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Furthermore, there exists little research on developing RPA
bots in knowledge-intensive domains (e.g., automotive engineering), which are dependent on the employees performing
decision making tasks [11], [20]. As a consequence of the
missing support of knowledge workers, RPA projects do
not always achieve the expected beneﬁts or fail completely
[4], [23], [25]. RPA bot development itself is a knowledgeintensive process, which has not been supported systematically
enough so far [19]. The aim of this paper is to provide a well
designed and evaluated checklist for supporting knowledge
workers in RPA projects. Note that checklists are considered
as an appropriate means for coordinating knowledge-intensive
processes in general [10].
The paper is organized as follows: Section II provides
background information on RPA and software development
stages. Section III deals with the initial development of the
checklist for supporting knowledge workers in RPA projects
(cf. Fig. 1). After having designed the checklist, it is reﬁned in
Section IV in three iteration steps according to Design Science
Research [27]. The ﬁnally resulting checklist is evaluated in
Section V, followed by a discussion of our results in Section
VI. Section VII summarizes the paper and gives an outlook.

Abstract—Robotic Process Automation (RPA) is the rule-based
automation of business process tasks by software robots mimicking human interactions. RPA projects often fail or do not achieve
the expected beneﬁts due to a missing support of the humans
developing the robots. In practice, such software robots are
often developed and conﬁgured by knowledge workers without
any IT background. These non-IT experts require appropriate
development and conﬁguration support. The aim of this paper
is to provide a checklist-based support of knowledge workers in
conducting RPA projects. After an initial design, which is based
on interviews with knowledge workers, an exploratory RPA case
study in industry, and surveys among bot users, the checklist is
improved in three iterations with comprehensive user feedback.
The ﬁnally obtained checklist is evaluated in six RPA projects
in industrial practice showing satisfying results. In particular, no
project has failed and the expected full time equivalents savings,
reduction of errors, and improvement of process speed have
been achieved. Altogether, the checklist enables smooth process
support of knowledge workers in RPA projects.
Index Terms—Robotic Process Automation, RPA, RPA Project,
Checklist

I. I NTRODUCTION
In a continuously changing world, business process automation becomes increasingly important [15] and the resulting
process-aware information systems need to become more
efﬁcient and cost-effective over time [8]. As a consequence,
companies require an increasing degree of process automation.
In this context, Robotic Process Automation (RPA) deals with
the software-based automation of a business process or parts of
it [7], [17]. In particular, software robots (bots for short) shall
mimic human interaction with the software systems involved
in the execution of business processes [18], [29].
In general, software engineering projects are known to
be complex, long-running, and dependent on various factors.
Moreover, they are problematic due to budget or schedule
overrun or low-quality software [3]. Regarding RPA, which
also creates a software artifact, i.e., bot, it is common that
employees in the business units develop the bot. Usually, these
employees are knowledge workers without any IT background
[28], [30]. On one hand, the knowledge workers have good
knowledge of the process tasks to be automated; on the other,
they do not have profound IT knowledge [28], [30]. Special
support is needed to help them develop bots properly.
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Fig. 1. Overview of checklist development, improvement, and evaluation.

II. BACKGROUNDS
This section provides background information on RPA and
software development lifecycle stages.
Robotic Process Automation. The IEEE Standards Association deﬁnes RPA as follows [6]: “A preconﬁgured software instance that uses business rules and predeﬁned activity
choreography to complete the autonomous execution of a
combination of processes, activities, transactions, and tasks
in one or more unrelated software system to deliver a result
or service with human exception management.” A detailed
example can be found in [24]. RPA automates one or several
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tasks of a business process. In this context, a business process
consists of a set of process tasks performed in coordination
in an organizational and technical environment. These process
tasks describe pieces of work to be performed within a certain
time period [12]. An instance of a business process is called
case in the following.
RPA bot development lifecycle. Software development
requires various stages for a successful completion: starting
from planning and designing the software to its implementation. [16] introduces the development lifecycle to provide
a structured way to conduct IT projects. In the context of
bot development, we stick to the following four stages (cf.
Fig. 2) to structure the checklist for RPA bot development.
This structure supports knowledge workers with the transition
from their daily tasks to RPA tasks, and provides stability
and certainty to them. The Evaluation stage focuses on understanding and analyzing the as-is process, which is the
candidate to be automated with RPA. The Preparation stage
deﬁnes the to-be process that shall be executed by the bot. The
Implementation stage includes the development of the RPA bot
according to the design deﬁned in the previous stage. The bot
is tested to determine whether it behaves correctly. Finally, the
Maintenance stage deploys, maintains, and operates the RPA
bot. Moreover, it measures its performance.
Evaluation

Preparation

Implementation

To overcome Challenge (2), we develop and empirically
validate an RPA user acceptance model with 50 RPA users in
engineering [21]. Our results indicate that the most important
factors, which signiﬁcantly inﬂuence perceived usefulness and
perceived ease of use of RPA bots, are facilitating conditions,
result demonstrability, innovation joy, and social inﬂuence.
These ﬁndings are used to derive recommendations for the
design and development of RPA bots increasing acceptance of
employees using the bots during their daily work.
Challenge (4) is addressed by evaluating the usability of
RPA bots in industry and providing user interface design
guidelines to bot developers [22]. The results, which we obtain
from 50 questionnaires ﬁlled by RPA users, indicate that
error tolerance, perceptibility, directability of user’s attention,
suitability for the task, and availability of the RPA bot need
to be improved. We derive seven guidelines for designing the
user interface of RPA bots. Potential improvements include
the quality of error messages, the efforts for error-handling,
and the monitoring of the current status of the tasks assigned
to the bot.
The ﬁndings we reported in [21], [22] refer to single
items of the overall checklist, which are assigned to the
development stages. Hence, a checklist to address Challenge
(5) is derived. The checklist is aligned along the software
development lifecycle (cf. Fig. 2). The initial version can be
found in Fig. 4.

Maintenance

IV. I TERATIVE I MPROVEMENT OF THE C HECKLIST

Fig. 2. Software development lifecycle stages according to [16].

The three checklist reﬁnement steps are presented in the
following sub-sections. The reﬁnement is based on criteria
we retrieve from literature: The content of the checklist is
applicable and relevant in practice. The formulations are
clear and simple, and they foster understandability. The
checklist is useful and easy to use [2], [5], [9], [13], [26].
In order to decide, which checklist items are relevant, we
deﬁne the following inclusion criteria:
• Inclusion Criterion 1: The checklist is kept general, i.e., it
contains no project-, company-, or RPA provider-speciﬁc
information.
• Inclusion Criterion 2: The checklist is primarily intended
for knowledge workers with basic RPA knowledge who
shall develop RPA bots.
• Inclusion Criterion 3: The checklist provides general
checklist items and does not cover technical issues.
Overall, we want to thoroughly understand the pros and cons
of the initially proposed checklist. In particular, missing checklist items shall be identiﬁed and a wide range of improvements
should be gathered.

III. I NITIAL D EVELOPMENT OF THE C HECKLIST
This section develops an initial version of the checklist that
shall support knowledge workers in developing RPA bots.
The checklist is designed based on previous work (cf. Fig.
3). In particular, we carry out interviews with 12 knowledge
workers who ﬁll the role as RPA developers in engineering
and we distribute questionnaires to them. The goal is to
understand the effects currently achieved with RPA projects
in the engineering domain [23]. We discover that the positive
beneﬁts promised in RPA literature are not always achieved
in practice. In particular, shorter case duration and better
quality are not conﬁrmed by the empirical data gathered in
the considered RPA projects.
Through an exploratory case study of three RPA projects
in the automotive domain, we identify ﬁve main challenges
in current RPA projects [25]. The challenges that should be
tackled for any successful RPA development are as follows: (1)
identifying the right process to automate, (2) understanding the
factors inﬂuencing user acceptance, (3) explaining RPA to the
users, (4) designing human bot interaction, and (5) providing
software development guidelines for RPA development.
The current state-of-the-art is analyzed with a systematic
mapping study [24]. Using the classiﬁcation framework resulting from this mapping study, we determine challenges that
have not been addressed in literature, i.e., Challenges (2), (4),
and (5).

A. First Checklist Reﬁnement Iteration - SWOT Analysis
We ﬁrst perform an analysis of the strengths, weaknesses, opportunities, and threats (SWOT) of the initially
proposed checklist [1]. Strengths/weaknesses are advantages/disadvantages of the checklist that arise from its use.
Opportunities, in turn, are features of the checklist that can
be used, whereas threats examine problems that the checklist
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Fig. 3. Overview and context of previous research to derive initial checklist.

Evaluation:
x Examine the proposed process:
- The process will not change in the near future.
- The process is rule-based.
- The process is highly manual and repetitive.
- The process has digital input and output.
- The process does not have a lot of variants.
- The process is well analyzed and documented.
- The process saves 0.5 Full Time Equivalents (FTE).
x Does your management support the implementation of the
RPA bot?
Preparation:
Have you talked to the end-users and have you understood
their expectations?
x Have you considered the following guidelines for a userfriendly design of the bot?
- In case of an error, the bot provides an understandable
error message that helps the end-users to fix the error.
- In case of an error, the end-users can easily correct the
mistake by themselves.

x

-

The end-users can always see the status of their task. How
did you design this guideline?
The end-user’s attention is attained if bot finishes or fails.
How did you design this guideline?

Implementation:
Does the bot work reliable?
Does the bot produce results within a reasonable response
time?
x Is the bot trustworthy?
x Have you documented the implementation in detail?
x Can the RPA bot be used without additional efforts?

x
x

Maintenance:
Have you offered training sessions for the end-users?
Have you provided user manuals for them?
Have you established RPA opinion multipliers, i.e.,
colleagues advertising the RPA bot?
x Have you demonstrated the advantages of RPA?

x
x
x

Fig. 4. Initial version of the checklist to support knowledge workers in RPA projects.

could cause [1]. Strengths and weaknesses are internal aspects
for the person using the checklist, i.e., the RPA developer.
Opportunities and threats are external aspects for the person
using the resulting bot, i.e., the end-user [14]. Strengths
and opportunities are helpful for achieving goals, whereas
weaknesses and threats are harmful for achieving them. The
results of the SWOT analysis (cf. Table I) can be used to
further evolve the checklist.
Based on the SWOT analysis, we derive several checklist improvements. First, we emphasize the strengths of the
checklist. To the best of our knowledge, there is no other
artifact supporting knowledge workers during RPA projects
(i.e., bot development). The checklist reduces the efforts
needed to search for information on bot development and the
developer can work without support and, therefore, is more
autonomous. For knowledge workers the use of the checklist
is intuitive, as they are familiar with working with checklists
[10]. The checklist provides insights for RPA developers on
user requirements as it is based on comprehensive research
(cf. Fig. 3). These include user acceptance factors as well
as recommendations for designing RPA user interfaces. The

checklist itself provides a good overview on necessary steps to
develop RPA bots and is independent of any RPA tool provider.
However, it can be easily adapted and expanded to project- or
company-speciﬁc needs.
Second, regarding weaknesses, the checklist might be too
unspeciﬁc and general. As our goal is to provide rather
general guidelines (cf. Inclusion Criterion 1), this weakness
is not considered further. However, the checklist needs to be
improved to overcome the weakness that knowledge workers
need to understand the formulations of the checklist items.
Hence, explanations need to be included, e.g., what rulebased processes or process variants are. The implementation
stage might take longer when following all checklist items.
However, this weakness can only be assessed if the checklist
is used during RPA projects. In particular, the strengths should
outweigh this speciﬁc weakness. Moreover, one can argue
that no technical information is provided by the checklist.
Technical issues, e.g., naming conventions, are often handled
by companies. Therefore, we decide to not include them in the
general checklist. Companies that want to apply the checklist,
however, may customize it to their speciﬁc needs (Inclusion
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TABLE I
R ESULTS OF THE SWOT ANALYSIS .
Helpful for achieving goals
Internal

•
•

•
•

•
•
•

External

•
•
•
•
•

Harmful for achieving goals

No other artifact is known that supports knowledge
workers in developing RPA bots.
The checklist reduces the efforts to search for information. Moreover, knowledge workers are more autonomous.
The checklist is easy to use as knowledge workers are
used to work with checklists.
The checklist provides insights for the RPA developer
on user requirements, e.g., acceptance factors and user
interface design.
The checklist provides a good overview on necessary
steps to develop RPA bots.
The checklist is independent of the RPA tool provider.
The checklist is easily adaptable and expandable.

•

Checklist items address improvements for user experience.
Checklist items enable a user-friendly design of the
RPA bot.
Checklist items include recommendations to increase
RPA user acceptance.
Checklist items cover easy error-handling.
The checklist promotes the success of RPA projects.

•

Criterion 3 is not fulﬁlled). The weakness that the developer is
not aware of the checklist, constitutes a serious concern. Here,
the checklist needs to be communicated to the RPA developers.
Third, as potential threat we consider that the end-users do
not care whether or not the bot has been developed based on
the checklist. Note that this threat is not relevant, as it does not
change anything. Still, the checklist supports the knowledge
worker during bot development.
Finally, the opportunities for bot users are immense:
checklist-based bot development improve user experience,
increase user acceptance, and possess a user-friendly design
with easy error-handling. Overall, the checklist promotes the
success of RPA projects.

•
•
•
•

The checklist is not speciﬁc enough due to general
guidelines.
Knowledge workers need to understand the wording of
the checklist items.
The checklist might cause more work to develop RPA
bots.
No technical information is given in the checklist.
The RPA developer is not aware of the checklist.

End-users do not care whether the RPA developer uses
the checklist or not.

Interviewee 3: 9 months of scientiﬁcally working with
RPA, coauthor of [22].
• Interviewee 4: 8 months of scientiﬁc experience with
RPA, coauthor of [21].
• Interviewee 5: 1.5 years of experience with managing
RPA projects.
• Interviewee 6: 1.5 years of communicating and explaining
RPA to employees.
We systematically analyze the interview responses and
divide them into the following categories:
Category 1: General information. Comments in this category emphasize the relevance of several checklist items and
indicate which items should be kept in the checklist:
• Examination of the process before RPA development,
especially regarding its rule-basedness.
• Looking at Full Time Equivalents (FTE) savings.
• Standardization of the process to be automated.
• Enhancing reliability of the bot and the corresponding
recommendations.
Category 2: Recommendations for visual representation.
Some interviewees provide ideas for a good presentation of
the checklist to facilitate its usage. One idea is to consider
the software development model already used in the company
for the checklist. Another one is to use a uniform sentence
structuring and appearance. The former violates Inclusion
Criterion 1, the latter is implemented in the checklist.
Category 3: Improvements regarding wording. Many
recommendations are made to improve the labeling of checklist items and, therefore, to facilitate the understanding of the
checklist. These minor changes concern
• better explanations of concepts, e.g., rule-based and FTE
savings,
•

B. Second Checklist Reﬁnement Iteration - Interviews with
RPA developers
In the second step, we randomly choose six potential users
of the checklist, i.e., knowledge workers who are RPA developers in the automotive industry. Each interview is conducted
via MS Teams and lasts around 30 minutes. We present the
checklist and ask whether checklist items are missing or
existing checklist items shall be left out. Moreover, we ask for
recommendations for improvements including the wording and
visual representation to further sharpen the checklist. The RPA
developers are selected based on various experience levels with
RPA:
• Interviewee 1: 1.5 years of communicating, supervising,
and programming RPA bots.
• Interviewee 2: 4 years of experience with RPA; established RPA in the company and works in the Center of
Excellence for RPA.

55

improved labeling, e.g., session instead of training,
avoidance of ambiguities, e.g., guideline, and
• completion of sentences with details, e.g., what is meant
by non-changing IT systems.
Category 4: Missing checklist items. Regarding the contents of the checklist, the interviewees identify several items
that should be included in the checklist:
• At the beginning of the RPA project, clarify who is
responsible for maintenance and operation of the RPA
bot.
• Ensure management support right at the start, including
the advertisement of the planned bot.
• Get early end-user feedback.
• Continuously monitor and improve the usage of the bot.
• In case of an error, guarantee that the end-user can not
only correct the error, but also ﬁnish the task manually.
• Reuse code from existing bots.
• Differentiate between Go Live and Maintenance stage.
The former deploys the RPA bot once, whereas the latter
maintains and operates the RPA bot continuously.
Category 5: Checklist items to be left out. Only two items
contained in the initial checklist are considered as candidates
for being left out:
• The process is well analyzed and documented. Here,
three interviewees independently agreed on excluding this
checklist item. The respective process should be analyzed
in detail as part of the RPA project, i.e., its detailed
analysis is not a prerequisite.
• How did you design this guideline? According to the
interviewee, it is not interesting how the design is determined, as the checklist should provide support and
not force the developer to document design elements. We
agree on this opinion and leave the question out.
After implementing the recommended changes in the checklist, it is sent to all six interviewees to conﬁrm its correctness
and completeness.

their experience with RPA (in years), and the number of
completed RPA projects2 .
We ﬁrst present general information, i.e., age, business area,
and RPA experience of the 89 respondents. The majority is
younger than 30 years (53%, N=47); 31% (N=28) of the
respondents have an age between 30 and 40 years, 10% (N=9)
are between 41 and 50 years old, and 6% (N=5) are older than
50 years (cf. Fig. 5, left). The right side of Fig. 5 shows the
business areas of the respondents. Note that the latter may
belong to several areas and, therefore, the total number exceeds
89. The majority works in IT (44%, N=50). 19% (N=22) work
in Automotive, and 20% (N=23) in Finance. Healthcare (5%,
N=6), Research (7%, N=8), and other business areas (5%,
N=6) are only represented with a small number of respondents.

•
•
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20
10
9

5
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< 30

30-40

41 - 50

50

40
30
20
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10
8

6

0

6

>50

Age

Fig. 5. Age and business area of the respondents.

The RPA experience of the respondents is measured with
two questions. First, we ask them in how many RPA projects
they have been involved: 38% (N=34) have been involved in
more than ten RPA projects, 24% (N=21) in six to ten projects,
13% (N=12) in three to ﬁve projects, 19% (N=17) in one or
two projects, and 6% (N=5) in no RPA project so far (cf. Fig.
6, left). Regarding the years of RPA experience, 15% (N=13)
have worked less than one year with RPA, 34% (N=30) one or
two years, 40% (N=36) three to ﬁve years, and 11% (N=10)
more than ﬁve years (cf. Fig. 6, right). Hence, the respondents
are rather young and experienced with RPA, not only in terms
of years working with RPA but also in terms of the number
of RPA projects they have been involved in.

C. Third Checklist Reﬁnement Iteration - Online Survey
During the third iteration, we design an online survey for
RPA developers. The latter are invited via e-mail, Twitter, and
different LinkedIn and Xing RPA groups. Over a period of
two weeks, 89 ﬁlled questionnaires are gathered. The survey is
available in English and German1 and is structured as follows:
In the ﬁrst part, for each lifecycle stage (cf. Fig. 2), the
respondents are asked to assess applicability, relevance, clarity
and simplicity of formulations as well as understandability
of the checklist items on a 5-point likert scale ranging from
1 (“strongly disagree”) to 5 (“strongly agree”). In addition,
usefulness and ease of use of the checklist are assessed. In
the second part, questions about the merits and drawbacks
of the checklist as well as recommendations for improving
checklist items or adding missing ones are provided, which
can then be answered with free text. Additionally, we gather
information on the age of respondents, their business area,
1 The

40

Number of respondents

Number of respondents

50

40
34

30
20

21
17

10
0

12
5
0

Number of respondents

Number of respondents

40

36

30

30

20
10

13

10

0
1-2
3-5
6-10
> 10
Number of involved RPA projects

< 1 year

1 - 2 years 3 - 5 years > 5 years
Experience with RPA bots

Fig. 6. RPA Experience measured in number of involved RPA projects and
years.

The answers to the ﬁrst part are summarized in Table II.
Overall, all values exceed 4.15, which is a highly satisfying
result. In detail, applicability ranges from 4.21 in implementation up to 4.42 in evaluation, the mean value is 4.30. Rele2 The raw data are available at https://www.researchgate.net/publication/
351714177 Raw data of online survey.

survey is accessible via https://survey.sogosurvey.com/r/tbQTIg.
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TABLE II
R ESULTS OF THE ONLINE SURVEY ( SCALE FROM 1=“ STRONGLY DISAGREE ” TO 5=“ STRONGLY AGREE ”).

applicable
relevant
clearly and simply
understandable
useful
easy to use
Mean

Evaluation
4.42
4.20
4.41
4.56

Preparation
4.27
4.34
4.34
4.38

Implementation
4.21
4.28
4.41
4.42

Go Live
4.34
4.19
4.55
4.58

Maintenance
4.27
4.29
4.39
4.40

4.40

4.34

4.33

4.41

4.34

is given (N=3) and there is no information for experienced
RPA developers (N=2). However, four answers indicate that
there are no signiﬁcant drawbacks at all.

vance lies between 4.19 for go live and 4.34 for preparation
with a mean value of 4.26. Clear and simple formulations
are rated highest with 4.55 for go live and lowest with 4.34
for preparation. The mean value is 4.42. Understandability
of the checklist is between 4.38 in preparation and 4.58 in
go live. The mean value is 4.47. Usefulness is assessed with
4.24 and ease of use with 4.32. Overall, understandability is
the criterion with the best assessment (4.47) and usefulness is
rated lowest (4.24). Regarding the different lifecycle stages,
evaluation is assessed in mean with 4.40, preparation and
maintenance both with 4.34, implementation with 4.33, and
go live with 4.41. Hence, implementation is the stage with the
lowest rating and evaluation is the one with the highest one.
To conclude, the overall mean of all criteria is 4.34, which is
on a scale ranging from one to ﬁve, highly satisfactory.
Finally, we evaluate the second part, i.e., the free text ﬁelds
on the perceived merits and drawbacks, recommendations for
improvement, and missing checklist items. Regarding perceived merits of the checklist (cf. Fig. 7), the respondents
emphasize that the checklist provides a good overview (N=11),
is especially useful for initial RPA projects (N=8), and is
comprehensive (N=7). They state that the checklist establishes
a sound standard procedure for performing RPA projects
(N=7) and that all relevant project aspects are covered (N=6).
Additionally, the checklist prevents developers from omission
errors (N=5) and is simple (N=5), short and sweet (N=4), and
to the point (N=3). Finally, the checklist is comprehensive for
users without any IT background (N=3).

Drawbacks

Number of respondents
4
6
8

2

too few details
support for each lifecycle stage
no disadvantages
incomplete checklist items
not project-specific
no explanation of RPA
not for experienced developers

10

12

11
6
4
3
3
3
2

Fig. 8. Drawbacks of the checklist.

Concerning the recommendations given for improving the
checklist (cf. Fig. 9), some respondents ask for more details
(N=7), but without giving examples. Seven respondents suggest concrete improvements for speciﬁc lifecycle stages, e.g.,
to evaluate whether the IT system is suited for automation
(evaluation) or to identify and save reusable code components
(implementation). Three different improvements regarding the
checklist design are given, namely to use check boxes for every
item in the checklist, to represent the checklist as a table, and
to implement its logic using a workﬂow tool. We decide to
follow the idea of the check boxes. Further representation ideas
can be either realized by the RPA developer or the company
adopting the checklist.

12

11
8
7
7

Merits

good overview
useful for initial RPA projects
comprehensive
sound standard procedure
all relevant aspects covered
prevents omission errors
simple
short and sweet
to the point
comprehensive w/o IT background

0

Recommendations

0

Number of respondents
2
4
6
8
10

Mean
4.30
4.26
4.42
4.47
4.24
4.32
4.34

6

0
more details
improvements for specific stage
no recommendations
improve design

Number of respondents
2
4
6

8
7
7

5
3

Fig. 9. Recommendations to improve the checklist.

5
5

We categorize the missing checklist items mentioned by
the respondents as follows (cf. Fig. 10): several respondents
state that no items are missing (N=7). Six respondents ask
for more information on data protection and testing or validation of the implemented bot. RPA knowledge (N=4) and
stakeholders (N=4) shall be included. Other missing items
include the business beneﬁts (N=3) and information regarding
the coordination with the works council (N=2). According to
two respondents, administrative tasks, e.g., requesting access
rights for the bot, should be included.

4
3
3

Fig. 7. Merits of the checklist.

The perceived drawbacks of the checklist (cf. Fig. 8)
include that it covers not enough details (N=11), it should
provide an explicit support of each lifecycle stage (N=6), its
items are not complete (N=3), and it is not project-speciﬁc
(N=3). Several respondents remark that no explanation of RPA
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Number of respondents
2
4
6

Missing Checklist Items

0
no aspects missing
data protection
testing/validation
RPA knowledge
include stakeholders
business benefits
works council
administrative tasks

TABLE III
OVERVIEW OF THE SIX RPA PROJECTS .

8
7

Project
P01
P02

6
6
4
4

P03

3
2
2

P04

Fig. 10. Missing checklist items.

P06

P05

Based on the survey results, we add the following checklist
items:
• Evaluation: we add an item to calculate the expected
FTE savings. Furthermore, we add an item right at the
beginning, i.e., the involvement of subject matter experts
to understand the task correctly. Additionally, to complete
the evaluation stage, the general feasibility of RPA should
be evaluated based on the checklist items in this stage and
an appropriate item is added.
• Implementation: we add an item to identify and save
reusable components. The testing of the RPA bot has
been neglected so far. Taken the various comments into
account, we add an item, i.e., Test the RPA bot and
some sub-items to consider, e.g., to create a testing
environment, to select release criteria, and to perform
quality assurance tests. Another item, which has not been
addressed, is security. Therefore, we add the checklist
item Implement the RPA bot securely. Secure implementation includes that the RPA bot only has the roles and
access rights needed to complete its tasks and that trycatch statements are used for error-handling.
• Maintenance: two items are addressed, i.e., to check the
bot daily and to maintain it regularly. We try to ameliorate
the phrases in maintenance to account for these demands.
The checklist improved with the results of the three iterations can be found in Fig. 15 in the Appendix3 .

Bot description
Bot ﬁlls a template with data from various systems.
Bot copies and pastes data from Excel ﬁles into an Enterprise
Resource Planing (ERP) system.
Bot reads an Excel ﬁle and creates corresponding entries in
the ERP system.
Every hour, the bot downloads recent data from systems for
visualization.
Bot opens different calculations and saves data in one central
location.
Bot checks an information system and sends an e-mail as
soon as new content becomes available.

P05), with P01 achieving FTE savings of 2.86FTE. The other
three projects have medium FTE savings between 0.54FTE
and 0.70FTE.

RPA Projects

P01

2.86

P02

0.60

P03

0.70

P04

1.20

P05

1.14

P06

0.54
FTE Savings

Fig. 11. FTE Savings per RPA project.

Better result quality is measured by the percentage of cases
with error before and after RPA introduction. Fig. 12 visualizes
this measure: three projects (P02, P03, and P06) reduce the
number of cases with error by 46% to 71%. P01 implements
a business process that has no cases with error before RPA
introduction and the RPA bot works perfectly not causing
any errors. For P04, it is not possible to get the required
data. P05 implements a business process that has not been
performed manually. Only with RPA, it becomes possible to
save the calculation data as required. Therefore, before RPA
introduction no data is available.
P01

V. E VALUATION OF THE C HECKLIST

0
0

+/- 0%
13

P02
RPA Projects

The derived checklist is evaluated in six RPA projects, i.e.,
P01-P06. We provide the checklist to the knowledge workers
developing the RPA bots and accompany as well as observe the
projects to measure FTE savings, error reduction, and mean
case duration to assess whether or not the checklist helps to
better achieve RPA beneﬁts. Note that shorter case duration
and better quality have not been conﬁrmed by the empirical
data gathered in previous RPA projects [23]. Table III provides
a short overview on the six projects. Note that more detailed
information cannot be given due to privacy reason.
Fig. 11 shows the FTE savings for the six RPA projects
(P01-P06). Three projects save more than 1FTE (P01, P04, and

7

-46%
25

P03

12

Before RPA Introduction

P04
P05
P06

-52%

After RPA Introduction
0
17
5

-71%

Cases with error (in percent)

Fig. 12. Percentage of cases with error before and after RPA introduction
and percentage change.

Finally, we assess whether the RPA introduction increases
process speed. Two measures are evaluated in this context, i.e.,
the number of cases per day and the mean case duration. For
three processes (P02, P03, P06), the number of daily cases is
the same before or after introducing RPA (cf. Fig. 13). Again,

3 An English and a German version are available at https:
//www.researchgate.net/publication/351714181 Final Checklist English
and German.
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Concerning weaknesses and drawbacks, only one aspect is
present in both the SWOT analysis and the online survey, i.e.,
the checklist is not speciﬁc, but rather general. The weakness
that the user has to understand the wording (SWOT analysis)
is not conﬁrmed by the online survey. Indeed, it is mentioned
that the checklist is comprehensive. This might be due to
the numerous wording improvements suggested during the
interviews. As general drawbacks no technical information,
no information on RPA, and no details on dedicated lifecycle
stages are provided. We are aware of these drawbacks. However, we consciously opt for general guidelines, which can be
ﬁlled with details by RPA developers or companies adopting
the checklist (cf. Inclusion Criterion 1).
Missing checklist items addressed in the interviews and
the online survey are different, i.e., no common items can
be identiﬁed. Therefore, the missing items identiﬁed during
the interview, e.g., ensure management support, monitor the
bot, and reuse of code, are sufﬁciently addressed. Most of
the comments made by the online survey are too general.
However, we are able to identify several checklist items that
may be improved, which mainly focus on the evaluation and
implementation stages.
The checklist fulﬁlls all criteria (cf. Section IV) in a highly
satisfying manner: The latter are evaluated with means between 4.24 and 4.47 on a scale from one to ﬁve. The assertions
of the SWOT analysis are conﬁrmed, i.e., the checklist can
be easily used (4.32) and it is useful (4.24). One weakness
revealed by the SWOT analysis concerns understandability. In
the online survey, understandablility is evaluated with a mean
of 4.47, i.e., this weakness is overcome. Regarding the values
of the lifecycle stages, the assessments range between 4.33 and
4.40. Even though evaluation is assessed as best stage, ﬁve
missing items concern this ﬁrst stage. Apart from evaluation,
missing checklist items are detected in the implementation
stage, which has the lowest assessment (4.33) of all stages.
Overall, even though the respondents are rather young (average
age around 33 years) and experienced with RPA (average
experience around three years and seven developed RPA bots),
the results indicate that the checklist is applicable, relevant,
clearly and simply formulated, understandable, useful, and
easy to use. All lifecycle stages are sufﬁciently covered.
The practical application shows the relevance of the checklist. The high FTE savings suggest several improvements in
performing RPA projects with the checklist compared to RPA
projects without: First, process tasks that are better suited
for automation are chosen. Only projects automating tasks
suitable for RPA can achieve high FTE savings. Second, RPA
bots developed with the checklist are used more often than
bots developed without the checklist. No matter how good the
process is suited for automation, FTE savings depend on the
end-users. If the latter refuse bot usage, no FTE savings can
be achieved at all. Therefore, RPA user acceptance improves
for the RPA projects using the checklist.
Regarding the cases with error before and after RPA
development, three process tasks improve, one remains the
same, and for two no data is available. Note that cases with

P05 has not been executed manually, therefore, the number of
cases per day is not available before RPA introduction. In two
projects, RPA allows increasing the number of daily cases:
P01 manages 40 cases per day before and 100 cases per day
after RPA introduction (+150%); P04 increases the number of
daily cases from one to 17 (+1600%).
40

P01

RPA Projects

P02

+/- 0%
50
50

P03
P04
P05

+150%

100
15
15

1
17

+/- 0%

+1600%

Before RPA Introduction
After RPA Introduction

10
45
45

P06

+/- 0%
Number of daily cases

Fig. 13. Number of daily cases before and after RPA introduction and
percentage change.

The mean case duration does not change for P03 as well
as P06. It is not assessable for P05 (cf. Fig. 14). For the
other projects, a clear reduction in mean case duration can be
achieved after introducing RPA. P01 decreases the mean case
duration from 12 minutes to 1.34 minutes (-89%), P02 from
16 minutes to 6 minutes (-63%), and P04 from 45 minutes to
30 minutes (-34%).
P01

12
1.34

16

P02
RPA Projects

-89%

6
6
6

P03

Before RPA Introduction
After RPA Introduction

-63%

+/-0%
45

P04
P05
P06

-34%

30
48
5
5

+/-0%
Mean case duration (in minutes)

Fig. 14. Mean case duration in minutes before and after RPA introduction
and percentage change.

VI. D ISCUSSION
Regarding the strengths and merits of the checklist, the
results of the SWOT analysis and the online survey overlap:
the checklist is a good and short overview of necessary steps
to develop RPA bots. Further, it is easy to use and can be
easily adapted and extended. Additionally, it helps preventing
omission errors in RPA projects. In the SWOT analysis, we
emphasize that the checklist is useful as it is independent
of any RPA tool provider. Moreover, no other artifact is
known that supports knowledge workers in conducting RPA
projects, and insights into users requirements are given. None
of these merits is picked up in the online survey, but several
respondents point out that the checklist is very useful in areas
where RPA projects are conducted for the ﬁrst time.
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error using the RPA bot are mostly due to employees not
providing the correct input [25]. Hence, the checklist helps
RPA developers in developing less error-prone RPA bots.
The speed of process execution is evaluated with two
measures. First, we look at the number of daily cases: at least
two projects using the checklist increase the number of daily
cases. Therefore, RPA possibilities are more manageable for
the RPA developers. Further, P05 is a newly created process
task, which would not exist without RPA. Second, the mean
case duration is evaluated. For projects using the checklist,
the percentage change regarding mean case duration ranges
between -89% and +/-0% with an average of -31%. Therefore,
the checklist helps to speed up business process tasks with
RPA bots. The developers adhere to the guideline to provide
answers to the end-users within a reasonable response time.
In conclusion, in the investigated RPA projects, the ones
using the checklist result in signiﬁcantly better effects than
the ones without a checklist [23].
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VII. S UMMARY AND O UTLOOK
In this paper, we present checklist-based support for knowledge workers in developing RPA projects. The checklist shall
help knowledge workers to develop ﬁrst RPA bots. Its initial
design is based on the identiﬁcation of RPA challenges [25]
as well as guidelines to improve RPA user acceptance [21]
and to design RPA user interfaces [22]. The initial design of
the checklist is then iteratively improved over three cycles.
Each improvement cycle aims to understand the pros and cons
of the checklist and to identify missing checklist items. The
ﬁnal checklist is evaluated in six real-world RPA projects.
By using the checklist, none of the projects fails and the
expected beneﬁts such as FTE savings, error reduction, and
faster process execution are achieved. In future research, we
will focus on further improvements of the checklist including
guidelines for updating (e.g., versioning). Further, we will
evaluate the checklist with project participants as well as
in RPA projects from various domains. However, given the
satisfying results, we are certain that the current checklist
already adds value to RPA projects and should be accessible
to all.
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Evaluation:
1. Evaluate the task proposed to be automated with RPA.
The task is rule-based, i.e., the decision making is
based on consistent rules without any exceptions.
Therefore, the task does not have a lot of variants.
The task is highly repetitive and always requires the
same actions.
The input and output of the task are digital, i.e.,
structured and electronically readable.
The task and used IT systems will not change in the
near future. The roadmaps of the IT systems do not
indicate new releases or changes. The only
exception is a bot, which only runs once, e.g., to
copy data from an old to a new system and its
savings are reasonable high.
Involve subject matter experts to understand the task
correctly.
2. Evaluate the organizational environment.
The responsible management supports the
automation.
The management is advertising for the planned RPA
bot.
The responsibilities for maintenance and operation
of the RPA bot are clarified.
Necessary working capacities for maintenance and
operation are available.
3. Evaluate the expected savings.
How many minutes can the automation of the task
save per execution?
How many employees perform this task?
How often is the task executed per week?
Check whether the development of the RPA bot is
worthwhile by converting the savings into FTE:
(number of executions per week * number of
employees * min. per execution) / weekly working
hours.
4. Evaluate the feasibility of the RPA project considering the
aspects from above.
Preparation:
1. Prepare the end-users.
You consider all end-users and think of end-users
outside of your business unit.
You present the possibilities of RPA to the end-users
and understand the end-users’ expectations in the
RPA bot.
You standardize the task such that it can be used by
every end-user.
2. Prepare the RPA bot.
If possible, reuse code from existing RPA bots.
In case of an error, the RPA bot provides an
understandable error message that helps the enduser to fix the error.
In case of an error, the end-user can easily correct
the mistake or finish the task manually.

The end-users can always see the status of their task.
The end-user’s attention is attained if the RPA bot
finishes or fails.
Implementation:
1. Implement the RPA bot reliably.
If the same input is provided, the RPA bot always
produces the same output.
If an error occurs, a message is provided.
The RPA bot does not lead to system errors in the IT
systems it operates.
2. Implement the RPA bot trustworthy.
The RPA bot works as designed.
The RPA bot is privacy-protecting and tamperproof, especially regarding employee data.
The RPA bot is documented in detail in the code.
3. Implement the RPA bot securely.
The RPA bot should only ever have the roles and
access rights necessary to perform its tasks.
Use try-catch statements and other error handling
extensively.
4. Implement the RPA bot with the end-user.
Provide a minimal viable product (MVP) for the
end-user.
Include the end-user in testing the RPA bot.
5. Implement the RPA bot reusable.
Save reusable components of your RPA bot such
that other developers can use them.
6. Test the RPA bot.
Create a testing environment.
Select release criteria carefully with the end-users
(user acceptance test).
Perform quality assurance tests.
Go Live:
1. Communicate the Go Live of your RPA bot.
Establish RPA opinion multipliers, i.e., colleagues
advertising the RPA bot.
Include the management to communicate the
advantages of the RPA bot.
2. Facilitate the Go Live for the end-user.
Offer sessions for the end-users where they learn the
usage of the RPA bot.
Provide user manuals for the end-users, which are
easily understandable for non-IT users.
Maintenance:
1. Maintain the RPA bot.
Monitor daily the usage of the RPA bot.
Improve the RPA bot continuously and regularly.
Change the RPA bot to account for changes in IT
systems to ensure that the RPA bot always works.
2. Maintain the end-user involved in the RPA project.
The end-user can monitor the bot via a dashboard.
The end-user can suggest improvements of the RPA
bot.

Fig. 15. Final checklist to support knowledge workers in RPA projects.

61

