposed
generating recourse by finding CE. The main idea is to identify a set of counterfactual instances such
that (1) are close to the input instance and (2) ML model makes a different decision for them than it
did for the input instance. Change of features suggested by the CE then becomes the algorithmic
recourse. Keys to generating CE are the underlying cost functions, which determine the level of
difficulty for users to successfully execute certain actions and the candidate pools of counterfactual
instances from which the CE are searched.

The central issue in generating a recourse is creating a useful recourse. This requires the recourse
to not only propose minimal changes but also suggest a set of actions that the recipient can execute.
In other words, the recourses should be actionable to users. To generate more actionable recourse,
researchers have proposed several approaches, such as selecting actual data instances as CEs [40, 61],
identifying likely changes in features by referring to the distribution of the data [24], choosing
CEs that are close to pre-generated data prototypes [51], categorizing features based on their
actionability [27, 50], and restricting how features can change [26]. It has even been suggested to
generate diverse CEs [37, 42] to increase the likelihood of the generated recourses being actionable.

However, actionability is a concept that depends entirely on individual users [29, 48, 55]. An
action that is executable for the majority of users might not be for some individuals, and the concept
of “minimal” change will also vary among individual users. Thus, generating an actionable recourse
requires capturing users’ individual preferences for executing different actions and applying them to
the recourse generation process. Researchers turned to interactive XAl to solve this issue. Systems
allow users to customize the two most influential factors in algorithmic recourse generation: the
cost function and a set of executable actions. Users provide constraints such as the actions they
can execute in their current situation (i.e., action constraint) [13, 45, 59] and even the difficulty of
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executing those actions (i.e., priority constraint) [37]. The system generates a CE based on the user’s
actions, taking into account the difficulties provided. To further support users in their interaction
with XAI for personalized recourse generation, recent works also make use of interactive visual
interfaces [11, 19].

Despite the proposal of various methods for customizing recourse, very few of them have
investigated how end-users utilize such functionalities to express their preferences. With the
widespread use of Al interfaces, HCI researchers emphasize the necessity of investigating the
user experience with these interfaces, understanding users’ needs, and designing user-centered
Al interfaces. In this study, we investigated how users utilize and perceive various actionability
constraints and how they affect users’ workload and overall experience. These findings will provide
a step towards designing user-centered interactive recourse customization interfaces.

2.2 Interactive XAl and Cognitive Workload

Recently, there has been a surge of calls from HCI communities to take a more user-centered
approach in XAI To make explanations more understandable and accessible, researchers sought
to draw insights from the field of social science on how people generate and utilize explanations.
They anticipated that users would desire explanations in a similar manner from XAI Millers’ paper
is one representative example of such works [36], where it is found that explanations are consumed
through interactions between the explainers and explainees. According to Miller, the explanation
is a two-stage interaction where the explainer diagnoses why an event has occurred and then
transfers their knowledge to the explainees in a way that answers explainee’s questions, rather than
a one-way process where the explainer simply transfers their knowledge. The theme of interaction
in XAI was further supported by the need for personalized explanations. Recent studies have
emphasized the importance of generating explanations that are tailored to the recipients’ specific
needs and the reasons behind their desire for an explanation [2, 3, 16, 47]. As a way to cater to
users’ various needs for explainability, researchers have proposed interaction between the user and
the system as a method for personalizing explanations. Allowing users to guide and customize the
explanation through interaction enables them to generate explanations that satisfy their specific
explainability needs. This makes the explanations more understandable and consequently more
appealing to users [44, 47]. These findings have paved the way for interactive XA, where users and
the XAI system engage in bidirectional communication, where the XAI system provides a variety
of explanations to answer any queries made by users.

While the concept of interactivity has been well applied from XAI algorithms to interfaces,
there has been growing concern regarding the effect of users’ increased cognitive workload on
user-XAl interaction. In HCI communities, it has generally been agreed that the cognitive workload
of users caused by using an interface should be kept low or managed at an acceptable level to
improve usability [30]. When it comes to XAl the cognitive workload of users becomes more than
just a usability issue. Multiple studies have reported that users find popular XAI techniques and
the explanations generated by these techniques to be difficult to use and cognitively demanding
[33, 62]. Unfortunately, such a high cognitive workload has been associated with the problem
of XAl pitfalls—the unexpected negative effects of Al explanations—such as over-reliance [4, 39,
58, 63]. Researchers have suggested that due to the high cognitive workload required to understand
the explanation, people tend to superficially associate the ability to explain with trustworthiness
instead of engaging analytically with the explanation [9, 17]. In turn, the necessity of considering
users’ cognitive workload while designing XAI techniques, explanations, and methods of user-XAI
interaction is being emphasized [52].

Motivated by these prior works, our research aims to explore the process of users’ recourse
customization within the framework of interactive XAI. We measured not only users’ experience but
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Fig. 1. Prototype overview. During the interaction, users provide actionability constraints to the system. The
CE algorithm applies these constraints and utilizes the ML model’s predictions to generate personalized
actionable recourses for each user. In the process, the CE algorithm makes use of the data distribution (i.e.,
range of values for each feature) to (1) generate CEs within a plausible boundary and (2) calculate the inverse
median absolute deviation (MAD) to be used for feature-wise weight, which scales the changes made in
different features.

also their cognitive workload in utilizing different recourse customization techniques to understand
various aspects of recourse customization. Based on those findings, we propose design rationales
for user-centered and easy-to-use recourse customization interfaces.

3 Prototype Design

To understand the various aspects of algorithmic recourse customization, we developed a prototype
in which the user and the Al engage in continuous interaction to create personalized recourse.
When users provide their actionability constraints, the CE algorithm uses this information to
provide personalized recourse, which describes the set of actions that users need to take for the ML
model to make different decisions. As for actionability constraints, we chose action and priority
constraints, which are the two most influential constraints in the CE generation process. These
constraints have been used by many previous researchers to customize algorithmic recourse [11, 13,
19, 37, 45, 59]. An overview of CE generation process done by the prototype is shown in Figure 1.

3.1 Algorithmic Recourse Generation

Our prototype generates algorithmic recourse using Diverse Counterfactual Explanations
(DiCE) [37]. DiCE is an optimization-based framework dedicated to generating diverse CE. For
each input instance, DiCE searches for CEs that (1) are close to the input instance, (2) have different
ML model predictions compared to the input instance, and (3) are as dissimilar to each other as
possible. Our prototype presents algorithmic recourse to users by incorporating changes suggested
by generated CEs. Just like any other CE generation algorithms, DiCE utilizes a cost function and a
candidate pool of counterfactual instances to generate a set of feature-wise changes (i.e., actions).
With an input instance, x, a pool of counterfactual instances, P, cost function, C and ML model, f,
DiCE performs the optimization process as follows:

find {p;} C Ps.t. f(p:) # f(x)
while minimizing Z C(x, p;) and maximizing the diversity between p;.

For diversity, DiCE utilizes the concept of “Diversity via Determinantal Point Processes” [37],
but the specifics will not be discussed here. As for the cost function of two data instances, DiCE
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measures the cost of actions required to move from one instance to the other based on the average
feature-wise difference between those instances. Specifically, for any instances x and y,

dcont dcat
1 1
D Whontlx? g1+ 2 3wl I % ), ()
p=1 cat p=1

C(x’ y) dcont

dcont and d.4; represent the number of continuous and categorical features, respectively. x” and
y? denote the p-th continuous or categorical feature values of x and y, while w” represents the
weight associated with each feature. Prototype sets default values of w” to be the inverse median
absolute deviation (MAD) of the feature in the dataset for continuous features and simply 1 for
categorical features. Using inverse MAD as the weight for continuous features was first suggested
by Wachter et al. [56] to control the difference of variability between feature values. Thus, with the
default weight, it assumes that users have a similar difficulty in changing feature values.

For recourse customization, our prototype allows users to configure two types of constraints.
Action constraints are used in our prototype to limit the search to only the actions that users can
execute. Our prototype allows users to provide action constraints in two ways. First, they can specify
that the values of certain features cannot change. For example, if a user states that they cannot
make changes to the loan grade, the prototype will only search through a set of counterfactual
instances that have the same loan grade as the user’s loan grade. Alternatively, they can provide
actionable ranges of values for each feature. If the user indicates that they can increase their annual
income by up to $200, the prototype will search within a set of instances where the difference
between the annual income of the instances and the user does not exceed $200.

Additionally, users can provide priority constraints that define the difficulty they face when
executing certain actions. For example, they might say, “It is almost impossible for me to change
my home ownership status” or “I could easily wait for another 2 years to increase my employment
length” Prototype receives these priority constraints in the form of feature-wise weights that affect
the cost function. Specifically, those weights act as feature-wise multiplicative factors in the cost
function, as shown in Equation (2). For example, if the user provides a weight of two for the annual
income, it doubles the cost of making changes to the annual income.

1 dcont 1 d(;at

1P P 1P p
Z w contwcont|xp - ypl + d Z w catwcatl(xp # yP) (2)
p=1 cat p=1

C(x,y) =

dcont

3.2 User Interface

While previous works have dealt with how to design the interface for algorithmic recourse cus-
tomization [11, 19], the customization methods were limited to restricting certain feature values
or providing actionable ranges for continuous features. As our prototype aims to enable users to
provide action and priority constraints for both continuous and categorical features, we have devel-
oped our own interface design to allow users to provide a wide range of actionability constraints.
Before designing our interface, we referred to works on algorithmic recourse and interactive ML to
come up with two design rationales that our interface should focus on.

R1 Detailed input and control. Researchers have shown that granting users control over Al in-
creases their satisfaction and acceptance of the system [22, 23, 41]. Furthermore, Smith-Renner
et al. showed that users prefer to provide detailed feedback on the decisions made by ML
models [46]. We designed our interface so that users can control the recourse customization
process by providing their constraints in a basic but detailed way.

R2 Showing diverse recourse. Previous works on recourse have emphasized the importance of
providing a diverse set of recourse to end-users [5, 37, 42]. Researchers argue that it will
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Fig. 2. Graphical user interface of the prototype. Users can provide feature-wise action (d and e) and priority
(c) constraints. On the bottom, user’s current status is shown (a) along with the generated recourse (b).

not only increase the chance of end-users finding more actionable recourse but also enable
them to compare proposed recourses and consider possible alternatives that may be more
actionable. Our interface displays multiple (up to three) recourses that match user-provided
constraints.

Based on these rationales, we implemented a prototype interface that allows users to check their
current status, provide appropriate constraints, and receive generated recourse. It allows users to
directly control the CE generation process by providing two types of constraints. Our user interface
can be divided into three parts.

— Applicant profile and generated recourse (Figure 2(a) and (b)): Profile information of the loan
applicants is displayed on the left side of the interface under the heading Current profile
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(Figure 2(a)). When participants provide actionability constraints, personalized recourses are
displayed on the right under the name of Proposals (Figure 2(b)). For each participant’s request,
our system generates and displays up to three personalized recourses (R2). Each proposal
contains a different set of feature changes that need to be made for the loan application to
be accepted. The interface only displays the features for which the values change in each
proposal, allowing participants to focus solely on the features that need to be changed.

— Priority constraints (Figure 2(c)): Users can provide priority constraints within the UI box
labeled FEATURES TO PRIORITIZE. To support users in providing detailed inputs (R1), we have
enabled users to configure the priorities of each feature. Users can provide feature-wise weights
or click a button to automatically set the weight to the highest value within the available
range. These feature-wise weights are directly applied to the cost function (Equation (2)).

— Action constraints (Figure 2(d) and (e)): Users can provide action constraints through the Ul
box labeled FEATURES TO FIX. Our prototype offers two functionalities for users to input
their action constraints (R1). Users can either click the buttons to prevent changes to certain
features or provide an actionable range for each feature. Users can provide minimum and/or
maximum values for each continuous feature (Figure 2(d)). On the other hand, for categorical
features, users can click the checkboxes to restrict the feature values that the system can use
when generating CE (Figure 2(e)). For the convenience of users, a list of all values for each
feature that users checked is shown under the column SELECTED OPTIONS.

4 User Study
4.1 Participants

We recruited 30 participants (26 males and four females) with a mean age of 27.17 and a stan-
dard deviation of 3.93 from our local institution. For the user study, we prepared a guideline
containing details of the experiment and a brief description of each functionality in the prototype.
Participants could refer to the guideline at any time during the user study and could also request
further clarification on any content in the document. Each experiment lasted approximately 1
hour and 30 minutes, including the post-hoc interview. We gave $10 to each participant as an
incentive.

4.2 Task and Dataset

User study was conducted based on a simulated task of loan application and recourse customization.
Participants played the roles of loan applicants whose loan requests had been rejected by the ML
model and were tasked with interacting with the system to find a useful recourse.

For this simulated task, we used the Lending Club dataset [1] as the basis for our user study
pipeline. The Lending Club dataset, provided by an online peer-to-peer lending company in the
United States, contains profile information of all loan applicants from 2007 to 2011 and indicates
whether they have defaulted on their loan. It consists of over 100 features that characterize each
applicant, and some of them require users’ expertise in the financial field to understand their
meaning. To simplify the interaction task, we consulted previous analyses on the LendingClub
dataset [14, 21, 49] and selected 8 features that have a significant impact on whether applicants
defaulted on their loans and are familiar with the general public.

—Employment year: Length of Employment in years

— Annual income: Annual income in dollars self-reported by the applicant

—Number of open credit accounts: Number of open credit lines in the applicant’s credit file
—Credit history: Length of time in months since the applicant’s credit line was opened
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Fig. 3. Flow of the user study. User study is composed of an introduction, main session, and semi-structured
interview. During the main session, participants underwent each of the four experimental conditions in a
random order. In each condition, they were introduced to the functionality of an accompanying interface
and tasked with finding a useful recourse as a simulated person whose loan request had been rejected.
Participants repeated the task twice for each condition. After each task, participants filled out a survey asking
for their assumptions and opinions toward the generated recourse and workload (measured on a Likert scale).
When participants underwent all four experimental conditions, a semi-structured interview was conducted.
During the interview, we asked for their perceptions and experiences of going through each condition and
using actionability constraints.

—Loan grade: Loan grade issued by Lending Club

—Home ownership: Applicant’s home ownership status
—Purpose: Purpose of borrowing the loan

—State of address: The state where the applicant currently resides

The ML model is responsible for predicting whether an applicant will default on their loan or not.
To be specific, the system receives data instances containing eight selected features (applicant’s
profile information) and produces the expected status of their loan (whether it is defaulted or not).
For the architecture and training process of the ML model, we referred to Mothilal et al. [37]. The
ML model consists of a single hidden layer with only five neurons. Increasing the number of layers
and neurons has worsened the model’s generalization ability. To address the issue of imbalanced
labels in the dataset, we employed the SMOTE algorithm [10] to oversample data instances in the
minority group. For training, we divided the dataset into training and validation sets using an
80:20 ratio.

4.3 Procedures

The study was conducted in a 2 X 2 within-subject design. We generated four experimental condi-
tions by combining factors of whether action and priority constraints were available in the user
interface—(action (A)/no action (N) constraints and priority (P)/no priority (N) constraints). These
four conditions are referred to as N-N, N-P, A-N, and A-P in the rest of the article. Participants
experienced all the conditions in a randomized order to reduce the bias caused by the sequence of
conditions.

During the user study, each participant underwent an introduction, main session, and semi-
structured interview (Figure 3). In the introduction phase, participants were introduced to their
tasks and the overall functionalities of the prototype. In the main session, participants went through
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Fig. 4. Flow of the survey. Criteria that are answered with Likert scales are indicated with an asterisk. Based
on whether participants were able to find a useful algorithmic recourse, they were guided to different parts
of the survey. In the end, participants all responded to questions asking for their acceptance of the generated
recourse, their cognitive workload during the interaction, and the usefulness of the provided interface. The
full survey is included in Appendix A.

the previously introduced experimental conditions in a randomized order. For each experimental
condition, user interfaces are composed differently. For all four conditions, both panel A and B
are present. Then, for conditions where participants are allowed to provide action (or priority)
constraints, panels D and E (C) are displayed alongside panels A and B, respectively. For example,
in the N-P condition, panels A, B, and C are displayed together. In the A-N condition, panels A, B,
D, and E are displayed together.

Within each condition, participants went through a series of steps, as shown in Figure 3. They
were first introduced with specific functionalities for each condition and demonstrations on how to
use them. At the beginning of each assumption step, participants were randomly assigned one of
the applicants’ profiles. We selected these profiles from the Lending Club dataset before conducting
the user study. These profiles belong to individuals who have defaulted on their loans. Participants
looked at the assigned profile of an applicant (Figure 2(a)) and imagined themselves as the applicant.
To support participants in better immersing themselves in the assigned applicant, we allowed them
to make any assumptions about their current situation as long as they were valid and did not
contradict the information provided in the assigned profile.

During the interaction step, participants could provide the system with available constraints to
generate useful recourse. For conditions labeled as “A,” participants could provide action constraints
(Figure 2(d) and (e)), while for conditions labeled as “P,” they could provide priority constraints
(Figure 2(c)). For the N-N condition, participants were unable to provide any constraints and could
only receive recourse from the system without any interaction. The interaction ended either when
participants were able to find a useful recourse or when they interacted with the prototype more
than five times. We intentionally limited the maximum number of interactions because our goal
was to encourage participants to actively engage in the task by imposing meaningful actionability
constraints. Furthermore, the prototype took a maximum of 90 seconds to generate recourses for
a single interaction. Letting participants interact with the system indefinitely may prolong the
duration of the user study, potentially leading them to abandon the interaction.

After the interactions were completed, participants filled out a survey based on their interactions.
The overall flow of the survey is shown in Figure 4. Depending on the outcome of their interaction,
participants were directed to different sections of the survey. If they found a useful recourse, they
were asked to rate its actionability and their satisfaction with the recourse based on the assumptions
they made, along with their reasons. If not, they were asked to write down the assumptions they
made and explain why they were not satisfied with the generated recourses. Furthermore, since
participants were limited to a maximum of five interactions, we inquired about their opinions
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on whether the system would eventually produce a useful recourse if the interactions were to
continue. In the end, all participants were asked to provide their ratings on perceived workload
and usefulness. All ratings were given using a 7-point Likert scale. For the purpose of analysis, we
recorded the screen and interaction logs for each participant. Participants repeated the process
of finding useful recourse twice for each experimental condition, each with a different assigned
profile.

Furthermore, we conducted a qualitative study using the think-aloud method and post hoc
semi-structured interviews. During the experiment, we utilized the think-aloud method [32], in
which participants were encouraged to openly express their opinions regarding the experimental
conditions they encountered. In the post hoc interview, we asked participants about their thoughts
and impressions on each condition and actionability constraints. During the interview, we provided
the recorded screens and voices from the experiment if they requested to refer to them. All interviews
were audio-recorded.

4.4 Evaluation Metrics

To examine the impact of recourse customization techniques on users’ ability to find actionable
recourse and their overall experience, we developed a survey for participants to complete following
a series of interactions. We referred to evaluation metrics in [44] that have been specifically
proposed to evaluate explanation personalization methods. Out of them, we chose to primarily
focus on participants’ workload, inspired by previous works on interactive XAl Within the survey,
participants were asked to fill out the following:

Participants’ acceptance of generated recourse. The purpose of customizing recourse customization
is to provide users with actionable recourse that are acceptable to the recipients. To evaluate
participants’ acceptance, we asked them to assess the perceived actionability of the generated
recourse (Can you follow the guide suggested by the recourse? How feasible is it to execute?) and
the perceived satisfaction towards the generated recourse (Are you satisfied with the generated
recourse?).

Participants’ workload. User-led customization of recourse naturally is accompanied by an in-
creased workload for them. To measure participants’ workload in customizing recourse, we selected
a subset of criteria from the NASA-TLX questionnaire [20]. We selected four criteria that are
relevant to our study. These include mental demand (i.e., level of mental activity in interacting with
the system), performance (i.e., degree of how effectively the participants were able to influence the
recourse generation process?), effort (i.e., level of overall effort exerted to interact with the system,
which includes not only mental demand but also cognitive energy or level of concentration) and
frustration (i.e., level of irritation, stress, annoyance in interacting with the system).

Usefulness. Unlike other research on CE or algorithmic recourse, which focuses on the usefulness
of the output (i.e., explanation or recourse), this study examines the usefulness of combinations
of actionability constraints for customizing the recourse. Usefulness consists of a single measure
to obtain a rough idea of how participants perceive the provided condition, and a more detailed
survey about the usefulness is conducted in the semi-structured interview.

In this work, we did not use any other explainability-related metrics for the evaluation, such as
the users’ understandability of the model or users’ trust towards the model. This is because our
work focuses on algorithmic recourse, which aims to recommend an actionable set of actions rather
than explaining the decision-making process of the ML model to users.

4.5 Analysis Method

4.5.1 Quantitative Analysis. For quantitative analysis, we utilized two analysis methods. Through
Cumulative Link Mixed Model (CLMM) analysis and post-hoc pairwise comparison, we aimed
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to investigate whether there is a significant difference in participants’ responses to survey questions
between each experimental condition. Furthermore, by analyzing participants’ interaction logs,
we aimed to investigate how participants’ interactions differed between experimental conditions
and how different actionability constraints affected participants’ interaction with the prototype. In
this section, we focus on analysis methods specifically for CLMM analysis and post hoc pairwise
comparisons based on CLMM analysis.

We investigated the effect of customization techniques on each criterion in the questionnaire.
We chose CLMM as our main method of analysis because of not only that the collected data
did not follow normal distribution, but also due to the characteristics of our user study. Our
user study requires participants to provide multiple responses within a single condition (even
though the assumptions are different), which possibly violates the assumption of independent
observation. Furthermore, with a simulated task and accompanied restrictions on the number of
interactions, there could be other external factors affecting participants’ responses, such as the
fact that participants engage in the interaction as virtual entities or even simply the number of
interactions they did. By adding these factors to the random variables of CLMM analysis, we sought
to purely focus on the effect of diverse actionability constraints on participant’s workload and
experiences.

With the R package ordinal [12], CLMM models were constructed for each criterion in the
questionnaire. Fixed effects factors included the provision of action and priority constraints, as well
as their interaction, to account for the impact of individual conditions on users’ perceptions of the
interaction. Random factors include the unique identifier given to each participant to account for
the possible effect of individual participants interacting with the system not as themselves but as
simulated individuals. We also included the number of interactions conducted by each participant
and whether they found useful recourses as the random factors. As previously mentioned, our
prototype takes a maximum of 90 seconds to generate a set of recourse plans. It has been noted that
such latencies, even on a very small scale, affect the user experience of visual analytics applications
[25, 34]. Furthermore, restrictions on the number of possible interactions have led to instances
where participants could not find a satisfactory recourse plan. Because the participants’ task was
to find a satisfactory recourse plan, their response could have been negatively affected if they
were unable to find one. To mitigate the potential impact of these factors, we incorporated two
previously mentioned variables as random factors to account for the potential influence of our
interface on user experience.

Each CLMM model was initially constructed with a maximal random effects structure [6, 35]. If a
model did not converge or the likelihood test [8] revealed that it was not statistically significant, we
employed a model selection process, where we systematically removed each random effect factor
based on their predictive power. After constructing the model, we conducted a Tukey’s post hoc
pairwise comparison test using the R package Ismeans [31] to compare the participants’ responses
for each condition. Results of the model construction and post-hoc test are shown in Tables 1 and 2.

4.5.2 Qualitative Analysis. For qualitative analysis, we used an iterative inductive analysis
[43], consisting of three stages. We first transcribed the semi-structured interviews and partici-
pants’ comments from the think-aloud sessions verbatim. In the second stage, we analyzed the
acquired transcripts and identified approximately six to eight key observations per participant. These
observations effectively summarize their responses to each experimental condition and the process
of interactive recourse customization. Based on those observations, we extracted keywords that
are relevant to the observations. In the final stage, all extracted keywords were compared and
grouped into several themes related to participants’ usage of each actionability constraint, their
perception of different constraints, and their experiences with algorithmic recourse customization.
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Table 1. Effect of Action and Priority Constraints on Metrics

Actionability Satisfaction
Predictor Est. Std. Err. z Pr(>|z|) Est. Std. Err. z Pr(>|z])

Action(o) 1.2243 0.2434 5.030  <.001***  0.9615 0.2209 4352  <.001™**
Priority(o) 0.6495 0.2238 2.902 0.004** 0.4423 0.2096 2.110 0.035*
Action(o)

: Priority(o)

-1.1236  0.3306 —3.398 <.001"* -0.6172 0.3018 —2.045 0.041*

Mental demand Performance
Predictor Est. Std. Err. z Pr(>|z|) Est. Std. Err. z Pr(>|z])

Action(o) 0.3325 0.1964 1.793 0.091 1.2268 0.2052 5.979  <.001***
Priority(o) 0.8817 0.2042 4318 <.001*** 0.8215 0.1969 4.173 <.001***
Action(o)

: Priority(o)

-0.7613  0.2959 -2.573  0.010* —-0.1729 0.2690 —0.643 0.520

Effort Frustration
Predictor Est. Std. Err. z Pr(>|z|) Est. Std. Err. z Pr(>|z])

Action(o) 0.0937 0.1840 0.509 0.610 -0.7107 0.2274 -3.125 0.002**
Priority(o) 0.9644 0.1938 4976 <.001™™* 0.1738 0.2129 0.816 0.414
Action(o)

: Priority(o)

—0.4857 0.2693 —-1.804 0.071 0.0019 0.3061 0.006 0.995

Usefulness
Predictor Est. Std. Err. z Pr(>|z|)

Action(o) 1.5934 0.2136 7.460  <.001***
Priority(o) 1.1437 0.1992 5.742  <.001***
Action(o)

: Priority(o)

—-0.9034 0.2710 —-3.334 <.001™**

Est., estimate; Std. Err., standard error. Statistically significant results are reported with ***p < 0.001, **p < 0.01, and
*p < 0.05.

Each stage was performed by one author, and the analysis process has been discussed with the
others to determine whether the analysis performed at each stage appears biased or not.

5 Quantitative Analysis

Through the user study, we collected participants’ responses to the survey, screen recordings of
their interactions with our prototype, and their interaction logs. With CLMM analysis, we aim to
examine the effect of actionability constraints on participants’ acceptance of generated recourse,
perceived workload, and usefulness. Furthermore, we used log analysis to examine how various
actionability constraints impact participants in customizing the recourse. We have categorized our
findings into four themes. For the overall distribution of participants’ responses, please refer to
Figure 7 in Appendix B.

5.1 Effect of Recourse Customization

From post-hoc pairwise comparisons, we observed a clear benefit of providing any type of constraint.
Compared to the non-interaction condition, participants were able to find more actionable and
satisfactory recourse. Moreover, with the provision of actionability constraints, participants reported
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Table 2. Result of Post- Hoc Pairwise Comparison of Criteria between Conditions

Comparison 1 Comparison 2 Comparison 3
N-N: A-N N-N: N-P N-N: A-P
Criterion diff. z p diff. z p diff. z p

Actionability | 2.855 5.164 <.001°* 2.042 3913 <.001** 2.650 4.936 <.001***
Satisfaction 1.977 4.024 <.001*** 1.253 2.642 0.041* 1985 4.079 <.001***

Mental 1232 2749  0.031% 2.008 4403 <.001™* 1.717 3.894 <.001™**

demand
Performance | 1.908 4.623 <.001*** 1.335 3.337 0.005** 2.897 6.505 <.001***
Effort 0.618 1.568 0.397 1.850 4.473 <.001*** 1496 3.373 0.001**

Frustration |-1.007 -2.087  0.157 0.244  0.541 0949 -0.759 -1.621 0.367
Usefulness 3.157  7.101 <.001** 2521 5981 <.001*** 3.871 8.229 <.001***

Comparison 4 Comparison 5 Comparison 6
A-N:N-P A-N:A-P N-P: A-P
Criterion diff. z P diff. z p diff. z p

Actionability | —0.813 -2.105 0.152 —0.205 -0.535 0.950 0.608  1.570 0.396
Satisfaction |—0.734 —2.005 0.186 0.008  0.022 1.000 0.742  2.013 0.183

Mental 0.777  2.182 0.128 0.486  1.327 0.546 -0.291 -0.811 0.849

demand
Performance | —0.573 -1.620 0.367 0.989 2.645 0.041* 1562 4.133 <.001™**
Effort 1.231 3.483 0.003** 0.878 2.491 0.061 —-0.353 -0.999 0.750

Frustration 1.251 3.046  0.012* 0.248  0.609 0.929 -1.003 -2.49  0.061
Usefulness —0.636 —1.836  0.256 0.714  1.996 0.189 1350 3.718  0.011*

diff,, difference. Statistically significant results are reported with ***p < 0.001, **p < 0.01, and *p < 0.05. Compared
conditions are N-N, no actionability constraints are available; A-N, only action constraint is available; N-P, only priority
constraint is available; and A-P, both actionability constraints are available. diff., difference.

increased mental demand. But, on the other hand, we observed an improvement in the reported
level of performance and the usefulness of the interaction.

5.2 Providing Action Constraint Might Be Better Off to Users

In general, we observed that providing any type of actionability constraint led participants to gen-
erate actionable recourse better. This was indicated by the positive coefficients of both constraints
for performance and usefulness criteria in the CLMM analysis. However, for other metrics, we
observed that providing an action constraint was more beneficial for participants. Provision of
action constraints has been accompanied by decreased frustration, while priority constraints were
associated with increased mental demand and effort. Such a trend was also visible in pairwise
comparisons. In comparison 5 from Table 2, we observe that the level of effort and frustration was
higher for the N-P condition compared to the A-N condition with statistical significance. Further-
more, the perceived usefulness of interaction conditions increased significantly with the addition
of action constraint (comparison 6) but not with the addition of priority constraint (comparison 5).

Meanwhile, it is also interesting to see that despite the benefits of action constraint over priority
constraint, their effects on the quality of generated recourse were indistinguishable. Pairwise
comparison showed that there are no statistically significant differences between the actionability
and satisfaction of generated recourses in A-N and N-P conditions (comparison 4).

ACM Transactions on Computer-Human Interaction, Vol. 31, No. 3, Article 43. Publication date: August 2024.



User Perception and Experience of Interactive Algorithmic Recourse Customization 43:15

5.3 Effect of Providing Diverse Constraints

Provision of both types of constraints showed somewhat mixed effects on participants’ customiza-
tion of recourse. From the analysis of the interaction log, we found that participants were more
likely to find an actionable recourse when they provided both types of constraints. Specifically, the
success rates were 91.67% for the A-N condition, 90% for the N-P condition, and 95% for the A-P
condition. Additionally, participants were able to find these solutions with fewer interactions on
average, with 2.25 interactions for the A-N condition, 2.28 interactions for the N-P condition, and
2.12 interactions for the A-P condition.

Such a trend is also visible in pairwise comparisons, where participants’ self-reported level of
performance was higher for the A-P condition compared to conditions where they could only
provide one type of constraint (comparisons 5 and 6 in Table 2). It is also notable that this increased
level of performance was not accompanied by an increase in mental demand or effort, which could
have possibly been caused by more active participation. Furthermore, the usefulness of the A-P
condition was significantly different from the N-P condition. However, it should also be noted
that the quality of the generated recourse when participants provided diverse constraints was not
distinguishable with that of when participants provided one type of constraint (comparisons 5
and 6).

5.4 Change of User’s Interaction Pattern

One of the interesting findings from the previous analysis was that the difference in scores for
most of the criteria was not significant across the three experimental conditions where participants
were allowed to provide actionability constraints. To further explore the differences in participants’
perception of each actionability constraint, we analyzed how their usage of one constraint changed
when the other constraint became available. From the video recordings of the experiment, we
computed the average number of participants’ usages of the provided functionalities (two types of
buttons, range for action constraint, and weight for priority constraint) per interaction in three
experimental conditions. Then, we used CLMM analysis to determine whether the inclusion of one
type of actionability constraint had an impact on the average number of using functionalities of
existing constraint. Again, the participant ID was included as a random effect factor to account for
differences in individual usage patterns.

Figure 5 shows the average number of functionality usages for each condition. From the compar-
ison of the A-N condition and the A-P condition, the additional provision of priority constraints
had little to no effect on participants’ usage patterns of both functionalities of action constraints.
While there is a tendency to use less, the difference was not significant. On the other hand, the
provision of an action constraint resulted in participants using the functionalities of the priority
constraint much less. The average usage of button functionality per interactive trial decreased by
0.297 (p = 0.049), and the usage of weight functionality decreased by 1.19 (p = 0.003).

From further analysis, we found out that not only is their average number of priority constraint
usage different but also what they provide. Figure 6 shows how participants’ tendencies to provide
weights changed when they were able to provide action constraints. We can see that participants
began to assign smaller weights when action constraints became available. These results suggest not
only that participants prefer using action constraints but also how their purpose of using priority
constraints changes with the availability of action constraints.

6 Qualitative Analysis

From the qualitative analysis, our objective was to obtain a more comprehensive understanding
of participants’ thoughts and opinions in order to provide additional clarity of the quantitative
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analysis results. Specifically, we investigated participants’ perceptions of different actionability
constraints, as well as their experiences with interactive algorithmic recourse customization and
providing actionability constraints.

6.1 Users Expressed the Necessity of Interactive Factor in Recourse Customization

From the interview, 25 out of 30 participants emphasized the importance of interaction in cus-
tomizing the algorithmic recourse. Furthermore, 14 of the participants perceived interaction as a
necessary feature, regardless of how well a system can provide personalized recourse. They pointed
out that the system might not offer a perfectly personalized recourse because the system’s definition
of actionability might differ from their own standard of what is actionable. P16 also commented
that “Interaction is necessary because even when the system provides an actionable recourse, I
would still be curious and might not be confident whether it is the best option for me” They viewed
interaction as a tool not only for customization but also for exploring other possibilities. Some
participants expressed the need for interaction based on similar real-life scenarios. P18 stated,
“When you communicate with real bankers about the loans, you not only receive the proposals but
also have more interactive conversations with them. I believe that constant interaction with the
system should always be available.”

ACM Transactions on Computer-Human Interaction, Vol. 31, No. 3, Article 43. Publication date: August 2024.



User Perception and Experience of Interactive Algorithmic Recourse Customization 43:17

On the other hand, some participants mentioned that the need for interaction varies depending
on different conditions. The most frequently mentioned condition was the level of personalization
that the system can achieve. P8 and P13 mentioned, “If the system can provide highly personalized
and actionable recourses, extra interaction won’t be necessary” Some participants focused on
the diversity of the generated CEs. P29 said, “If the system can show me all the possible pro-
posals, I just need to choose one from them. In that case, the lack of interaction won’t be so
inconvenient.”

6.2 Action Constraint Is More Intuitive, Priority Is Easier to Use

Through the qualitative study, we found that participants perceived two actionability constraints
quite differently in terms of their understandability and simplicity. Within their responses, we
discovered a general trend where many participants considered action constraint to be more
intuitive. Out of 18 participants who discussed the understandability of actionability constraints,
12 mentioned that action constraints are easier to understand. Specifically, they found the process
of users providing their capabilities and Al generating actionable recourse based on them to be
straightforward. P13 further compared customizing recourse using action constraints to a user’s
typical interaction with others. He said, “In fact, when speaking to another person, especially a
banker, you would indicate that you can adjust certain features by a specific amount. So this (A-N
condition) seems more similar to the style of interaction when one tries to provide information to
another person.”

In terms of the priority constraint, 16 participants mentioned that it is not very intuitive. Their
primary concern was how the system interprets the priorities provided by participants. P13 pointed
out that “Even though users provide the weights, accurately converting users’ subjective opinions
into quantitative values is not possible.... Because of that, I questioned whether I could obtain the
desired answer while interacting with the system.” Furthermore, a small number of participants
(six in total) stated that they did not understand the concept of providing priority constraints, even
though they were able to provide them in other formats.

Meanwhile, 11 participants have favoured priority constraints for the simplicity it provides in
the interaction. Unlike action constraints, which require participants to provide detailed input
regarding their capabilities, they can easily express their preferences using simple weights and
priority constraints. P3 commented that, “(When comparing the A-N and N-P conditions) While
quality of the proposed recourses was similar, the N-P condition was much easier to provide input
for because I didn’t have to get into the details. I just had to demonstrate the challenge of modifying
specific features using numerical values” P17 further mentioned that this type of simple interaction
is similar to how he envisions interacting with an Al Users would only need to provide their
simplified preferences, and the Al would then offer actionable recourse.

6.3 Users Look for More Controllability in Recourse Customization

Another difference between the two constraints was the level of control that the participants had,
which was noted by 25 out of 30 participants. Out of them, 13 participants commented that by
providing action constraints, they can infer that the system will provide recourses using the action
within the specified ranges. The property of action constraint provides participants with greater
control over the customization process of algorithmic recourses, offering a significant advantage.
P6 said, “(With action constraints) I could easily specify the range I considered, and I felt that the
generated recourses were highly customized for my purpose. Moreover, if the generated recourses
contain changes in features that I didn’t consider, I can adjust the range for those features to make
the recourses more personalized.”
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On the other hand, the majority of participants (23 out of 30) tend to question how the priority
constraints affect the system’s process of generating recourse. They mentioned that the issue
with the priority constraint is the inability to restrict how the feature values will be changed. P29
mentioned, “There were cases when I assigned a weight of 10 to certain features, but the system
still changed the feature’s value in the proposal. It feels really vague for users to understand what
weights actually do. It was certainly helpful to some extent, but I couldn’t modify the content of
the proposals as I could in the A-N condition.” The limited controllability of the priority constraint
seemed to place the burden on the participants. P15 said, “I felt that there was a gap between the
weights I had considered and the system’s concept.... I could have interacted more to bridge the
gap, but it would require additional effort”

The difference in controllability was further caused by intrinsic differences in functionalities
resulting from two constraints. A few participants (five in total) pointed out that using priority
constraints alone does not allow the system to prevent changes to certain feature values. However,
it is possible to achieve this by using action constraints. P16 commented, “I preferred using action
constraints because they allowed me to restrict the potential ranges for feature values and prevent
certain feature values from being altered. Of course, I could replicate these functionalities by
assigning appropriate weights, but I felt that users have more degree of freedom as we could simply
lock the features from changing”

6.4 Diverse Preference Configuration Might Not Always Be Needed

Participants had varying opinions on the necessity and usefulness of providing diverse actionability
constraints. Many participants (15 out of 30) explicitly stated that they preferred the interaction
when they could provide both types of actionability constraints. They frequently mentioned that
they could better understand how the system works when they used various functionalities. P28
mentioned that a diverse preference configuration can give users a greater sense of predictabil-
ity. He said, “Regardless of the generated recourse, providing weights will be important. If we
only provide action constraints, we cannot be certain how the system will behave within those
ranges. By assigning weights, we can instruct the system on which features to prioritize, which
is quite convenient.” Few have emphasized the importance of offering users with a variety of
options to elicit their preferences. P10 said, “To be fair, I don’t really like weight systems, but
providing priority in the system would be a decent choice. Users will decide whether or not to
use them”

Meanwhile, 8 out of 30 participants perceived diverse preference configuration to be unnecessary.
They frequently mentioned that users experienced an increased burden due to having to provide
more inputs to the system. This has also been mentioned by those who prefer to provide diverse
preference configuration. P17 mentioned that while the A-P condition is most preferable, allowing
users to provide all the constraints is undesirable. Furthermore, as P4 pointed out, participants had
to consider more factors when configuring their preferences. They specifically needed to understand
how each constraint affects the recourse generation process. Participants mentioned that using
one type of actionability constraint is enough to customize the algorithmic recourse, given these
burdens. Usually, participants preferred action constraints over priority constraints because of their
lower intuitiveness. P20 said, “By providing only ranges, I know that the system will find a useful
recourse within the specified ranges. But when I used both priority and action constraints, I couldn’t
figure out how the system would generate recourse based on the given input” P3 further stated
that “The priority constraint feels like an additional input to the system, in addition to the action
constraint. In a situation where I have already stated what I am capable of, it seems redundant to
also provide my priorities”
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7 Discussion

In this section, we discuss the overall findings of this study along with the possible implications for
how to design user-centered interactive recourse customization. Lastly, we discuss the limitations
of this study.

7.1 Help Users to Efficiently Control the Recourse Customization Process

As we have seen during the qualitative research, users preferred an intuitive and controllable
method of recourse customization. The lack of intuitiveness led to users being confused about
how to use each constraint, and the lack of controllability made users frustrated because they felt
that they could not express their preferences as accurately as possible. In this regard, it would
be beneficial to assist users in interactive customizing recourse by improving its learnability and
reversibility to enhance the controllability and understandability of the recourse customization
process. By designing the interface to allow users to easily understand how their inputs affect the
customization process, users will be able to interactively customize and generate more actionable
recourse. This will also reduce the cognitive load on users, as they will spend less time trying to
figure out how to customize their preferences for more personalized results.

Specifically, we believe that significant improvements should come from priority constraints.
Users found the priority constraint to be non-intuitive and lacking in controllability. Priority
constraint could be designed in a more user-centered way to enhance usability in this aspect. For
example, rather than delving into the detailed handling of the cost function, users could simply
provide priorities in a much simpler manner. They could offer binary options for selecting features
to be changed or multi-level options where each level is labeled “very easy,” “easy,” and so on, as
demonstrated in Wang’s work [60]. It could even be an option for users not to provide priority
constraints and instead elicit them implicitly through repetitive interaction [15] if the controllability
of priority constraint cannot be guaranteed.

7.2 Encourage Users in Exploring and Comparing Diverse Algorithmic Recourse

While customizing the algorithmic recourse, we noticed that users were curious about whether
the generated recourse is the best option for them. They also expressed frustration when they
were not allowed to explore other options. Interestingly, they showed this tendency regardless of
the system’s ability to provide personalized recourse. In such a context, it would be advisable to
provide users with a diverse set of algorithmic recourses. This could be achieved by providing users
with either the entire set of available recourse, as demonstrated in [59] or by offering different
recourses upon their request. Providing users with a variety of algorithmic recourses will increase
the likelihood of generating actionable recourse [37] while also addressing users’ questions about
“What other actions can I take?” Furthermore, it should be emphasized that the ultimate goal of
exploration is for users to compare different recourses to find the optimal one for their needs. Thus,
the interface should be designed to assist users in comparing diverse recourses, for example, by
allowing users to bookmark their favourite recourses [60]. We believe these principles could be a
step towards providing a good experience for users in customizing algorithmic recourses.

7.3 Consider the Difference of Various End Users

From the user study, we observed that users enjoy controlling various aspects of recourse customiza-
tion. Users felt that they performed better in customizing the recourses despite the fact that there
were no significant differences in the resulting recourse. It also enhanced users’ understanding of
how the system will generate personalized recourse. In this respect, it would be recommended to
allow users to configure their preferences using various methods. Granting users more control over
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recourse customization will improve their understanding of the system, thereby increasing the
likelihood of obtaining more personalized recourse. Furthermore, it will provide users with greater
freedom in customizing recourse, allowing them to choose their preferred configuration methods.

Meanwhile, it should be emphasized that users had varying perceptions of providing diverse
preference configurations. Although such responses mostly relate to the intuitiveness and usability
of customization methods, we believe that it brings another factor to consideration: end-users.
Some participants might seek more customized recourse even if it means going through the arduous
task of interactive customization with various inputs. Some participants might not understand
the concept of priority constraints and may only provide action constraints. Various users have
different cognitive and perceptual needs when it comes to customizing recourses. By prioritizing
users and gaining a deep understanding of their needs, motivations, and external influences, we can
take a significant step towards designing a customizable interface that allows users to efficiently
and effortlessly configure their preferences.

7.4 Limitations and Future Works

There are a few important limitations that should be discussed. While our prototype ensures
to find counterfactual example within plausible boundary, the recourse suggested based on the
counterfactual example might not be sensible in the real world. Example of such a strange recourse
can be either suggesting a user to increase his annual income while decreasing the loan grade or
change his purpose to get his loan request accepted. We acknowledge that there has been a lot of
research on generating plausible algorithmic recourse, and it’s difficult to consistently generate
perfectly plausible recourse. Although we have noticed the participants about this issue of our
prototype, the existence of counter-intuitive algorithmic recourse could have affected participants’
level of acceptance and their response to the surveys.

Another limitation is that user study was conducted in a simulated setting, where participants
engaged with a given task not as themselves but as a simulated subject. This raises two concerns
regarding the user study. First is that how users responded to the survey could have been affected
by not only the participants’ own intuition but also the imaginary roles they played in. Second is
that how participants used functionalities of the prototype and how they responded can possibly
be different from how actual users might have used or responded. To mitigate this issue, we imple-
mented several measures. Firstly, we encouraged participants to make any necessary assumptions
to enhance their engagement with the simulated subject. Additionally, we utilized participant IDs as
random variables to account for the effects mentioned earlier. However, despite measures taken, we
acknowledge that recorded responses and their usage of each constraints could have been affected
and possibly be different from actual users. Thus, further research needs to be conducted to analyze
how the target end users of the system will respond and how their responses may differ based on
their characteristics, such as level of background knowledge, gender, age, and so on. We leave this
to our future work.

8 Conclusion

This study examined users’ perceptions and experiences of interactive algorithmic recourse cus-
tomization. We designed a web-based prototype where users can interact with the system that
provides algorithmic recourse. We conducted a user experiment using both quantitative and qualita-
tive approaches. The analysis results revealed that (1) continuous interaction between the user and
the recourse-providing system can help users find diverse options of actionable recourses, (2) control-
lability and understandability affect how users engage in recourse customization, and (3) the degree
of customization sought by users depends on various factors. Based on these findings, we have dis-
cussed the design implications of a user-centered algorithmic recourse customization interface. We
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hope that these findings will serve as a step towards a more inclusive understanding of the user-led
recourse customization process and interfaces that support this new type of user-Al interaction.

Appendices
A Survey Details

During the user study, participants had to fill out surveys after each time they tried to find a useful
algorithmic recourse. We included the full survey, including the questions and how participants
were directed to different sections of the survey depending on their responses. After each question,
the format of participants’ responses is indicated within the parenthesis. For Section 4, some
questions are accompanied with sub-questions that help participants understand what is sought in
each of the metric.

Section 1:

1) Were you able to find a useful algorithmic recourse after interacting with the given interface?
y g g g
(Yes or No).
—If yes, go to section 2 of the survey and otherwise, go to section 3 of the survey.

Section 2 (After you are done with section 2, please move on to section 4 of the survey):

(1) How actionable do you think the action suggested by the chosen algorithmic recourse is?
(7-point Likert scale)

(2) How satisfied are you with the chosen algorithmic recourse? (7-point Likert scale)

(3) Please explain the reason behind your response to the above two questions regarding per-
ceived actionability and satisfaction towards the chosen algorithmic recourse. (Free-form
answer box)

Section 3 (After you are done with section 3, please move on to section 4 of the survey):

(1) What were the assumptions you made after receiving new profile? (Free-format answer box)
—e.g., What kind of person did you imagine to be? What kind of situation is he in?
(2) Please describe reasons why you found the generated algorithmic recourse not useful.
(3) If you can interact with the given interface more (more than the allocated 5 interactions), do
you think you can eventually find a useful algorithmic recourse? (Free-format answer box)

Section 4:

(1) How mentally demanding was the task of finding a useful algorithmic recourse? (7-point
Likert scale)

—e.g., How difficult was it to provide adequate constraints and understand the output
of it? How difficult was it to provide the next round of constraints based on previous
interaction?

(2) How well did you interact with the system to generate a useful algorithmic recourse? (7-point
Likert scale)

—e.g., How effectively did you use the provided interface to generate a useful recourse?

(3) How much effort did you have to put in order to find a useful algorithmic recourse? (7-point
Likert scale)

—e.g., Including the mental demand, how hard did you have to try to generate a useful
recourse? How hard did you have to concentrate on understanding the interaction and
the generated results?

(4) How frustrated were you while you interacted with the system? (7-point Likert scale)
(5) How useful was the provided system in finding a useful algorithmic recourse? (7-point Likert
scale)
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B Analysis Results
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Fig. 7. Participants’ responses to each criterion for each experimental condition. The number of responses is
grouped based on the experimental conditions and the evaluation criteria used.
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