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Abstract
Background: As low-code development platforms (LCDPs) are becoming a trend,
understanding how end-user developers think and feel as they work with such platforms
is important. Particularly, assessing experiences during episodes of use can contribute to
overall experience throughout long-term use.
Aim: This paper aims to understand end-user developers’ episodic experience when they
are building an application on a low-code platform and to provide guidance on how such
experiences can be measured.
Method: We designed the Episodic Developer Experience Questionnaire for LCDPs
based on prior literature and refined it through expert Delphi sessions. The instrument
contains 10 individual experience items, capturing various aspects of episodic experience.
We further validated it through remote online tests on an LCDP.
Results: The results showed significant differences in the relationships between items
describing aspects of overall experience and items describing perceptions of tool quality
and task difficulty. Programming expertise also affected end-user developers’ episodic
experience.
Conclusion: The study illustrates the design of questionnaire-based experience assessment
in the context of development and identifies the importance of separating personal
experience from assessment of tasks and tools since tool quality and task difficulty do not
necessarily influence experience straightforwardly.

Keywords: developer experience, episodic experience, low-code development plat-
forms, experience measurement, software engineering, human-computer interaction

1. Introduction

Developer experience (DX) refers to the subjective experiences arising from the involvement
in software development [1, 2]. Understanding and improving DX can contribute to better
support and increased well-being for software developers and may ultimately lead to higher
levels of creativity and productivity [3, 4]. Developer motivation and happiness – factors of
a positive experience – are also regarded to be correlated with the success of a project [5, 6].

Software developers have often been understood as having expert programming knowl-
edge, while end-user developers [7] may have different kinds of domain knowledge but
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are not specialised in software development. End-user developers therefore need software
development tools that allow them to generate software programs or applications using
domain concepts without needing to delve into the details of the implementation. Recently,
Low-Code Development Platforms (LCDPs) have emerged in the industry to enable domain
experts without programming knowledge to build applications [8, 9]. LCDPs offer a variety
of ready-made components and features that allow making applications easily, usually by
manipulating visual objects. Because they allow rapid expression of ideas, even developers
experienced with textual programming languages may prefer to use LCDPs to save effort
and time for certain kinds of tasks. Given the diverse levels of knowledge among developers,
some LCDPs are designed to support both inexperienced and expert developers. They
aim to enable developers of all levels to achieve their goals and to give them a positive
developer experience.

LCDPs are still new and it is unclear how widespread their use will become. Some recent
studies have discussed the conceptual understanding of LCDPs [10, 11], their characteristics [8],
and challenges and opportunities associated with their use [12]. To understand how LCDPs
could fit into the tool landscape of developers at different skill levels, it is important to
understand how they affect DX.

DX can be observed on different time scales, varying from a developer’s earliest awareness
of a tool to use over a long period of time [2]. In this study, we focus on episodic experience
to understand how developers feel after a single session of LCDP use where they focus
on a bounded task, such as developing an individual application feature, in a given time.
Their experience may change over time as they use an interactive product. They may
be excited to use a new product for the first time, or attracted by its appearance, then
become anxious by the complexity of the interaction during use, or satisfied because of the
intuitiveness and efficiency of the functionality, and finally develop a complex experience
about the product after a longer period of use.

Measuring and tracking episodic experience can yield insights into how the long-term
experience has formed. It can also inform iterative design improvements to the platform.
Our study design works by eliciting episodic experiences through naturally-bounded sessions
of work that can be completed within a given period. Particularly, each session has a small
set of goals and utilises a particular set of tool features, which we believe is an important
unit of observation to inform the understanding of DX and assist in improving the design
of LCDPs and other development tools.

To facilitate the comparison of experiences of LCDP use, we propose EDEQ-LCDP,
a questionnaire instrument that captures important dimensions of developers’ episodic
experience. The intent is to provide an instrument that can be used rapidly after a develop-
ment session to give an indication of the contents and quality of the developer’s experience.
The development of the questionnaire also illustrates how measuring DX is different from
measuring UX in two senses: in terms of what experiential content or characteristics are
relevant to the context of development rather than the context of use, and in terms of the
object of assessment, which can vary between the experience itself and an assessment of
a tool or product. We seek to disentangle the experience from assessments of the tool and
the task and discuss the challenges of doing so.

The aim of the present study is therefore to provide an understanding of end-user
developers’ episodic experience while performing application-building tasks on an LCDP
so that the development of measurement instruments for episodic developer experience can
be better guided. We formulated the following research question:
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RQ: How can end-user developers’ episodic experience of low-code development platforms
be measured?
The paper also contributes to the EDEQ-LCDP instrument as a basis for episodic

developer experience measurement. To our knowledge, the instrument proposed in this
paper is the first to focus specifically on the episodic experience of LCDPs. We take some
steps towards examining the construct validity of the questionnaire as well as its content
validity for practical and conceptual purposes, while properties of statistical generalisability
are of secondary importance. While our study is performed using a particular LCDP, the
instrument is not tied to any of its special features, and could, bearing limitations in mind,
be used in tasks with other LCDPs as well.

2. Related work

DX has been defined as “a means for capturing how developers think and feel about their
activities within their working environments” [1]. Fagerholm and Münch [1] proposed
a conceptual framework for developer experience with three main dimensions – cognition
(perception of development infrastructure), affect (emotional state about work) and conation
(the value of one’s own contribution). An extended discussion of the three dimensions was
provided in a study of measuring DX toward the use of a Deep Learning (DL) platform
[13]. Here, “cognition” is the rational basis provided by the DL platform, “affection” is
explained as the emotional state, and “conation” is about the developer’s tendency to use
the DL platform voluntarily.

Transferring from the concept of user experience (UX), Fagerholm and Münch [1]
conceptualised DX as experiences arising from the context of development, with impacts
for individual developers and teams of developers, but also for organisational and product
outcomes such as process adherence, productivity, and the quality of the end product.
Thus, DX is a concern for developers themselves and for the organisations they work in
and has implications for the customers and end-users of the software they produce.

Time seems to have an impact on the importance people attribute to different qualities
of the experience with interactive products [14]. Anticipated experience refers to evaluations
that occur before use, immediate or momentary experience is related to in-the-moment
impressions, episodic experience emerges during a specific time-bounded duration, and ac-
cumulated experience (also known as cumulative experience) happens after long-term usage.
Fagerholm’s theoretical framework also categorises developer experience into immediate,
episodic, and cumulative experience [2].

Episodic experience has drawn attention in various contexts: for example, research on
learning to become a coach has shown that it can affect the way that individuals perceive
what they know, and have the potential to influence their perception of future learning [15].
Marti and Iacono [16] recorded users’ experiences during four weeks of using a product,
showing that their episodic experience changed over time. Despite the crucial importance of
usability in the product’s initial acceptance, aspects of reliability, motivation, comparison
with other products, change in behaviour and touch points – how the product communicates
with the user, for example by notifications and alerts – are even more crucial for a user to
resonate with a product and value it in the long term.

Greiler et al. [17] proposed an actionable conceptual framework to better understand
and improve DX. They suggest putting the framework to work using an Ask-Plan-Act
process: make problems visible by qualitative or quantitative means, determine the area to
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be improved, and make continuous and small improvements. A survey instrument could be
utilised in such an improvement cycle.

To facilitate the development of a DX instrument for the LCDP context, we should first
understand more about the factors influencing DX, learn more about the characteristics
of end-user developers as a particular group of LCDP users, and finally describe current
research on LCDPs themselves. We discuss these topics in the following sub-sections.

2.1. Factors influencing developer experience

While some attempts have been made to construct survey instruments to assess developer
experience (e.g., the DEXI scale [18]), there is currently a lack of instruments designed to
measure DX in specific settings and for particular categories of experience. Previous studies
have aimed to identify metrics or factors that impact developer experience. Kuusinen [19]
conducted a survey considering a particular cross-platform IDE and found characteristics
such as efficiency of use, flexibility, informativeness, intuitiveness, and reliability to be
appreciated by developers. While developers in this study concentrated mainly on the
pragmatic qualities of the tool, they also related experiences of hedonic aspects, such as
affection for the tool, and expressions of feeling at home with it and that it has a good
atmosphere.

The importance of developers’ motivation for work has been widely emphasised in
software engineering [20]. Intrinsic factors, such as autonomy and sense of achievement,
have been found to be essential motivators of software developers [5]. Graziotin et al. [21]
investigated factors associated with developer unhappiness, finding several factors to
negatively influence happiness, such as being stuck in problem-solving, time pressure, bad
code quality and coding practices, mundane or repetitive tasks, imposed limitations on
development, and personal issues. Storey et al. [4] found that developers’ job satisfaction
can in turn impact their perceived productivity. To improve developer satisfaction, they
identified several factors: how managers manage, and whether developers can effectively use
their skills and believe their work has an impact. Linberg [22] found a large gap between
developers’ definition of job success and traditional definitions. Developers might remain
satisfied with their jobs even if the project seems like a failure by others. Motivation is
thus a complex dimension of experience that may be very personal and not only be driven
by external outcomes.

Previous research has presented numerous factors to describe developer experience in
different contexts. Bobkowska [23] built a model to explain the intuitiveness of software
engineering techniques using UX concepts. It includes four perspectives: cognitive processes
(users’ familiarity with the technique), motivations (using the technique to solve a problem),
actions (actions lead to good or poor results) and emotions (positive or negative attitudes).
The model attempts to explain how episodic experiences with the techniques build up into
cumulative experience and a perception of intuitiveness. Here, the episodic experiences
are related to specific actions taken within the frame of a particular technique, and those
experiences then accumulate and are generalised into cumulative experiences. The latter
may then include the notion of intuitiveness regarding the technique. However, intuitiveness
may also be the starting point: early experiences influence motivation to learn, they influence
affective attitudes towards the technique, and they moderate the results of learning and
actions, which then set the direction for the development of further experiences.

Despite the many existing studies on cognitive (cf. [24]) and affective (cf. [25]) aspects
involved in software development, how to measure episodic DX, such as what dimensions
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to measure to capture the salient features of developers’ experiences as compared to users’
experiences, remains an open question.

2.2. End-user developers

End-user development (EUD) has been defined as “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, modifying, extending
and testing digital artefacts without requiring knowledge in traditional software engineering
techniques” [26]. In the context of EUD, the term end-user developer is also widely used to
describe people who have neither the skills nor the interest to customise a system in the
way that software professionals do [27].

Cotterman and Kumar [28] defined an end user as “any organizational unit or person
who has an interaction with the computer-based information system as a consumer or
producer/consumer of information”. They mapped out three dimensions across which the
role of users can vary: operation, development, and control. Operation refers to tasks and
actions necessary for operating a computer system, development refers to tasks related
to the development of such a system, and control refers to the decision-making authority
to acquire, deploy, and use resources necessary for operation and development. The role
of a user may then involve more or less of the activities across these dimensions, and
according to this taxonomy, end users share some traits with persons whose primary role
is to develop a system.

Today, the boundary between development and non-development tasks in the roles of
employees who are not primarily hired as software developers can be considered somewhat
fluid because of the flexible ways in which many software products can be customised or
controlled programmatically after they have been deployed to users. In the case of LCDPs,
this fluidity goes even further. End-users of LCDPs become end-user developers when they
begin to develop their software applications using LCDPs, shifting their role across the
development dimension of Cotterman and Kumar’s taxonomy.

Most importantly, we assume that end-user developers range from professional developers
to people who are not experienced with or specialised in conventional software development
(so-called citizen developers) [29]. As far as we know, the term citizen developer first
appeared alongside LCDP in a 2014 Forrester report [30]. Since then, the term has been
widely embraced by LCDP vendors and organizations as their potential user groups [12]. The
promise of LCDPs is that they allow citizen developers to build their software applications
without the help of professional developers [11, 29] while professional developers can also
benefit from LCDPs, for example by being more productive and reducing time spent on
repetitive tasks. The low-code platforms on the market today are also increasingly focused
on freeing people from heavy, monotonous underlying development tasks and focusing more
on the realisation of ideas.

The two terms EUD and citizen developer thus have a significant overlap, with the
latter originating in industry and focusing attention on the role of an employee in relation
to the IT function of an organisation [29], and the former being a more long-standing
and established term in research which we perceive as subsuming the other term. We
have chosen to use the term EUD in this paper because of its longer history, broader
and more elaborate definition, and because we do not investigate the aspects of citizen
development that relate the citizen developer and the applications they produce to the
larger IT infrastructure and governance in an organisation. We consider the end-user
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developer as a person who has two roles, being an end-user of the product and a developer
of an application at the same time, a definition that shares many important aspects of
the citizen developer term and is consistent with terminology used in human-computer
interaction and software engineering research (see, e.g., [26–29]).

2.3. Low-code development platforms (LCDPs)

In recent years, Low-Code Development Platforms (LCDPs) have emerged as a specific
kind of EUP tool that reduces the effort of implementing simple applications. LCDPs can
provide developers with the means to generate and deliver business applications quickly with
minimum effort in terms of installation and configuration of the development environment,
training, and implementation of the project [31]. They contain a set of components and
features for programmers and non-programmers. LCDPs are primarily aimed at developers
with a limited programming background [11]. These end-user developers rely on LCDPs
to achieve their creative ideas without going through conventional development cycles to
build applications from scratch as traditional developers do. In addition, faced with the
ever-changing customer needs in the software business, firms often adopt LCDPs for fast
delivery with a minimum of hand-coding, quick setup and deployment. They also address
the ability of LCDPs to test business ideas within days or weeks [30]. Thus, professional
developers (professionals with an education or career in software development) can benefit
from LCDPs as well, for example by being more productive [29].

Waszkowski [31] pointed out three main features of LCDPs: databases, business processes
and user interface. They simplify the development process, reduce the learning costs and
visualise the coding environment to allow developers to spend less time on coding and
focus on their goals. Although there is a varied range of different types of LCDPs, some
typical functionalities and features can be identified [11]. Two major structures of LCDPs
have been described: UI to Data and Data to UI [11], denoting the flow of design from
either the user interface or the data model. Sahay et al. [11] list four LCDP characteristics
that have a large impact on DX: 1) interoperability, by creating standards and a friendly
ecosystem in a domain to mitigate issues caused by closed sources; 2) extensibility, allowing
developers to customise capabilities to reduce the design constraints; 3) the learning curve,
which is still less intuitive for end-user developers; and 4) scalability, such as running on
the cloud to manage intensive computing [11].

The term no-code is closely related to low-code. It is sometimes used as a slight variation
of low-code [10, 29] or a synonym to refer to low-code development practices [8]. As we
can see in the market, LCDP vendors define their products as no-code or low-code tools
according to their business goals. The distinction of them is still ambiguous and practitioners
also use these two terms interchangeably. In this paper, we view the no-code platform as
a subset of a low-code platform. End-user developers can use the basic functionality of the
low-code platform without writing any code but are still required to write several lines of
code to get access to more advanced features.

3. Research approach

In this paper, we present the development of a new questionnaire instrument that aims to
identify important influencing factors of developers’ episodic experience of LCDPs. The
instrument we designed aims at end-user developers including both professional developers
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and citizen developers. The purpose of developing the instrument is primarily to structure
the phenomenon of developer experience in the context of LCDPs, to provide further
understanding of it, and to provide guidance on how such experiences can be measured.
To a lesser extent, we are also interested in the questionnaire instrument itself for purposes
of measuring DX in an LCDP context, but we do not aim to fully validate the instrument
for general use.

The process of developing the questionnaire and providing a preliminary validation of it
involved three stages, as shown in Figure 1. First, we analysed related literature to collect
potentially relevant question items and constructed a preliminary questionnaire based on
these items (Stage 1). Second, we used a Delphi study [32] to gather opinions from a panel
of experts, helping us to capture important nuances and refine the questionnaire (Stage 2).
In the third stage, we ran a task-based test in which 19 developers were asked to use an
LCDP in individual sessions (Stage 3). After each task, they filled in our questionnaire,
providing us with data to further analyse it. The result of this research process is the final
questionnaire proposed in this paper.

A total of 110 items 
from the literature

Development of the 
questionnaire

Preliminary 
questionnaire with 12 

experience items
Delphi study

Refined questionnaire 
with 10 experience 

items
Task-based test Final questionnaire

6 experts 19 testers

Question items on 
assessment of task 

and tool

Stage 1: Literature-based development
February - March, 2022 

Stage 2: Expert refinement
April - May, 2022 

Stage 3: Empirical test
June - July, 2022 

Figure 1. Overview of the research approach

The questionnaire aims to capture end-user developers’ episodic experiences in relation
to tasks performed using an LCDP. Assessing episodes with a limited number of tasks that
involve known features enables assessment of specific parts of an LCDP, which may be
helpful when using the questionnaire for design improvements in the tool.

We assume that the degree of familiarity with software development could influence
individual developers’ experience. Their prior familiarity can influence how much effort
and time they need to invest in learning the platform. Therefore, the impact of prior
programming background was taken into account in this study by introducing a set of
background questions for the participants of the task-based test. Another factor that
could influence a developer’s experience is the complexity of the task and the environment
in which it needs to be conducted. For example, a complex IT environment with many
existing applications made using an LCDP presents a more challenging environment because
the developer may have to consider existing software when they develop something new.
However, in this study, we focus on the individual experience of an LCDP in a bounded
development task. The questionnaire instrument does not assess the difficulty of the
environment but aims to capture basic information about a developer’s personal experience.
To differentiate between the experience of the platform and the task, we included question
items that asked for assessments of the tool and the task. We discuss the details and output
of each stage in the following sections.
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4. Literature-based development of a preliminary questionnaire

We developed an initial questionnaire by collecting experience items from existing studies
with relevance to DX. Our starting point was a set of factors reported in a multi-vocal liter-
ature review of LCDP, which collected factors both from scientific and grey literature [33].
We also searched for articles which presented questionnaire instruments to measure DX or
UX using Google Scholar and used items from those questionnaires as potential candidate
items for our questionnaire.

4.1. Source literature

Nylund [33] presented factors that improve and worsen DX based on existing literature.
The list of 17 DX influencers includes topics such as mood and feelings, project onboarding,
and factors related to the software development methodology, such as Agile software
development. This study facilitated our search for literature associated with DX by providing
a systematically collected set of relevant literature. We expanded this set by a search for
DX and UX measurement instruments. We first used Google Scholar with the keywords
“developer experience measurement” to find additional candidate items. We also used
the keywords “user experience measurement” to extend the search scope. We selected
papers that presented questionnaire-based instruments that could potentially be relevant
for measuring different aspects of developer experience.

We included items from the Developer Experience Scale (DEXI) [18], one of the first
questionnaire instruments that aim to measure the DX of development tools. Its word
pairs were obtained from several sources and selected based on their relevance to software
development. It contains one item for measuring general quality, five items for pragmatic
quality, and six items for hedonic quality. We also collected 20 items from a recent study
conducted by Lee and Pan [13] which aimed to evaluate sub-constructs of DX – cognitive,
emotional and behavioural – and which itself is based on items from various sources.

We found only a few instruments intended specifically for DX measurement. Because of
the commonalities between UX and DX and the greater breadth and depth of UX research,
we also considered other widely used UX surveys: the Short Dispositional Flow State Scale
(SDFS-2) [34], Intrinsic Motivation Inventory (IMI) [35], and Short AttrakDiff-2 (SAD-2) [36].

4.2. Item selection and categorisation

We initially considered all items from the candidate questionnaires and proceeded to exclude
items that did not fit our purpose. We de-duplicated items, removing those that were the
same in two or more of the original questionnaires. We retained items that concerned episodic
experience and discarded items that were referred only to immediate (e.g., “The appearance
is beautiful.”) and cumulative experience (e.g., “I will recommend it to my friends.”).

Under the episodic experience category, we continued to subdivide the items by cognition,
affect and conation to ensure that the instrument would cover the three aspects of the DX
framework [1]. To perform this subdivision, we used the following guidelines:
1. Cognition: Items related to performing tasks and the efficiency or effectiveness of

performing them, or to the usefulness of a tool in helping to perform them.
2. Affect: Items that describe emotions in a situation or related to a task or activity.
3. Conation: Items that describe the result or value obtained by a developer or that are

related to developers’ motivation or volition.
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We did not assume that the final questionnaire should consist of items that are possible
to map exactly to a single dimension in the framework. The purpose of this stage was to
ensure a good starting point for the following steps in the questionnaire development.

At this stage, we wanted respondents’ responses to focus only on their own experiences
with the application development process, avoiding comments and perceptions about the
tool or the task. Personal experience is complicated and can be influenced by various factors.
Considering the aims of the questionnaire, it is more important to capture developers’
notions of the overall experience of making an application than perceptions of the tool
itself or the task they have just completed. For example, they might be satisfied with
the user interface of the tool but anxious about the slow speed at which they progress in
making their application; or they might feel that the platform is hard to use but the task
in itself is easy to complete. With our focus being on individual developers’ experience,
we wanted the questionnaire to capture their assessment of their internal experience and
not their observations of the tool or task. Also, focusing on the experience of the process
of developing an application makes the questionnaire more general and not tied to any
specific features of an LCDP. For these reasons, we removed items that referred to features
or characteristics of tools, such as “It has explicit guidelines.” and “It has a high level of
information.”

4.3. Questionnaire format

Since our questionnaire is meant to be used after episodes that may range from minutes to
a few hours at most, we wanted a format that is quick to fill in. To that end, we adopted
a semantic differential format (polar word pairs), following some existing and widely used
UX questionnaires such as AttrakDiff-2 [36]. We also wanted a granular enough scale to let
respondents capture nuances between the polar ends of each item. Psychometric literature
suggests that more scale points provide better statistical properties for the data [37], but this
has to be balanced with complexity for participants. While the issue can be debated, we opted
for a seven-point scale based on current psychometric research (see, e.g., Taherdoost [38] for
a summary).

The outcome of the preliminary design stage was a set of 12 items. These are available
in the supplementary material [39].

5. Delphi study and final questionnaire

Delphi studies aim to improve decision-making by seeking the most reliable consensus
from a group of experts [32]. The preliminary questionnaire described above was based
on a literature review and our subjective analysis. We sought strengthened confidence
in content validity, i.e., that our questionnaire items were consistent with the nature of
LCDPs, and whether the wording was understandable in a practical setting. To this end, we
contacted prospective experts through our industry collaboration networks and a purposive
search on LinkedIn. Lynn [40] suggested using at least three and at most ten panellists for
evaluating content validity. We selected and invited six experts with technical and research
backgrounds to comment on the questionnaire. All participants were interested in DX and
had work responsibilities related to the topic. Three experts work as UX Designers for an
LCDP company; one is a principal user researcher in global large-scale research programs;
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and the remaining two have rich experience with managing developers in industry practice.
The participants are based in the Czech Republic, Finland, France, and the USA.

We held online meetings where we presented the in-progress questionnaire items to
each expert in turn. They were free to make any comments and suggestions on the items,
and we asked them open-ended questions to gain knowledge of how they perceived the
items and why. After each session, we reviewed the opinions collected and refined the
questionnaire. The new questionnaire was presented in the next Delphi session. In the last
two iterations, the experts had no new remarks about the questionnaire that would have
warranted further changes, i.e., we reached a point of saturation.

In the final questionnaire, we added two additional sections to specifically capture
perceptions of the tool and the task separately from the respondent’s overall individual
experience.

The final questionnaire is shown in Table 1. The questionnaire’s main instruction is
to choose the most appropriate description for one’s experience. The word pair items in
the first part each capture an aspect of the respondent’s experience. The questionnaire
does not attempt to assess, for example, the details of the LCDP or the product being
developed using it. Parts 2 and 3 are included to provide a way to separately assess aspects
of the tool and task. They do not have to be used if this information is not needed. In this
paper, they are used for the preliminary validation of the questionnaire.

Table 1. Final questionnaire used in the experiment of measuring end-user developers’
episodic experience of LCDPs. Parts 2 and 3 are control items, while part 1 constitutes

the developer experience instrument

Part 1: Episodic Developer Experience Questionnaire for Low-code Development Platforms
(EDEQ-LCDP).

Think about the session you just completed. Please enter what you consider the most appropriate
description for your experience during the session.

1. Smooth © © © © © © © Exhausting
2. Easy © © © © © © © Difficult
3. Frustrating © © © © © © © Enjoyable
4. Satisfying © © © © © © © Dissatisfying
5. Distracted © © © © © © © Concentrated
6. In control © © © © © © © Lack of control
7. Exciting © © © © © © © Boring
8. Slow © © © © © © © Quick
9. Free to explore © © © © © © © Limited

10. Productive © © © © © © © Unproductive

Part 2: How much do you agree with the following statements regarding the tool.

Completely Disagree – Completely Agree
1. The tool was reliable © © © © © © ©
2. The user interface was consistent © © © © © © ©
3. The tool was quick to respond © © © © © © ©

Part 3: How much do you agree with the following statements regarding the task.

Completely Disagree – Completely Agree
1. The task was easy to understand © © © © © © ©
2. The task was easy to complete © © © © © © ©

Article number 240105

10

https://www.e-informatyka.pl/index.php/einformatica/volumes/volume-2024/issue-1/article-5/


Dongmei Gao, Fabian Fagerholm e-Informatica Software Engineering Journal, 18 (2024), 240105

6. Task-based test

To gain insights into how our instrument works when applied to practical settings, we
performed a task-based experiment with 19 participants. To identify the complexity and
the acceptability of the tasks, we first conducted a pilot study with three participants in
which we tested and refined the tasks iteratively. We analysed the resulting data using
statistical methods to gain an initial picture of its suitability for field use.

6.1. Participants

One of the ambitions of LCDPs is to enable end-user developers to build their own applica-
tions without much effort. The learning cost and effort for professional and non-professional
developers are generally not the same. We therefore created a screening survey to obtain two
groups of participants, one of which had 14 participants with a programming background
and the other consisting of 5 participants without. The entire set of participants included
10 students and 9 company employees. They were all fluent in English and mainly from
Asia, Europe, Africa and the USA. Their fields of work or study included: research (6),
software development (3), engineering (4), design (3), teaching (1), materials (1), and
new media (1). The participants participated on the condition of anonymity and were
compensated with a gift card worth 20 €.

6.2. Procedure

The test sessions were performed online, using SAP AppGyver1, which is marketed as
a no-code development platform for building mobile apps for both Android and iOS. As
mentioned before, we consider no-code platforms to be a subset of low-code platforms. The
LCDP’s positioning of itself in the marketplace does not make a clear distinction between
low- and no-code. For example, in AppGyver’s case, some formula functions require a basic
knowledge of programming to read and write, such as data variables and IF-statements.
AppGyver provides clear documentation, but we found in our testing that some participants
still found it difficult.

Participants shared their screens to allow us to observe their use of the tool. Each
session lasted one hour and consisted of three parts:
– Introduction and guided tour (20 minutes): We explained the study procedure,

what data would be collected and how it would be used and retained, and obtained
informed consent following our university research ethics guidelines.

– Warm-up task (5 minutes): Since most of the participants had never used LCDPs,
they might feel confused or nervous about using a new tool for the first time. We
therefore used a warm-up task to help them get familiar with the tool. In this task,
participants were instructed to create the user interface of a simple to-do list application
that displayed a list of tasks, an input field and a button with the text “Add task”.

– Two independent tasks (35 minutes): Then, in the main study tasks, participants
added simple functions to the user interface of the to-do application created earlier to
make it interactive, including the functionalities “Delete task from to-do list” (study
task 1) and “Add new task to to-do list” (study task 2). After each of these two tasks,
participants filled in our DX questionnaire using an online form.

1https://www.appgyver.com/
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6.3. Analysis

We first identified differences in how participants felt across tasks and then used the
Mann–Whitney U Test and Kendall’s Tau to analyse the correlations between individual
experience items and various perspectives of tasks and the tool. After that, we used the
Intraclass Correlation Coefficient (ICC) to test the consistency among participants in the
same group.

6.3.1. Task difficulty vs. developer experience

By comparing the scoring details of the two tasks, we made a simple assessment of the
validity of the scoring. Concerning task completion, 12/19 people completed task 1, with 5
of them following the prompts. 5/19 succeeded in task 2, but only 2 of them completed
it independently. Table 2 presents the average scores of tool quality and task easiness.
Responses to The task was easy to complete indicate that task 1 was easier to complete than
task 2. This finding is consistent with our intended task design. In contrast, participants
considered task 2 to be easier to understand. This can be explained by the learning effect:
when doing the first task, participants needed time to understand the task, but due to the
continuity and similarity of the tasks, they could be more confident about the second task.
In terms of individual experience factors, all experience factors got higher scores in task
1 except for Satisfying – Dissatisfying. Participants might be more satisfied about their
performance during the process if they solved a complex problem.

Table 2. Average score of tool quality and task easiness in tasks 1 and 2. N = 19

Item Task 1 Task 2

The task was easy to understand. 4.842 5
The task was easy to complete. 4.158 3.211
The tool was reliable. 5.053 5.105
The user interface was consistent. 5.158 4.842
The tool was quick to respond. 5 5.368

6.3.2. Individual experience items vs. the evaluation of the tool and tasks

We ran a Mann–Whitney U Test to compare whether participants who evaluated the
platform or the task highly and those who evaluated them low had significantly different
experiences. We compared the responses of those developers who assessed these factors
on a seven-point scale of 5 or higher and those who assessed them as 3 or lower. Notably,
we tested tasks 1 and 2 separately to avoid bias since they were different. However, for
the platform, there were no statistically significant differences between those evaluation
perspectives (tool reliability, user interface consistency and tool response) in either task.
Even if there may be significant differences in one of the tasks, they do not apply to the
other. For example, in task 2, those respondents with high experience satisfaction perceived
the platform to be highly reliable more often than those with low experience satisfaction,
whereas this was not evident in task 1. This indicated the difficulty of the tasks played an
essential role in measuring episodic experience.

The same applies to the evaluation of the understanding of the task. None of the
experience items were able to distinguish between users who found it easy or difficult to
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Table 3. Statistically significant Mann–Whitney U test results between respondent groups Task
Completiongood and Task Completionbad for all items. n.s. = not significant. N = 19

Task 1 Task 2
Item U p U p

Easy – Difficult 8 <0.01 9.5 <0.05
Free to explore – Limited 15.5 <0.05 14 n.s.
In control – Lack of control 15.5 <0.05 8 <0.05
Exciting – Boring 10.5 <0.05 10.5 <0.05
Satisfying – Dissatisfying 32.5 n.s. 5.5 <0.01
Quick – Slow 16.5 <0.05 16 n.s.
Concentrated – Distracted 22.5 n.s. 5.5 <0.01
Enjoyable – Frustrating 22.5 n.s. 0.5 <0.001

understand either task, although four experience items could differentiate users in task 1. As
for participants who found the task easy to complete and those who found it difficult, 3 out
of 10 word pairs (easy, in control or excited; see Table 3) supported the separation between
them. This indicates that when participants rated these items high after performing a task
using the LCDP, they were also more likely to find the task easy to complete.

We used Kendall’s Tau Correlation analysis to discover which items in each scale were
significantly correlated with each perspective.

From the results, few items had strong correlations with user interface consistency and
tool response. Since the LCDP used in this test had already been subjected to user testing
and was already a mature product, it was not surprising that these two items were not
strongly correlated with differences in individual experience; they may have captured more
objective traits of the tool. However, two other items, tool reliability and task completion,
reflected strong correlations with a majority of individual experience items:

Tool reliability. Correlations between tool reliability and individual experience items
are presented in Table 4. 7/10 (70%) of word pairs correlated with tool reliability in task 1
while 6/10 (60%) had significant correlations with tool reliability in task 2. What is notable
is that 4/10 (40%) of all experience items had significant correlations with tool reliability
both in tasks 1 and 2. All experience items could predict tool reliability either in task 1 or
2 except for Smooth – Exhausting which only showed a strong correlation with the ease
of task completion in task 2. In addition to the possibility that it had little to do with
the platform and the task, we also speculate that it was the result of a more diverse user
understanding of this experience factor.

Table 4. Results of Kendall’s Tau correlation analysis between the tool was reliable assessment
and individual developer experience items. n.s. = not significant. N = 19

Task 1 Task 2
Item τ p τ p

Easy – Difficult 0.434 < 0.05 0.301 n.s.
Free to explore – Limited 0.331 n.s. 0.369 < 0.05
Satisfying – Dissatisfying 0.331 n.s. 0.369 < 0.05
Productive – Unproductive 0.507 < 0.01 0.227 n.s.
In control – Lack of control 0.49 < 0.01 0.479 < 0.01
Exciting – Boring 0.545 < 0.01 0.505 < 0.01
Enjoyable – Frustrating 0.514 < 0.01 0.597 < 0.01
Concentrated – Distracted 0.407 < 0.05 0.509 < 0.01
Quick – Slow 0.418 < 0.05 0.318 n.s.

Article number 240105

13

https://www.e-informatyka.pl/index.php/einformatica/volumes/volume-2024/issue-1/article-5/


Dongmei Gao, Fabian Fagerholm e-Informatica Software Engineering Journal, 18 (2024), 240105

Table 5. Results of Kendall’s Tau correlation analysis between the task was easy to complete
and individual developer experience items. n.s. = not significant. N = 19

Task 1 Task 2
Item τ p τ p

Smooth – Exhausting 0.298 n.s. 0.399 <0.05
Easy – Difficult 0.583 <0.01 0.363 n.s.
Free to explore – Limited 0.389 <0.05 0.37 <0.05
Satisfying – Dissatisfying 0.312 n.s. 0.644 <0.01
Productive – Unproductive 0.465 <0.05 0.372 <0.05
In control – Lack of control 0.495 <0.01 0.372 <0.05
Exciting – Boring 0.576 <0.01 0.519 <0.01
Enjoyable – Frustrating 0.389 <0.05 0.725 <0.01
Concentrated – Distracted 0.265 n.s. 0.412 <0.05
Quick – Slow 0.475 <0.05 0.478 <0.05

Task completion. 7/10 (70%) and 9/10 (90%) of items significantly correlated with
task completion in tasks 1 and 2. All items had significant correlations with task completion
in both tasks 1 and 2 (Table 5). It is worth noting that compared to other items, Satisfying
– Dissatisfying and Enjoyable – Frustrating had a stronger relationship (τ = 0.644 and
τ = 0.725, respectively) with task completion in task 2. The more participants felt confident
completing the task, the more satisfied and enjoyable they felt especially when the task
was hard.

With the Mann–Whitney U test and Kendall’s Tau correlation analysis, we realized
some experience items were changeable across the two tasks. The difficulty of tasks seems
to play a great role in measuring developer experience. In further research or validation,
a comparison of more tasks of different difficulties together would be advisable.

6.3.3. Programming backgrounds vs. developer experience

Intraclass Correlation Coefficient (ICC) was used to find out if there was consistency
in the results of participants with a similar programming background. Table 6 shows
the level of consistency in the performance of different groups. According to statistical
guidelines [41, 42], ICC values higher than 0.50 are acceptable. Therefore, the experience of
participants without programming experience showed consistency in both tasks. Conversely,
the participants who had programming experience exhibited inconsistent performance
across the two tasks.

Thus, programming experience does make a difference to the episodic experience of
the LCDP, but this effect is varied. Our participants’ programming expertise, such as

Table 6. Results of Intraclass Correlation Coefficient for each two groups measuring the experience.
n.s. = not significant

Task 1 Task 2
Group ICC p ICC p

A: No programming experience 0.582 <0.001 0.626 <0.001
B: <3 years of programming experience 0.093 <0.001 0.185 <0.001
C: ≥3 years of programming experience 0.253 n.s. −0.160 n.s.
B and C 0.076 <0.01 0.150 <0.001
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programming language and skills, was diverse, indicating that the quantitative findings
make intuitive sense. For example, one participant was mainly responsible for data analysis
using existing libraries while another focused on algorithmic programming. Developers
writing operational logic and visual user interfaces also had diverse understandings of
workflow. Most of them thought their prior programming expertise did not contribute to
their usage of the LCDP. But one participant – a front-end developer – found it easy to do
the task because the logic was almost the same. More experiments are needed to discover
the relationship between different programming expertise and the experience of using an
LCDP.

7. Discussion

In the previous sections, we have described how we created a preliminary questionnaire
instrument for measuring episodic developer experience during LCDP use based on analysis
of prior literature, how we refined this questionnaire using a Delphi study with experts
to obtain a final questionnaire (EDEQ-LCDP), and how this questionnaire was used in
a task-based test.

Our research question asks how to measure the end-user developers’ episodic experience
of a low-code development platform. We designed a questionnaire with 10 items (Part 1
in Table 1) to answer it. Each question item measures a specific aspect of the episodic
experience. The items in parts 2 and 3 are used to provide a way to separate personal
experience from the assessment of the LCDP and the tasks, and they do not have to be
used in practice. In the process of developing the questionnaire instrument, we suggested
separating experience from task difficulty and tool usability because experience is quite
complicated and affected by various aspects, such as tool, task or even the working
environments. The experience may consist of positive and negative assessments independent
of tool usability and task difficulty. We tried to free respondents from identifying their
precise feelings. Furthermore, we compared our work with related work and discussed the
differences between episodic experience and cumulative experience.

7.1. Experience should be set apart from task difficulty and tool usability

The questionnaire we designed covers 10 items to measure developer experience after an
episode of completing tasks in an LCDP. All of them are related to developers’ thoughts
and feelings. We tried to separate the personal experience of an application development
process from the task and the tool. During the study, some experts and participants asked
us what an item referred to, such as whether Satisfying – Dissatisfying meant that the tool
was satisfying or that developers felt satisfied with their performance during the process.

We aimed to focus on participants’ overall feelings when they were performing the task.
Some people might find a tool novel and helpful, but feel dissatisfied with their performance,
perhaps because they were unfamiliar with this type of platform or were doubting their
ability to perform the task. As a result, their experience of the process was unsatisfactory.
We were more interested in their overall personal experience than asking them directly
about their attitude to the platform or the task.

Each personal experience factor might be affected by multiple factors. For example, in
this study, Easy – Difficult did not show a significant correlation with The task was easy to
complete. One participant gave task difficulty the lowest score but scored their experience
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highly difficult. This participant explained that although they personally felt it was difficult
to perform the task, they still considered the task to be simple in general and that their
lack of expertise was the main reason for feeling it was difficult. If they would have a second
chance to do the task, they thought they would perform better. Another participant also
found the task easy, but felt nervous about being asked to complete it within a specific
time. They stated that given free time, they would look up the documentation carefully.

These examples illustrate the importance of capturing the overall personal experience of
development episodes, and keeping this separate from usability assessments of tools. Tool
providers usually aim to create a better experience for tool users – in this case, developers
using an LCDP. It is not enough to obtain assessments of the product’s appearance,
functionality, help manuals, etc.; only if developers obtain positive experiences, which may
depend on a multitude of personal reasons, and if they feel happy, satisfied, and have
achieved their goals using the product, they can become inclined to continue using it and
recommend it to their peers.

7.2. Comparing to related work

Our DX instrument was based on prior literature and it bears resemblance to many UX
measurement instruments. However, most UX instruments that we are aware of focus
on the respondent’s assessment of the product rather than of their personal experience.
There are also some existing instruments specifically for measuring DX, but they are not
specifically designed for episodic experience. We discuss these issues using a few examples
of existing questionnaires below.

The User Experience Questionnaire (UEQ) [43] contains 26 items including six dimensions:
Attractiveness, Perspicuity, Efficiency, Dependability, Stimulation, and Novelty. It aims
to be quick and easy to apply and is suggested to complement the use of other evaluation
methods with subjective quality ratings. In contrast to our questionnaire, it is focused more
on an assessment of the product than the experience. For instance, the UEQ item Usual –
Leading edge describes the technology used in the product. Conventional – Inventive stresses
the novelty of the product. The items thus represent the respondent’s personal assessment
of the product but do not necessarily reflect an assessment of their personal experience with
using the product in a concrete task episode.

Similarly, AttrakDiff-2 aims to capture product perceptions and evaluations [36]. It
consists of items to capture pragmatic and hedonic quality as well as general quality.
With items such as confusing – structured (pragmatic), dull – captivating (hedonic), and
good – bad (general), it appears to be asking for assessments of different aspects of product
quality. The respondent’s experiences with the product can be assumed to affect these
assessments, but as with the UEQ, what is asked for is an opinion regarding the product,
not an account of the respondent’s personal experience with using it.

Many other UX measurement instruments follow the same approach. Our instrument
takes steps to focus the respondent’s attention on their personal experience by instructing
them to think about the development episode they just performed and to provide “a de-
scription for your experience”. While they may factor in aspects of the usability of the tool
or the difficulty of the task, this is by intention: the experience of the previous development
episode is based on a multitude of factors but what we wish to gain insight into are the
contents of the participant’s near-term episodic memory of that episode.

Another aspect of the present study is that it focuses on the context of development,
where participants are creating new software using a development tool. While DX can be
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considered a sub-field of UX, the experience of developers has its own specifics that should be
taken into account and that are relevant also to inform the management and organisation of
software development in organisations. For example, developers often have particular wishes
when it comes to tool choice, such as the extent to which they are customisable according to
the developer’s wishes, often with scripts or plug-ins that can extend or alter its functionality.
They may also have preferences regarding the way a tool allows them to express their ideas,
and they may want to know what “goes on under the hood”, i.e., they may be concerned
about their ability to control the final product when using a high-level tool that hides
implementation details. Such concerns are less typical for end-users who are not producing
new software but rather work with data such as text or images where the result is what
they see on their screen. For these reasons, we have taken the characteristics of development
tools and their use in both an organisational and individual setting in our questionnaire.

To our knowledge, instruments for specifically measuring DX are rare. However, some do
exist. The DEXI scale is meant specifically for software development as a general questionnaire
for measuring DX of a GUI designer tool [18]. DEXI was formed based on frequently used
UX questionnaires by selecting items from them that are appropriate for describing aspects
of DX. Its Limited – Extensive is an example of capturing the customizability aspect of
the developer’s tools to give them as much freedom as possible. We used Limited – Free
to explore to characterize this kind of experience; the wording was informed by our expert
feedback. DEXI is similar to the UX questionnaires discussed above in that it focuses
on the participant’s assessment of the product – in the case of DEXI, an IDE. It thus
does not address the participant’s personal experience directly, but rather incorporates
it into the respondent’s assessment of the tool. In our view, this has at least practical
implications for the use of the questionnaires to inform DX improvements. Whereas DEXI
directs the focus towards the tool itself, our questionnaire invites a discussion about the
participant’s experience in general, which may reveal issues regarding the tool, but could
also lead to discovering issues related to the task, the participant’s perception of themselves
as a developer, or relationships between individual, task, and tool. While it is not guaranteed
that a participant will discuss issues beyond the tool, our instrument does avoid directing
attention primarily towards the tool. Depending on the purpose, this may or may not be
beneficial.

In other work, Lee and Pan [13] constructed a set of items to measure DX of deep-learning
platforms based on both the conceptual model of DX [1] and related research on customer
experience in fields such as marketing. Their questionnaire uses a different format with
statements such as “The interaction between the platform and the developer does not require
much mental effort” (cognitive), “The platform is attractive” (affective) and “Developers
intend to use the platform” (conative). Respondents indicate agreement on a seven-point
scale. Beyond the obvious difference of using a statement format, this questionnaire is much
more general than ours and tries to map each item specifically to one dimension of the
DX framework. It also appears to mix different levels of experience, with items regarding
mainly cumulative and anticipated experience; the conative item here is an example of the
latter. Our instrument is more focused specifically on LCDPs.

7.3. Episodic experience vs. cumulative experience

As noted above, previous DX questionnaires are not specific to episodic experience. Instead,
the majority of research into DX instruments has focused to a large extent on cumulative
experience, with some introduction of anticipated experience.
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Studying cumulative experience makes sense when there is reason to believe that enough
time has passed for such experiences to form, such as when people have used a product or
tool for a long time. The main points of concern with regard to cumulative experience are
different from the concerns of the first few times people use a product to solve a problem or
accomplish a task. Taking the view that cumulative experience is a function of experiences
over several episodes, one can assume that there is an overlap between cumulative and
episodic experiences. However, previous research constructing DX instruments hardly
distinguishes the two specifically.

Factors such as cost, backward and forward compatibility, version migration paths, and
the surrounding developer community are important for the cumulative experience related
to development tools, while such factors play a smaller role in the episodic experience.
Motivation is another rather different aspect between the two levels of experience. During
a development episode, developers seek a solution to a small set of specific problems while
they may hope to achieve a bigger goal during long-term usage of the platform, including
goals that span beyond an individual piece of software they are developing. For example,
people’s intention to use an LCDP is to build an application, which is a long-term goal.
The goal will be achieved by several episodic goals which are to implement various features
of the application. Beyond these, they may have long-term motivations such as advancing
in their career. We thus argue that DX questionnaires should be designed with the different
levels of experience in mind: general DX questionnaires focusing on cumulative experience
have to consider factors beyond the tool, while instruments focusing on episodic experience
can take a more narrow set of factors into account.

We believe that motivation also influenced the result of the test in our study. Participants
did not have expectations towards this platform since it was their first time using it. They
were unlikely to have an emotional attachment to the platform at the outset and were just
required to perform the task whether or not it was inherently interesting to them. We
therefore did not include general factors such as Cheap – Premium (from AttrakDiff-2)
or “Even if the platform price is high compared to other platforms, I think that developers
should use the current platform” (from Lee and Pan). We believe that such general and
circumstantial factors are not of primary relevance to episodic experience, but they may
work as part of assessments of anticipated or cumulative experience. However, developers,
even end-user developers using LCDPs, may not be involved in tool purchase decisions so
the cost of acquiring such tools may not be relevant to them.

Concentrated – Distracted is the only item that was strongly correlated with nearly all
aspects of the platform in both tasks 1 and 2. Users’ attention during an event influences the
time, efficiency and completion of the task, therefore influencing their feelings. Concentration
on task has been associated with flow experiences in prior literature (e.g., [34]), but it
was not significantly correlated with developers’ overall experience in assessing DX of
a GUI designer tool [18]. Thus, the role of attention in episodic and cumulative developer
experiences should be further investigated.

7.4. Insights for further research

This study provides a starting point for further research. Our statistical analysis of
the questionnaire responses in our study gives preliminary indications that should be
investigated further. The results of the Mann–Whitney U Test indicated that Easy –
Difficult, In control – Lack of control and Exciting – Boring can differentiate between
participant groups with low and high Task Completion Difficulty assessment. Of these three
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items, the latter two were also significantly correlated with the ease of task completion
(Kendall’s Tau Correlation Analysis). In addition, the correlation analysis revealed an
additional four items that had similar correlation: Free to explore – Limited, Productive
– Unproductive, Concentrated – Distracted and Quick – Slow. Task Understanding was
strongly correlated with Productive – Unproductive and Quick – Slow.

A number of items were correlated with the reliability of the platform although we could
not successfully differentiate between participant groups based on these items. For example,
In control – Lack of control, Exciting – Boring, Enjoyable – Frustrating and Concentrated
– Distracted are associated with tool reliability. In other words, we might compare the
reliability of different LCDPs, and the LCDPs that get higher feedback in these items might
be more reliable. User interface consistency and tool response did not show correlations with
any experience item. In this study, they could not be predicted by participants’ feelings.

Despite the above findings, many open questions remain and there is a need for more
research to further test the validity of the questionnaire items. For instance, why do some
items perform differently across tasks, and is it related to the difficulty of the task? Why
did Productive – Unproductive show a significant correlation with the ease of understanding
the task? One possibility is that participants could not distinguish between their ability to
understand the task and the outcomes they produced. This could have interesting implications
for studying DX in general: the memory of a development episode may be distorted by the
outcomes, meaning in this case that developers determine their understanding of a task based
on whether they were able to produce something tangible, regardless of whether the outcome
conformed to what was intended from the outset or not. This would be consistent with prior
research showing that, along with the most intense part, the final part of an experience
episode has a strong influence on the assessment of the whole episode [44]. Investigating
whether interventions in the final part of an episode have an impact on DX, as measured
here, could be an interesting avenue for further research.

Finally, the approach taken here has aimed to examine the instrument to inform the
future development of DX questionnaire instruments. To obtain instruments with better
validated psychometric properties, the results and insights developed in this paper should
be combined with a rigorous instrument development approach. Using factor analysis
and correlating candidate instruments with existing DX and UX instruments as well as
other ways of obtaining experiential information are possible ways to obtain more strongly
validated DX measurement instruments.

7.5. Limitations

The main aim of our study was to develop a questionnaire with a grounding in present
DX literature and expert knowledge. The primary concern was how to operationalise
the DX concept in the context of LCDPs to capture important experiential factors in
development episodes. Thus, we consider construct validity and content validity to be the
most important criteria for the study, i.e., to what extent the questionnaire reflects the
concepts it should reflect. Content and face validity have been identified as important
for instrument development related to experiential characteristics in other fields [45] and
we consider the perspective of experts and practitioners to be crucial for studies on DX
measurement as well. Correlational analyses are commonly used to assess construct validity
along with incorporating qualitative information from experts and practitioners, as we
have done in this paper.
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The combination of using prior literature about DX and the Delphi study with experts
serves to increase the confidence that the questionnaire reflects prevailing understandings
of episodic DX of LCDPs. As we have noted above, prior literature does not, to the best of
our knowledge, provide a measurement instrument specifically aimed to measure episodic
DX. The literature therefore served to inform the study about potential questionnaire items
relevant to DX in general, while our analysis of those items against the DX conceptual
framework [1], our knowledge of DX and LCDPs, and the comments from experts in the
Delphi study served to refine the questionnaire to capture the desired aspects of episodic DX
as well as possible. Our analysis of the task-based test results shows that the questionnaire
is understandable by practitioners and can be used to distinguish between different kinds
of experiences by developers with different backgrounds. While a single study is not enough
to provide construct validity, we nevertheless consider the primary concern of our study
to have been adequately addressed. We acknowledge that further work is needed to gain
more confidence in the content and criterion validity of the instrument. However, if the
questionnaire omits some aspect of the experience that would be relevant for development
episodes using LCDPs, adding elements must be balanced against the practical effort
required for participants to fill in the questionnaire.

Internal validity is concerned with the extent to which cause-effect relationships are
trustworthy within the context of a study. In our case, selection bias and confounding could
have influenced the differences in participants’ responses.

Prior knowledge is a significant influencing factor when studying episodic developer
experience of LCDPs. One of the goals of this study was to discover the impact of prior
knowledge on using the LCDP to perform tasks. We attempted to understand whether
programming expertise, LCDP expertise, and design expertise have impacts on episodic
experience when participants are using LCDPs to perform tasks.

ICC analysis indicates that programming expertise does make a difference to the episodic
experience of the LCDP: participants with no knowledge of programming rated the experience
items consistently, while those with programming knowledge rated them differently. We
observe that our measure of programming knowledge was not detailed enough to discern
meaningful patterns among the latter group. Based on the participants’ LCDP and design tool
expertise, no consistencies were found between participants, regardless of which group they
were involved. Due to the lack of a clear definition and control of participants’ backgrounds,
the correlation between background and experience is not significant. However, by explicitly
controlling for and analysing expertise on different levels, we attempted to guard against
selection bias and confounders; in other words, prior differences in expertise were accounted
for in the study design. Further validation is needed to discover other potential confounders.

A further threat to internal validity is researcher bias: we could have accidentally
influenced participants in the study. We took steps to guard against this. In the Delphi
study, we presented experts with our in-progress questionnaire and asked them to comment
without stating our own opinions. Only after they had provided their feedback did we engage
in a discussion where we explained our rationale behind items. In the task sessions, the
training task provided participants with an introduction to the most important functions
of the LCDP, and they then had to carry out the two other tasks on their own. In cases
where they asked for help, we did not immediately solve the problem for them but instead
encouraged them to keep exploring until they ran out of time. Only after filling in the
questionnaire did we help them complete the task if they still wished to.

Another apparent threat undoubtedly arises from the small sample, the use of only
two tasks, and the use of only one LCDP, which raises concerns about external validity.
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The study groups had one to three participants and the total number of participants (19)
is not representative of any larger population of developers. However, we did not aim to
validate the questionnaire in a well-defined population. Rather, we focus here on obtaining
a questionnaire with good enough construct validity to warrant use in practical settings
together with other means of assessment and for further research. The number and nature of
tasks also prevent us from drawing far-reaching conclusions about the relationship between
task traits and questionnaire items. Both diversified and repeated tasks are necessary to
strengthen the validity of the questionnaire for the study of episodic experience.

Finally, the test only covers one LCDP and thus it can be questioned to what extent
the results are generalisable to other LCDPs or development tools in general. However, we
argue that this aspect is not relevant to the present study. The study design did not rely
on any particular aspect of the LCDP used, and the questionnaire does not contain any
items that would rely on the characteristics of any particular LCDP. The questionnaire
specifically directs participants to report on their personal experience of the session they
conducted (i.e., the development episode), not to assess the tool. Thus this should not
be a primary validity concern, and we note that many widely used usability and UX
instruments have only been validated through years of use and study after their initial
introduction. Still, further studies could assess external validity further by varying the
LCDP used.

8. Conclusions

In this study, we set out to obtain an understanding of end-user developers’ episodic
experience when building an application on an LCDP to guide how such experiences can be
measured. To this end, we designed a questionnaire with ten experience items to measure
the episodic experience of developers using LCDPs after they had completed a specific
bounded task. All items were based on prior literature on the characteristics of LCDPs and
developer experience. The items were refined based on expert feedback in a Delphi study.
We then used a task-based test to obtain data from the actual use of the questionnaire
in conjunction with an LCDP. Participants also provided background information on
their prior expertise and received a short training session using the LCDP. We analysed
correlations between the experience items in our questionnaire and participant assessments
of tool reliability, user interface consistency, tool response, task understanding, and task
completion, as well as their assessment of prior expertise.

The results show that all experience items in the questionnaire were related to the
characteristics of the tool and the difficulty of the task. Perceived task difficulty, tool
reliability, and task completion appear to play a role in episodic experience. We emphasise
the importance and necessity of separating personal experience from the assessment of
tasks and tools. In terms of the impact of developers’ background, prior programming
experience played an important role in measuring the episodic experience of LCDPs, but
a more detailed definition and control of background is needed to verify this conclusion.

The findings in this study can be used to provide insights for further research into
developer experience measurement. In particular, we advise instrument developers to
develop a detailed understanding of the context of development and to carefully design
their instruments for the desired time scale of experience, e.g., anticipatory, momentary,
episodic, or cumulative. The questionnaire can be used, taking its limitations into account,
for assessing the episodic developer experience of developers using LCDPs. We recommend
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that it be used alongside other assessment methods such as think-aloud protocols or
post-task interviews. We believe it could prove useful to assess development episodes
involving other kinds of development tools besides LCDPs, but further research is required
to validate its use for such purposes.
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