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ABSTRACT
This paper presents a study about the mapping of the EUDability
of End-User Development (EUD) tools with the Computational
Thinking (CT) skills of users. This mapping provides an approach to
evaluate the suitability of a EUD environment in supporting people
performing their daily work while managing and exploiting EUD
tools. EUDability is a construct encompassing different dimensions
that need to be assessed through a careful scrutiny by human-
computer interaction experts, while CT skills should mirror those
dimensions from the point of view of assessing the level of ability of
users in managing problems with a computational thinking attitude.
Moving from the healthcare domain, we present two cases: a tool
for geriatric professionals supporting them in the preparation of
cognitive exercises for elderly patients; and a tool for pharmacists,
which empowers them to create robot programs related to the
preparation of personalized medications. These cases have been
exploited to show how to unify the EUDability assessment with the
CT skills assessment. In particular, the application of the EUDability
evaluation method for each tool, as well as the administration of the
Computational Thinking Scale to domain experts are shown. The
results of the two assessments are reported and discussed, together
with the limitations of the present study. The results show the
goodness of fit of the proposed EUD tools in the healthcare domain.

CCS CONCEPTS
• Human-centered computing→ HCI theory, concepts and
models.

KEYWORDS
End-User Development, Computational Thinking, Evaluation, Health-
care

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.
AVI 2024, June 03–07, 2024, Arenzano, Genoa, Italy
© 2024 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 979-8-4007-1764-2/24/06
https://doi.org/10.1145/3656650.3656671

ACM Reference Format:
Barbara Rita Barricelli, Daniela Fogli, Luigi Gargioni, Angela Locoro, and Ste-
fano Valtolina. 2024. Towards the Unification of Computational Thinking
and EUDability: Two Cases from Healthcare. In International Conference
on Advanced Visual Interfaces 2024 (AVI 2024), June 03–07, 2024, Arenzano,
Genoa, Italy. ACM, New York, NY, USA, 9 pages. https://doi.org/10.1145/
3656650.3656671

1 INTRODUCTION
End-User Development (EUD) encompasses methods and tech-
niques to empower end users to modify, extend, and create digital
artifacts [22, 28]. In [5], the authors suggest that EUDmight help fos-
tering a sustainable digital transformation, in that it could support
workers to deal with the complexities entailed by the introduc-
tion of novel technologies and intelligent automation at the work-
places [21, 23]. However, EUD systems must not only be suitable
to work contexts, but they must be adequate to the Computational
Thinking (CT) skills of the individuals working in those contexts.

The EUDability construct has been proposed to capture the qual-
ity dimensions of EUD systems [6]. To assess each EUDability
dimension, a checklist is proposed in [5], without explaining its
concrete application to a real case. A first contribution of this pa-
per consists of a simple protocol for the inspective evaluation of
EUDability using that checklist.

The Computational Thinking Scale (CTS) has been proposed by
Tsai et al. [33] and validated in the programming education field as
a successful tool to assess the CT skills of students. It consists of a
questionnaire to assess CT skills through questions related to five
dimensions: Abstraction, Decomposition, Algorithmic Thinking,
Evaluation, and Generalization. In this paper, we slightly revise
it to make its dimensions fit those of EUDability and allow its
application to problem-solving contexts, where EUD could improve
effectiveness and efficiency of daily work.

We applied the above tools (EUDability checklist and CTS ques-
tionnaire) to assess two different EUD environments in the health-
care field, the former devoted to geriatric professionals who need to
create and submit memory and attention exercises to older patients,
the latter for pharmacists who must program a collaborative robot
in the frame of personalized medication preparation.

The paper aims to demonstrate how the combined adoption of
the EUDability checklist and CTS questionnaire may be useful to
preliminary evaluate the suitability of a EUD environment in a
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specific work context, with respect to its target users. The results
of the evaluation can inform a revision of the EUD environment to
improve its EUDability, or, if this is unfeasible, to plan users’ training
sessions to make them proficient in using the EUD environment.

The paper is organized as follows: Section 2 discusses the related
work about End-User Development and Computational Thinking;
Section 3 presents the cases from healthcare considered in this
paper for EUDability assessment; Section 4 illustrates the evaluation
technique for EUDability and the results of its application to our
cases; Section 5 describes the Computational Thinking Scale and the
results of its administration to 20 participants; Section 6 discusses
how the unification of Computational Thinking and EUDability
can be carried out; Section 7 presents the limitations of the work;
Section 8 summarizes the main contribution of the work and the
next research steps.

2 RELATEDWORK
2.1 End-User Development and EUDability
End-User Development originated in 2003 within the European
Network of Excellence on End-User Development (EUD-Net). The
first definition of EUD, published in [22], describes it as “a set of
methods, techniques, and tools that allow users of software systems,
who are acting as non-professional software developers, at some
point to create, modify, or extend a software artifact”. The evolu-
tion of technology led to a new definition published in [4]: “the set
of methods, techniques, tools, and socio-technical environments
that allow end users to act as professionals in those ICT-related
domains in which they are not professionals, by creating, mod-
ifying, extending and testing digital artifacts without requiring
knowledge in traditional software engineering techniques”. This
new description of EUD is a more modern representation of the
potential offered by recent technology advancements and provides
a hint at what end users can achieve when properly enabled. EUD
is particularly interesting when applied to the work context in or-
ganizations where end users are professionals, i.e., domain experts,
and best know the needs, challenges, and issues of their workplace
and work practice. This work-oriented perspective on EUD has
been addressed many times over the years and documented in the
literature (e.g., [24, 26]), considering several application domains,
like healthcare [11], business process management [20], and edu-
cation [25]. The numerous cases described in the EUD literature
share a common message: the importance of bringing end users to
a greater awareness of the potential of technology, enabling them
to move from being passive consumers to being active producers of
software and domain-related knowledge [15]. The process to em-
power end users in their workplace is studied in several fields (e.g.,
Computer Supported Collaborative Work (CSCW) [18], Human
Work Interaction Design (HWID) [1]).

To assess the validity of EUD implementations, several meth-
ods have been applied in these years, as pointed out in literature
analysis works. In 2013, Paternò [27] identified the key concepts
characterizing the research published in the EUD field. Among
them, of particular interest, are the necessity of balancing the ap-
plication complexity and the learning effort they require when
designing EUD tools and the need to design the tools allowing the
users to manipulate content instead of asking them to use macros,

formulas, or scripting languages. As [31] pointed out, evaluations
are mostly performed in laboratories instead of reaching out for
action and basic research.

What emerges from the literature is that there is a lack of spe-
cialized methods for the evaluation of EUD environments. Indeed,
these environments are evaluated mostly against usability and user
experience with the application of general methods and techniques
used in Human-Computer Interaction (HCI) [29]. Among the most
well-known questionnaires used for evaluating EUD, there are the
System Usability Scale (SUS) (used, for example, in [12]), the User
Experience Questionnaire (UEQ) (e.g., [2]), the Computer Usability
Satisfaction Questionnaire (CUSQ) (adopted by [8]), and the NASA
Task Load Index (NASA TLX) (e.g., [17]). Another approach to the
evaluation of EUD tools is the one belonging to Semiotic Engineer-
ing, called the Communicability Evaluation Method (CEM), used
for example in [13, 34].

A method specifically designed for EUD evaluation has been
proposed in [14], which analyses EUD software by using criteria re-
lated to software quality characteristics, including usability, whose
evaluation is articulated according to Nielsen’s principles.

The acknowledgment of the lack of a proper EUD evaluation
method paved the way for the definition of the EUDability con-
cept [6]: “EUDability is the degree of concreteness, modularity,
structuredness, reusability, and testability fostered by a EUD envi-
ronment designed for specified end-user developers, with a speci-
fied goal to be pursued in a specified context.”

The core dimensions that characterize EUDability and that are
used for its assessment are:

• Concreteness: the ability of a EUD environment to present
concepts and requests in a concrete way, without requiring
the users to possess highly-developed abstraction skills;

• Modularity: the availability in a EUD environment of ele-
ments, like blocks, modules or similar objects that help end
users decompose a problem and identify the pieces needed
to compose a solution;

• Structuredness: the property possessed by a EUD environ-
ment to support the creation of a step-by-step solution and
to facilitate the end users to connect input and output of
different steps;

• Reusability: the property of a EUD environment of allowing
the end users to reuse and possibly share the outcome of a
EUD activity;

• Testability: the capability of testing the outcome of a EUD
activity directly in the EUD environment in which it was
created.

This paper proposes a EUD inspection method based on EUD-
ability definition and shows its application in two healthcare cases.

2.2 Computational Thinking Skills and their
Assessment

Many definitions exist for the term “Computational Thinking”,
though all of them stem from the education domain only. For ex-
ample, one of the most recent studies merged definitions from the
International Society for Technology in Education (ISTE), and the
Computer Science Teachers Association (CSTA), ending up with
the following definition of CT [35]: “a problem-solving process
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that includes formulating problems, using a computer or other
tools, logically organizing, analyzing, and representing data, au-
tomating solutions through algorithmic thinking, achieving effi-
cient and effective solutions, and generalizing and transferring to
other problems”. Similar properties and definitions for CT were
devised in [3, 19, 36], with an extension of more or less detailed
tasks to be accomplished for each of the above mental processes.

Considering Computational Thinking for EUD, the following
operational definition was proposed in [6]: “the acquired capability
of adopting a three-stage mental process, i.e., defining the problem,
solving the problem, analyzing the solution, by knowing how to
apply five basic skills, i.e., abstraction, decomposition, algorithm
design, generalization, and evaluation, up to an individual level of
mastery.”.

The design of an integrated framework where possibly to priori-
tize CT dimensions was proposed in [33]. After the identification
of mental processes, including the five skills (i.e., “Abstraction”,
“Decomposition”, “Algorithmic Thinking”, “Evaluation” and “Gen-
eralization”), the authors propose to see CT as an integrated abil-
ity including “social-cooperative capacities (e.g., solving problems
collaboratively), creative thinking (e.g., creatively formulating so-
lutions) and critical thinking (e.g., thinking multi-dimensionally
while working on problems).”.

This perspective lays in the direction of going beyond a single
element such as the problem-solving one, but rather considering
all the elements influencing people ability to solve problems: their
scholarly background knowledge, their workplace or context of
routine creation and consolidation, their experience / exposure to
problem solving, their individual attitudes to creativity, and the like.
However, no organic systematization of these aspects have been
devised yet properly, being some of them dynamic and difficult to
abstract from individual and contextual factors.

In [30], the Cattell-Horn-Carroll (CHC) model considers also
“fluid reasoning”, which is defined as: “the use of deliberate and
controlled mental operations to solve novel problems that cannot
be performed automatically”. These mental operations include in-
ductive and deductive reasoning as “the hallmark indicators of fluid
reasoning.” [ibidem].

To sum up, as also remarked by Tikva and Tambouris [32], CT
definitions are developing into descriptions of capabilities and skills,
also including operational definitions.

The assessment of CT is currently conceived only in the ed-
ucation field, and may include the design and categorization of
tasks [19], as well as questionnaire items assessing key dimensions
such as “computational concepts”, “computational practices”, and
“computational perspectives”, regarding both the routine and the
more creative activities of generalization, problem-posing, and the
like [9, 37]. In particular, the Computational Thinking Scale (CTS)
has been proposed for assessing CT skills in [33]. It is composed of
five sub-scales corresponding to the five CT skills mentioned above
(Abstraction, Decomposition, Algorithmic Thinking, Evaluation
and Generalization), and is the one adopted in this study, with some
minor changes introduced in Section 5.1.

3 EUD CASES IN HEALTHCARE
In this section we present two tools in the healthcare domain, the
former for geriatric professionals, the latter for pharmacists.

3.1 A EUD Environment for Geriatric
Professionals

Senile dementia represents one of the health emergencies we are
facing now andwill be facing evenmore in the near future due to the
aging population. Various studies highlight how currently available
pharmacological methodologies cannot definitively halt degenera-
tive processes [7]. However, geriatric doctors and nurses (from now
on called geriatric professionals) often have to devise exercises for
their patients based on their theoretical and clinical knowledge and
experience without any support in the time-consuming activity or
possibility of sharing their competencies with other collaborators.
Another problem is related to monitoring the patient’s cognitive
capacity. The geriatric professionals often only detect cognitive
decline during periodic meetings with older people. Nevertheless,
interacting promptly at the first signs of deterioration could help
doctors and healthcare assistants define a monitoring and interven-
tion plan to maintain certain functions, thus improving the quality
of life for older adults. According to these considerations, this case
aims at providing a web platform capable of supporting geriatric
professionals in the activities listed below in the EUD field.

3.1.1 Profiling of the elderly. The primary function of the web
platform is to assist geriatric professionals in profiling older adults
by administering the Symptoms of Dementia Screener (S.D.S. - [16])
and the General Practitioner Assessment of Cognition (GPCog -
[10]) questionnaires. These assessment tools, designed to evaluate
cognitive functions in older adults, perform an initial screening
to identify a prodromal or preclinical cognitive impairment stage.
This identification is based on the assignment of symptoms that can
already be categorized as “dementia” according to the nosographic
criteria of international medicine.

3.1.2 Definition of Active Life Indices for the Elderly. Themain EUD
functionality of the web platform enables geriatric professionals to
monitor older people’s daily activities, particularly those related to
the completion of specific exercises, to track the progress of their
cognitive, mnemonic, and orientation abilities. The administration
of exercises and the corresponding monitoring of the older adult’s
problem-solving skills are carried out through a specific conversa-
tional agent (chatbot) that the older adult can use on their phone
or tablet. Using the platform in Figure 1, geriatric professionals can
create exercises to stimulate attention, use of language, reasoning,
and orientation or reuse them from a predefined repository. An
appropriate module specifies the evaluation strategies the geriatric
professional can use for monitoring the exercise results. It pre-
views how the exercise will be displayed to older adults on a tablet
through a conversational agent. Moreover, a geriatric professional
can define each older adult’s weekly personalized intervention plan
(Figure 2). This way, the conversational agent can guide older adults
through the exercises and help them establish a consistent exercise
routine. In scheduling, it is also possible to specify when to send
reminders or notifications to remind older people to perform the
exercises.



AVI 2024, June 03–07, 2024, Arenzano, Genoa, Italy Barricelli, et al.

Figure 1: Creation of an exercise. On the left, the Figure rep-
resents a form for creating an exercise consisting of a title,
type, description, and activity. The strategy for evaluating
the results appears on the bottom right. On the top right,
the dashboard previews how the conversational agent will
display the exercise.

Figure 2: Weekly scheduling of the exercises. The geriatric
professional specifies the number of weeks during which
the older adult must do the exercises. The Figure at the bot-
tom shows how the geriatric professional can set the weekly
planning of the activities split into four types of exercises:
stimulation of attention, use of language, reasoning, and ori-
entation.

3.1.3 Configuration of the Conversational Agent. Using the plat-
form, the geriatric professional can configure the agent that will
interact with older people, specifying its gender, avatar, linguistic
style, and other behavioural characteristics, such as presenting only
exercises or also providing emotional support. On the site’s home-
page, it is possible to monitor the results of the assisted elderly
individuals to assess the progress of active life indices.

3.2 A EUD Environment for Pharmacists
Galenic preparations are customized medications crafted by phar-
macists or veterinarians, which serve as patient-centric remedies.

These preparations enable tailored dosing, mitigating allergy con-
cerns, cutting down expenses, and addressing the intricacies of
treating rare diseases. However, the existing manual manufactur-
ing approach for galenic preparations presents numerous hurdles
for human workers.

In interviews with pharmacists, the potential benefits of using a
collaborative robot in specific operational phases involved in the
preparation of galenic formulations were explored. Pharmacists
identified repetitive actions, tasks requiring precision, and those
with low-added value as the areas most suitable for improvement.
These ones pertain to the ingredient mixing phase, the capsule
filling phase, and the packaging phase; all of them could be made
more efficient and effective with the use of a collaborative robot.

A EUD environment based on the previous considerations was
designed and developed. The environment aims to provide a nat-
ural and intuitive approach that guides pharmacists throughout
robot task definition. Additionally, the user interface consistently
provides comprehensive explanations of system activities. As a
result of the EUD activity, a robot program is generated, which
follows a structured sequence including actions such as mixing
ingredients, filling capsules, and picking capsules and placing them
into containers, interspersed with human actions. More precisely,
the user must define the necessary details for the robot to perform
each phase of the galenic preparation. These details specify the
action to be taken during the mixing phase, the grid to be used
during the filling phase, and the container for the packaging phase.

3.2.1 Definition of domain items. The EUD environment assists
end users in defining the domain items, including objects such as
grids and containers for the robot’s recognition and manipulation,
as well as the mixing actions to be carried out by the robot during
the ingredient mixing phase. The EUD environment exploits image
recognition algorithms, natural language processing, and graphical
interfaces that enable pharmacists to instruct the robot regarding
domain concepts. Using these interfaces, the user can define the
details of each item, such as the name, action speed, number of
grid slots to fill, and provide robot related data, such as container
position in robot coordinates. It is also possible to define synonyms
for each item to enrich the personal dictionary used by the natural
language interface. Finally, when defining a new grid or container,
image recognition is used to identify the element by its outline and
recognise it during task execution.

3.2.2 Definition of robot tasks. After domain objects and actions
have been defined, the EUD environment supports robot task def-
inition for galenic preparations. Defining a preparation involves
determining which item to use for each phase. Each preparation,
which represents a robot task, is defined through a hybrid inter-
action paradigm. This involves a chat-based interface (Figure 3)
and a graphical interface (Figure 4). In the chat-based interface,
the user can indicate which previously defined items to use (in the
example of Figure 3, the user is asking to use the already defined
mixing action “blending”), or can define new items through the chat
itself (in the example, the user is asking to use a new grid with 15
rows and 15 columns, by providing a photo of it). In the graphical
interface, the user can inspect the details of the chosen items for
the robot task (for instance, in Figure 4 the user can see the speed



Towards the Unification of Computational Thinking and EUDability AVI 2024, June 03–07, 2024, Arenzano, Genoa, Italy

Figure 3: The chat in the EUD Environment for Pharmacists

Figure 4: The graphic interface in the EUD Environment for
Pharmacists

and movement pattern adopted by the “blending action”), modify
item parameters, or selecting alternative items.

This hybrid approach allows the user to define a robot task in-
tuitively using the chat, which integrates a generative Artificial
Intelligence approach that leverages Large Language Models, and
then validate or modify the output of the conversation using the
graphical interface. Here, the robot task is represented as a sequence
of blocks enabling non-expert users to assess robot program accu-
racy and modify blocks or parameters as needed. This provides the
pharmacist with a clear and immediate representation of what has
been defined.

4 EUDABILITY ASSESSMENT OF THE EUD
ENVIRONMENTS

4.1 EUDability Inspection Technique
For assessing the EUDability of a EUD environment, a predictive
inspection-based evaluation method can be used. The method is
meant to be carried out by experts in Human-Computer Interaction

and specifically in End-User Development. The evaluation consists
of exploring the entire EUD environment and filling in the 15-item
checklist shown in Table 1. The goal of this checklist is to measure
the degree of Concreteness, Modularity, Structuredness, Reusability,
and Testability fostered by a EUD environment, hence to assess the
EUDability of the environment by observing its five dimensions.
Once the experts complete the checklist by assigning Yes (Y) or No
(N) to all items individually, they meet in a debriefing session to
discuss and reach an agreement on their assignments. Then, the
EUDability assessment is performed by assigning a value on the
scale {None, Low, Mid, High} to each dimension, according to the
number of Y answers provided by the HCI experts to the single
items (None in case of no Ys, Low in case of a single Y, Mid with
two Ys, and High with all Ys).

4.2 Applying the EUDability Checklist to Our
Healthcare Cases

Three HCI experts applied the EUDability inspection technique to
the applications presented in Section 3. Since the evaluators did
not participate in the design of the applications, before doing the
evaluation, the developers provided themwith a brief description of
the goals of the applications, the tasks they supported, and the target
users. Then, the evaluators individually conducted their evaluation
through the checklist. Finally, the evaluators met in a debriefing
session where they discussed their individual evaluation and agreed
on the levels to be assigned to each EUDability dimension.

4.2.1 EUDability of the environment for geriatric professionals. The
results of the EUDability evaluation are the following:

• The Concreteness dimension has been assessed as Mid,
since a few terms used in the application do not recall familiar
elements of the experts’ domain. For instance, during the
creation of an exercise the geriatric professional must select
a disease indicator, which is called KPI in the application, but
KPI does not belong to the geriatric professional’s language.

• TheModularity dimension has been assessed as High, since
no issues emerged with respect to the identification, organi-
zation, and retrieval of the elements necessary to create the
exercises.

• The Structuredness dimension has been assessed as Mid.
In fact, even though the steps to be performed to create an
exercise and to define their order are clearly suggested by
the application, the connectenedness between the steps is
not evident, since the application automatically generates
the chatbot dialogue, without any possibility for the user to
intervene.

• The Reusability dimension has been assessed as Low, since
the chatbot resulting from the EUD activity automatically
selects and proposes the exercises created by the geriatric
professional to the patient, without giving the possibility
to control the chatbot’s behavior at runtime. In addition,
exercises cannot be modified to be used for new patients
without changing the same exercises provided to previous
patients.

• The Testability dimension has been assessed as Low, since,
even though a preview of the chatbot behavior is presented,
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Table 1: Checklist for EUDability predictive inspection-based evaluation.

Dimensions Items to check (Y/N forced choice)
Concreteness The EUD environment:

1. represents the domain concepts as elements for problem solving
2. does not require to know the low-level details of each element
3. uses the language that is more familiar to the end user

Modularity The EUD environment allows:
4. the identification of elements that may compose a problem solution
5. organizing the elements in meaningful categories
6. freely exploring each category of elements

Structuredness The EUD environment suggests:
7. the steps to be performed for problem solving
8. the order of the steps to be performed for problem solving
9. the connectedness between different steps of the problem solution

Reusability The outcome resulting from a EUD activity can be:
10. saved in a library
11. included in another EUD project
12. modified to be adapted to another EUD project

Testability The outcome resulting from a EUD activity can be:
13. executed within the EUD environment
14. inspected by the user
15. represented in alternative ways

the user can no more modify it, and there are no alternative
ways to see the outcome of the EUD activity, beyond the
chatbot.

4.2.2 EUDability of the environment for pharmacists. The results
of the EUDability evaluation are the following:

• The Concreteness dimension has been assessed as High,
since the main elements refer to domain concepts, the user
does not have to know the low-level details related to robot
configuration and robot movements, and the terms used to
name the elements belong to the pharmacists’ language.

• TheModularity dimension has been assessed as High, since
the elements to create robot tasks for a galenic preparation
can be easily identified, retrieved and freely explored.

• The Structuredness dimension has been assessed as Mid,
since the chat and graphical interfaces are organized in three
steps necessary to create a robot task, and these are shown
in the interface in a given order, and progressively updated;
however, it is unclear if these steps are connected one an-
other.

• The Reusability dimension has been assessed as High, since
the robot tasks (called “preparations” in the application) can
be saved, re-used and modified to create different robot tasks.

• The Testability dimension has been assessed as Mid, since
the execution of the robot task cannot be simulated within
the EUD environment, but the graphical interface can be
used to inspect the robot task and possibly modify it, and it
is an alternative way to the chat to represent the robot tasks.

5 THE COMPUTATIONAL THINKING SCALE
AND ITS APPLICATION IN HEALTHCARE
CASES

5.1 Computational Thinking Scale
To assess the CT level of end users, we decided to adopt the Compu-
tational Thinking Scale by Tsai et al. [33], which has been validated
in computer programming education, but has been conceived to be
as more general as possible to be rapidly adapted to any kind of
problem solving. The CTS is administered to the users by means
of a questionnaire including 19 items; in the Tsai’s version of the
CTS, the items represent statements about problem solving atti-
tudes with computer programming, and participants are required
to self-evaluate each item using a 5-point Likert scale ranging from
not agree at all to totally agree.

We adapted the questionnaire by reformulating the introduction
to the items, changing it from “When I solve a problem (by computer
programming)...” [33] to “When I try to solve a problem in my
work...”. To remain consistent with the EUDability dimensions, we
also swapped the order of the fourth and fifth sub-scales (Evaluation
and Generalization, respectively), and named “Algorithm Design”
instead of “Algorithmic Thinking” the third one, because the latter
is almost synonymous with Computational Thinking. We finally
decided to use a 6-point Likert scale to avoid the central tendency
bias. Our version of CTS is presented in Table 2.

Tsai et al. [33] determine the results of CTS calculating the mean
value for each sub-scale. Our version of CTS and its original ap-
plication allows making a step further, i.e. determining the users’
level of each CT skill and assigning to this level a value on the scale
{Low, Mid, High} (see Section 5.2).
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Table 2: The CTS skills and items for CT level assessment (adapted from [33]).

When I try to solve a problem in my work ...
Abstraction
AB-1: I usually think of a problem from a whole point of view, rather than looking at the details
AB-2: I usually think about the relations between different problems
AB-3: I usually try to find the key points of a problem
AB-4: I usually try to analyze the common patterns of different problems
Decomposition
DE-1: I usually think if it is possible to decompose a problem
DE-2: I usually think of the structure of a problem
DE-3: I usually think about how to split a big problem into several small ones
Algorithm Design
AD-1: I am used to figuring out the procedures step-by-step for a solution
AD-2: I usually try to find effective solutions for a problem
AD-3: I usually try to lay out the steps of a solution
AD-4: I usually try to figure out how to execute a solution for a problem
Generalization
GE-1: I tend to solve a new problem according to my experience
GE-2: I usually try to use a common way to solve different problems
GE-3: I usually think about how to apply a solution to other problems
GE-4: I usually try to apply a familiar solution for solving more problems
Evaluation
EV-1: I usually find a correct solution for a problem
EV-2: I usually think of the best solution for a problem
EV-3: I usually try to find the most effective solution for a problem
EV-4: I usually think of the fast solution for a problem

5.2 Applying the CTS Questionnaires to
Healthcare Users

The CTS questionnaires introduced in the previous section were
administered to 20 participants (11 females and 9 males) whose ages
ranged from 21 to 58 (M = 31.3, SD = 10.84). All participants were
potential users of our two EUD environments for the healthcare
domain: 12 participants were pharmacists, 7 were enrolled in a
Nursing B.Sc. course, and 1 was a medical doctor and also a uni-
versity professor. The pharmacists were at different points in their
careers, with an average of 3.54 years of work experience (SD =
2.71). Before administering the CTS questionnaires to participants,
they were informed about the goal of the research and about the
features offered by the two EUD environments, even though they
had not been asked to use nor to evaluate them.

A summary of the overall distributions of results along the six
scale values of the 5 CT dimensions are depicted in the violinplots
of Figure 5.

As introduced in 5.1, we adopted an original approach to assess-
ing the level of each of the five CT skills. Specifically, the responses
were considered as ordinal values, and were codified into three
classes: Low (for responses ranging from 1 to 2);Mid (for responses
ranging from 3 to 4); High (for responses ranging from 5 to 6). The
responses were then grouped by CT sub-scale, assuming that each
of the questionnaire items in each sub-scale were independent and
identically distributed (i.i.d.). This has allowed us to consider each
item as a separate response with respect to another item of the
same sub-scale. Instead of aggregating the scores into their mean

Figure 5: Violinplots of the CTS results, for each subscale of
the CTS.

value, the raw scores were hence grouped into the three classifi-
cation thresholds above. For each sub-scale, a 𝜒2 test was carried
out to assess the statistical significance of the difference between
the number of Low, Mid, and High responses of participants. For
each sub-scale, the results were significantly different, at the sig-
nificance level of .05, showing a level of skills for each sub-scale
in the High range. The detailed test results are reported in Table 3,
where, for each subscale, the absolute numbers of responses for the
three classes are reported (Low, Mid, High), together with the 𝜒2

test result, and the p-value (p).

6 UNIFYING EUDABILITY WITH CT SKILLS
To unify users’ CT skills with the EUDability of a EUD environment,
the minimum requirement in terms of CT skills has to be derived
from the results of the EUDability inspection-based evaluation.
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Table 3: Results of the statistical analysis on the CTS re-
sponses.

Low Mid High Tot 𝜒2 p
Abstraction 7 23 50 80 18.95 <.001
Decomposition - 28 32 60 21.29 <.001
Algorithm Design 2 18 60 80 35.86 <.001
Generalization 6 28 46 80 18.32 <.001
Evaluation 1 22 57 80 35.36 <.001

When a EUDability dimension of a EUD environment is assessed
as High, the minimum level of the CT skill related to that dimen-
sion that the user is required to possess is Low. On the contrary,
a High level of CT skill is needed when a EUDability dimension
is characterized by a Low degree. Finally, if a EUDability dimen-
sion is estimated as Mid, also the minimum CT skill level can be
classified as Mid. In case a EUDability dimension is evaluated as
None, meaning the system does not offer adequate EUD features,
a system revision is mandatory and requires a further EUDability
assessment.

Table 4 summarizes the EUDability evaluation of the environ-
ment supporting geriatric professionals in the creation of memory
and attention exercises for older adults. The third column of the
table also reports the minimum required level for each CT skill that
users (geriatric professionals) must possess to effectively use the
EUD environment.

In this particular case, it is crucial that users have high capabili-
ties of Generalization and Evaluation, since the environment does
not offer adequate features for component/exercise re-use and to
test the results of the EUD activity.

Table 4: Required CT levels for the EUD environment devoted
to geriatric professionals

EUDability Level Min. CT level CT skill
Concreteness Mid Mid Abstraction
Modularity High Low Decomposition
Structuredness Midm Mid Algorithm Design
Reusability Low High Generalization
Testability Low High Evaluation

Similarly, Table 5 summarizes the EUDability evaluation of the
environment supporting pharmacists in the creation of robot tasks
for galenic preparations. In this case, users do not need to reach an
high level for any of the CT skills. The system could however be
improved providing clearer instructions for robot task composition
and simulation features (e.g., through a 3D visualization of the robot
at work). Due to these limitations, the users must possess a medium
level of Algorithm design and Evaluation skills.

According to the results of the administration of the CTS ques-
tionnaire to our sample population presented in Section 5.2, all the
five CT skills of healthcare personnel reached the High level. The
EUDability of the two systems reaches a demanding level of users’
CT skills (High) only for the Reusability and Testability of the first
tool, which meets the CT skill of all the participants in the study;
therefore, we can derive that, from this preliminary and inspective

Table 5: Required CT levels for the EUD environment devoted
to pharmacists

EUDability Level Min. CT level CT skill
Concreteness High Low Abstraction
Modularity High Low Decomposition
Structuredness Mid Mid Algorithm Design
Reusability High Low Generalization
Testability Mid Mid Evaluation

study, the EUDability of both environments presented in this paper
seems suitable to their target users.

7 LIMITATIONS OF THEWORK
Although the study involved participants who are expert in their
respective fields of activity and were carefully instructed and con-
trolled in the task of responding to the CTS questionnaire, we are
aware that their number could limit the generalizability of our re-
sults. However, our major contribution lays in demonstrating how
to unify the assessment of the EUDability of EUD environments by
HCI experts with the assessment of domain experts’ skills for CT.
Having this goal in mind, the number of participants should not
influence the validity of the approach.

On the other hand, any questionnaire or method carried out on
its own is not sufficient to provide a robust methodology. There is
always the need of an integration with a second method, possibly
different (e.g., observing users performing tasks), in order to prop-
erly triangulate the outcomes of a user study. However, this kind
of approaches are longer and costly. The CTS scale is a validated
tool and our intent in applying it was also to demonstrate how it
can be exploited for a faster and less expensive assessment of the
human CT skills.

8 CONCLUSION
Our approach is a first attempt to unify Computational Thinking
and EUDability through the combination of methods for assessing
CT skills and EUDability dimensions. It allowed us to map the EUD-
ability of two EUD environments from healthcare with the CT skills
of domain experts, i.e., geriatric professionals and pharmacists. This
mapping showed how the evaluation of a EUD environment may be
done according to EUDability dimensions that mirror the users’ per-
formance in their daily work with EUD tools. The step-wise pattern
is as follows: the assessment of the EUDability of a EUD tool (being
it a prototype or a fully-fledged artifact); the assessment of users’
CT skills; the unification of these two halves to assess the suitability
(EUDability) of the EUD environment where domain expert work.
Future work will systematize these steps into a methodology appli-
cable to different domains. Despite some limitations outlined above,
the current approach may remain valid in case of limited time and
cost factors, e.g., in formative evaluations where organizations have
limited resources.
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