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The Reuse of Business Process Automation Artefacts

Peter A. Francois' and Ralf Plattfaut?

Abstract: Reusing business process models and process-related artefacts is deemed an essential
factor in BPM initiatives by researchers and practitioners. The reuse of corresponding artefacts has
been researched and practiced for almost 40 years. Yet, with the growing adoption of component-
and platform-based information systems, a current review of how we view and conduct reuse in
Business Process Automation becomes necessary. The advent of citizen developers further increases
the need for a consolidated overview of the knowledge on reuse. As citizen developers are not trained
to conduct reuse, guidance on how to harness the potential of reuse is needed. Based on a literature
review, we identify four main layers on which process automation artefacts are reused and list ex-
emplary technologies and methodologies. In addition, we systematize nine characteristics of reused
automation artefacts and nine characteristics that describe a concrete instance of reuse. Finally, we
provide a research agenda.

Keywords: Automation Reuse, Business Process Automation, Literature Review, Process Reuse,
Reuse Layers, Citizen Developer

1 Introduction

Both supporting digital innovation and enabling quick adaptation of processes and auto-
mation solutions are current challenges for business process management (BPM) [Ke21].
There is also wide agreement that — where sensible — business processes and associated
artefacts should be reused [Dul8, Dal5, RV15, RMR15].

While there is broad knowledge about the reuse of business process models (e.g., reference
models, reuse of sub-processes, see e.g., [Dul8, Hol0, BDKO07]), scholarly research has
identified the need for more insights on both process reuse [RMR15] and reuse of process
automation solutions [As19, Sy20, LW18]. Especially since process automation solutions
are considered digital innovations and are said to grow in importance [By15].

Digital innovations have disrupted several markets [Vil9]. The ability of Information
Technology (IT) to automate current processes can be a deciding factor in the success of
companies [WH20]. Recent disruptions in supply chains and operations have forced entire
industries to rapidly adapt their processes or even business models. This pressure also led
to the need to adapt corresponding Information Systems (IS) [CCT22, R622]. However,
companies are partially hindered in building adequate automation solutions themselves
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due to a shortage of competent IT workforce. This shortage has persisted almost consist-
ently since the 1980s, leading to a decreased ability to create new IT artefacts and maintain
existing ones [Ko84, KS98, NR06, Dil5, BNK22].

The reuse of IT artefacts for process automation has been named one measure to cope with
both the shortage of competent IT workforce and the need for innovation through quick
creation and adaptation of IS (see, e.g., [Ha99, SRK12, Ry19, RJS17]). Next to resolving
this dilemma, reuse also brings several benefits, such as improved maintainability, quality,
flexibility, productivity and the ability to scale (see, e.g., [LW18, AP10, ZT05, Wi06,
Ap90, RIS17, As19]). Especially in process automation, the need for reuse has been high-
lighted in the literature. For example Lacity and Willcocks [LW18, LW21] describe the
reuse of automation artefacts as necessary to be able to reach a significant scale under
consideration of cost and time. Dumas et al. [Dul8] describe “standardization and reuse
across projects” as criteria for a high BPM Maturity.

Since the reuse of artefacts brings such a wide range of benefits, we argue that there is
merit in further exploring the reuse of automation artefacts. The ongoing relevance and
extensive history of reuse within research (c.f. [Mc68, HHL22]) lend themselves to a lit-
erature review. Without clear knowledge and guidelines on automation reuse in the entire
artefact lifecycle, several issues arise. Such issues include the inability to design and create
IT artefacts in a way that makes them easy to reuse, yet effective when reused (e.g., [ZTO05,
Ap90, 422, DUBI11]), realizing the highest possible value using reusable artefacts using
the least resources (see, e.g., [LW18, Wi06, LMS07]) and systematically applying reuse
across different hierarchical layers of automation reuse (see, e.g., [KS98]). In this article
we therefore aim to uncover the following research questions:

RQ 1. How is reuse conducted in Business Process Automation?
RQ 2. Which Characteristics of artifacts and reuse instances (concrete cases of reuse)
are mentioned in the literature?

To further our understanding of the reuse of automation components and to enable BPM
and process automation research to make use of related concepts, we first identify layers
reuse can be conducted on and then develop characteristics of both the Reuse Artefacts
(RAs) and the Reuse Instances (RIs).

2 Background

Following existing literature, we define the reuse of automation solutions as using the
same IT-artefact in new circumstances or taking (parts of) an existing artefact [KLJ18,
Br01] in order to save on effort when creating or extending an artefact [KS98, BrO1,
FKO05]. The initial artefact may have been previously developed in-house [KS98] or sup-
plied externally [KLJ18].

As such, the reuse of process automation solutions is a cognitive process that involves
analysis of the existing artefact in light of new requirements, selecting suitable parts of the
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existing artefact, and (if necessary) adapting these parts or adding additional elements
(other existing artefacts or specifically developed ones) (see, e.g., [PB13, EJP21, PSHO3,
As19]) to enable additional automation. Each complete execution of such a process is re-
ferred to as a reuse instance (see e.g., [JRS06, RJS17, BB91]).

There has been a long history of reusing automation artefacts. Montecinos [M096] argues
that humans have always utilized reuse in their reasoning processes and that experience is
nothing other than the reuse of existing knowledge and methods. The reuse of information
artefacts originated in the 1960s (see, e.g., [Ko07, M096, Mc68]). Reuse research first
focused on in-house code reuse [RIS17, AP10]. Newer concepts tend to be component-
based and work by integrating smaller subsystems (e.g., accessed through such APIs
[HHL22]), focusing on interoperability between different systems and languages as well
as swift re-configurability and reusability (see, e.g., [B100, SJ03, SR05, ZS02]). The abil-
ity to quickly adapt systems is especially important when processes change [RL08]. At the
same time, some of the “old” concepts of reuse, like functions [KS98] and objects [SJ03]
have become an essential part of artefact development. However, a structured overview
regarding the concepts of reuse in automation is still missing, which we will provide in
the following.

3 Method

As the reuse of artefacts has a long history in IS research and practice, we conducted a
structured literature review to answer our research questions. Literature reviews allow for
gathering and systemizing rigorously published knowledge within a domain [Pal5]. We
followed a three-step sequential process [WWO02, Vol5]:

We first applied a keyword-based approach to identify relevant literature and give a com-
prehensive overview of the concepts used. We used automation reuse (as two words with-
out operators) as keywords across all search fields to first identify relevant articles. As
research outlets, we chose the databases of key journals and IS conferences [Vol5]. To
uncover BPM-specific concepts, we included the BPM conference. In order to achieve a
broad view of our field, we included the AIS e-library as well as the senior scholar basket
of eight (EJIS, ISJ, ISR, JIT, JMIS, JSIS, JAIS, MISQ). These outlets were chosen since
they represent a broad picture of our field, combining both high scientific relevance (ad
established journals) and state-of-the-art publications (ad conferences) [GMT14]. We did
not limit the publications reviewed to a specific timespan since older reuse concepts may
still be relevant or transferrable to current contexts.

This initial search led to 2075 identified articles. After removing 76 duplicates, the first
author manually screened the remaining articles by title for their potential relevance to the
topic and research questions. Articles where the title implied that the articles were out of
the scope of this review (e.g. “Driver Trust in Automated Driving Systems”). 1.745 arti-
cles were excluded based on this. For the remaining 254 articles, the first author manually
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screened the abstract and excluded 118 articles mentioning the reuse of software and au-
tomation only in passing. This resulted in 136 articles for our thorough analysis. During
this analysis, we added another 34 articles through a selective backward search, yielding
a total of 170 articles. A foreword search was not deemed necessary due to the broad
search term and the inclusion of conference proceedings (see Figure 1).

g Search for search for Search for Automation Reuse in
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Records screened by abstract: Records excluded by abstract:
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® . Backward Total number of
-] Initial search: :
3 136 - search; articles analyzed:
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LIAlS and MISCL are included in the AIS e-library

Fig. 1. Literature search process

In the second step, we followed the principles of grounded theory to analyze the literature
[WFW13, Bal5]. All relevant articles were initially coded using open coding by both in-
volved researchers to uncover the fundamentals of automation reuse and further relevant
themes and theories. Next, we reviewed the resulting codes and aligned similar codes in
an iterative process [Pel9] (e.g. “SoftwareComponents ChoosingGranularity” or “F_Re-
use_Layer”). We yielded 89 of these aggregated codes, found in 826 coded segments in
the sources.

As a third step, we applied another final coding iteration, in which we applied axial coding
within the codes formed in Step 2 to uncover relevant features of automation reuse in a
similar iterative process [WFW13]. This second round of axial coding was equivalent to
the categories mentioned in our main findings, as depicted in Figure 2 and Table 1. Finally,
we compare the results of our grounded-theory-based literature review with the results of
prior overview articles (i.e., [KS98, PCH93]).
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4 Findings

4.1 Layers of Automation Reuse

Based on our analysis of 170 unique research articles, we extend the work of Poulin et al.
[PCH93] and identify four main layers on which automation reuse can occur: Knowledge,
Specifications, Software and Architecture (see Figure 2). Here, reuse on a higher layer
also includes some degree of reuse on lower layers (e.g., reuse of specifications includes
reuse of the corresponding knowledge).

Reuse Layer Example

* Reusing the entire-IT-stack
Reuse of

Architecture e Coutsiner:

+ Standard software
Reusing existing [non-standard)

Reuse of applicatinns
Software ‘%o'

Yoy« Objects

Service Oriented Architectures
Reuse of \

Specifications

£

Copying lines of code
* Adapting code

Requirements
Information and processing
madels, Process models

Reuse of
‘Knowledge

Domain knowledge
+ Artifact development knowledge
(e.g. conventions)

b

Fig. 2. Layers of Automation Reuse and corresponding examples

The innermost layer identified is the layer of knowledge: Actors can reuse knowledge
gained in previous projects for new development [JT08, Ko07, EJP21, M096, SM04]. This
knowledge includes, for example; domain knowledge [JT08, PSH03, M096], the results
of data analysis [Ap90], and knowledge on the artefact development processes itself
[JTO8, FKOS5, Ap90, EJP21, SM04]. The knowledge reused may be obvious to the actors
or hidden in higher layers [SR05, JT08]. One example of structured knowledge reuse are
patterns. Patterns offer possible paths to a solution when a specified (often occurring)
problem is faced. The knowledge of how to solve such a problem can therefore be reused
[Ha99, ACL09, EJP21]. Patterns can also be used together artefacts on other layers such
as software [EJP21, Ha99].
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In the second layer, knowledge that has been explicated in the form of specifications can
be reused [PSHO03, ACL09, Ha99, KS98, Dal5]. This includes requirements [ACLO09,
BB91, ZS02], conceptual information/data models [KS98, HAGO08], process models or
process descriptions (see e.g., [Ap90, MPR20, KS98, B&15, VS17, ACL09, BDKO07]),
graphical design [BB91, Ko07], and software documentations [BB91, KS98, Ra99,
ACLO09]. These specifications may be rigid and (partially) reused as is (see e.g., Frl4,
JWO08, SD16) or created with the possibility of flexibility / adaptability / configurability,
allowing easy reuse in various environments [Fr14, MPR20, BDKO07, val3]. Reference
processes are another significant concept allowing the reuse of generalized processes
across several organizations (see e.g., [K112, BDKO07, Zh08a, HSV09]).

In the third layer, software created based on the specifications can be reused. Here, the
literature differentiates between the reuse of source code, modules, or whole applications.
With regards to source code [KS98, Ry19, SM04, Ap90], scholars highlight that single
lines of codes [KS98, SM04] or code fragments [KS98] can be reused.

A comparably large research stream focuses on using modules or components (see, e.g.,
[AP09, B100, GRB17]). We understand a module as “a physical packaging of executable
software with a well-defined and published interface” [Ho00]. The literature describes
modules for use within one technology or system (e.g., one programming language run on
one machine) and for use across several. During artefact creation in modern languages,
classes or objects [Ba05, Br01, KS98, SJ03, SR05, Wi06, FH00], methods, functions and
subroutines [Ry19, KS98, Wi06], as well as standard libraries or packages [KS98] are
routinely used (see, e.g., [Ba05]). These artefacts are commonly reused within the same
artefact generation process but can also be reused later on (see, e.g., [FH00, SR05]). Such
practices have been verified in practice [Sw91] with companies developing repositories
for module-based automation reuse [LW18].

Technologies for module (re)use across multiple technologies and systems have gained
traction more recently (see, e.g., [SJ03, SR05]). Related technological and organizational
questions are still under research (see, e.g., [SWK22, RJS17, Li21]) and several technol-
ogies and methodologies in this vein have been proposed [Ha99, B100, JRS06, JW07].
Stemming from object-oriented development, concepts such as Component-Based Devel-
opment [SRO05, ZS02], Microservices [Li21, KLJ18] and Services based development
(see, e.g., [Li21, RLO8, Zh08b]) allow independent components to be freely arranged and
thus follow business processes closely. Such services are often designed for reuse or have
reuse in mind at the development stage [RLO8, KS98]. It may therefore be hard or even
impossible to distinguish between the “use” and “reuse” of such components. Kleinert et
al. [K112] combine the concept of reference processes with reference automations for these
processes under the name of “service blueprints”. Increasingly there are platforms that
allow creating and sharing of modules, enabling users to connect different components
created by themselves, the platform owner or third-party suppliers to create information
systems from loosely coupled modules [VK19, HHZ18].

Moreover, the era of the reuse of whole applications came with the advent of packaged
software applications in the 1960s. Standard software created by software vendors can be
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bought and reused in the organization, taking advantage of the proven “standard” func-
tionalities built into them (see, e.g., [RK00, MPR20]). Software-as-a-Service approaches
are another way of reusing entire or partial applications (see, e.g., [KLJ18, WOK18]).
Next to this, organizations can also reuse their existing artefacts. Schreieck et al., for ex-
ample, describe using an existing application as part of a new information artefact
[SWK22]. In this RI, the legacy system provides the core functionality for a platform eco-
system, allowing (from the platform component creators’ viewpoint) the reuse of this core
functionality of the system.

In the fourth and final layer, whole IT architectures can be reused. One example of this is
containerization, where every system needed for a specific task is bundled into one exe-
cutable environment [Li21]. In addition, Schreieck et al. describe reusing parts of an IT
infrastructure across multiple associated organizations [SWK22]. Karhu et al. describe
competitors reusing open-source IT architectures [KGL18].

4.2 Characteristics of Reuse Artefacts and Reuse Instances

The literature describes several characteristics as relevant for automation reuse. The char-
acteristics of RAs (artefact characteristic A1-9) and the characteristics of the specific RI
concerning a specific artefact (instance characteristics 11-9) are systemized in Table 1.
While some of these characteristics may be relevant when using any (predefined or ad
hoc) reuse process on any reuse layer (like described in 4.1) or any combination of reuse
layers, some may only be meaningful (or possible) in specific manifestation compositions.

Characteristic Manifestation
. Software .
Specifica- - Architec-
(A1) Artefact Layer |Knowledge tions Code | Module Apphca— ture
= tion
1)
'<§ (A2) Size Small Medium Large
g 5 Not designed fi
2| S gned for reuse
£ &8 (légr)i;fitsizn Designed for reuse Adapted Not adapted
= 2 for reuse for reuse
=
E . (A4) Specificity Customized Function specific Generic
9
‘g (AS) Dependency Independent Interconnected Dependent
g’ 2 E0) st Not intended Bottom-up Top-down
N : approach
g é (A7) Visibility Black box White box
& c; g No Interface Full
S |(A8) Documentation . . .
= documentation documentation documentation
=
% (A9) Reuse l\gode(i- Mixed Corlrjlpor:ient- C%nﬁg(;lr' Not method
= | methodology ase method ase ase based
~ method method method
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Characteristic (contd.) ifestation (contd.)
. Software .
) Specifica- - Architec-
% (I1) Reuse Layer Knowledge tions Code | Module A;;}i)(iilca— ture
£ ) Feamss vl Artefact Artefact Artefact
é ;E partially reused mostly reused fully reused
17} = . Lo
'E (I3) Adaptation Significant Some None
Al
9 1
E 5 «=[(14) Process Logic Identical Similar Different
= - QO
§ L% g (I5) Project affiliation Different project Same project
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g 2 - -
@ | S (I7) Reuse methodol- Model Mixed Component-|. Configur. Not method|
2 2 based based based
2| 2 | ogy method based
& | < method method method
g Original Other  |Other organ-| Private | Malicious
% (D CERarher developers | developers | izations users entities
(]
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Tab. 1: Characteristics of Reuse Artefacts and Reuse Instances

First, we already established that artefacts can be reused on several layers (A1). The reused
artefact is associated with a specific layer, yet when the reuse process itself is conducted,
it can be reused on the same layer or a different layer (I1). A finished application (e.g., a
chatbot automating a customer service process) may be reused as a module in another
system (e.g., in a self-service portal), or knowledge explicit in specifications may be re-
used in another project (e.g., a new chatbot for an internal human resource process).

Another characteristic of RAs is their size (A2). Some artefacts require a certain size in
order to be reused. Size is especially important on the component layer. The reuse of large
components brings higher value, as more is reused, yet more modification may be required
[NRO6, SRK12, KS98, PCH93], but small components can be reused on more occasions
and can thus produce value more often since they cover less functionality and require-
ments, yet are harder to find [NR06, RIS17, Ap90, KS98, PCH93]. This trade-off implies
the existence of an ideal component size, yet this ideal size is hard to find (see, e.g., [KS98,
AP09, Jo09]) and also context-specific [NR06, SRK12].

In the reuse process, the artefact size can also affect the reuse volume (12). Artefacts can
be fully reused, mostly reused (with minor alterations), or only partially reused. Artefacts
in the right context and the right size can be fully reused. In other cases, adaptation (I3) is
needed (see, e.g., [KS98]). This adaptation may be necessary from a technological per-
spective since the process logic (I4) differs in the new usage environment.

The amount of adaptation required for reuse depends on the reuse orientation (A3). Here
the literature describes artefacts designed for reuse or not designed for reuse (see e. g,
[KS98, Ap90, SM04]). When designing an artefact for reuse, the developers had reuse in
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mind during development. Ideally, this would include reusability on each layer presented
above. This can include artefacts that have been designed for the sole purpose of existing
as reusable automation components (see, e.g., [SM04]) or artefacts that have been devel-
oped for a specific purpose but with reuse in mind (see, e.g., [ACL09, KS98]).

If the artefact has not been developed with reuse in mind, it can still be adapted for future
reuse through some adaptation process (see, e.g., [BrO1, AP10, B&15]). This can happen
as part of the specific RI (in 13; see, e.g., [SWK22]) or with the goal of making the artefact
reusable in general to potentially be reused at a later stage (e. g, the discovery of relevant
legacy artefacts like described in [ACL09]). Also, components not designed for reuse and
not adapted for reuse can still be reused using the software (of even single lines of codes)
as it is.

According to Kim and Stohr, artefacts have a specificity (A4); They can be customized,
functional or generic [KS98]. Customized artefacts are intended to satisfy specific use
cases in specific processes according to specific requirements. Functional artefacts are
more general in that they are reusable multiple processes within a specific application area
or function, such as finance. Generic artefacts can be applied in any field and process
where their functionality is required (e.g., a printing operation) [KS98].

Montecinos describes several dependency levels (A5) between artefacts [Mo96]. Inde-
pendent artifacts can be reused without considering other artifacts. Interconnected artifacts
rely on other artifacts and their characteristics and functionality may need to be considered
during the reuse process. Dependent artifacts are closely intertwined with the RA and may
require major rework for reuse.

Another factor in the reuse process is project affiliation (I5). Here we differentiate between
reusing artefacts in the same or a different project [KS98, FH00, SR05]. Reuse in the same
project may occur when creating different functionalities or across different lifecycle
stages (e.g., reusing knowledge, documentation or existing code during maintenance)
[Ap90, KS98, LMS07]. Similarly, artefacts can be reused in a different project.

The reuse approach (I6) can either be top-down or bottom-up. In a top-down approach,
artefact creators try to predict the artefacts necessary and create those with the intent of
reuse at a later (but not predetermined) time (see, e.g., [SM04]). In a bottom-up approach,
existing artefacts are automatically or manually screened to identify potentially reusable
components or to extract specific functionalities for specific use cases or later reuse (see,
e.g., [DMC21)).

Artefacts can be reused with or without visibility (A7) regarding the inside workings. In a
white box reuse case, the artefact is completely accessible to the reusing agent [KS98,
SRK12]. In black box reuse, the reusing party does not have insights into the workings of
the artefact but can “only” reuse the artefact by interacting with some form of interface
and only knows the information given by the artefact developer [Mc68, JT08, JRS06],
especially the documentation (see below). Of course, black box reuse may prevent adapt-
ability and partial reuse of the artefact (see, e.g., [JRS06, SRK12]).
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Documentation (A8) can be an essential factor in deciding if and how to reuse an automa-
tion artefact [Ra99, JT08, Ap90] since documentation increases ‘“understandability”
[KS98], trust [Ry19, RLO8] and discoverability [DUBI11]. In some instances, no docu-
mentation may be available for a specific component. In other instances, interface docu-
mentation [FSWO00] or full documentation [KS98] may be available.

According to Han [Ha99], reuse can be based on different reused methodologies. We have
divided this into the intended reuse methodology (A9) and the applied reuse methodology
(I7). The literature names five different reuse methodologies [B&15, Ha99]. First, the com-
ponent-based methodology relies on assembling components to create larger systems
[Ha99]. The model-based methodology uses (and adapts) meta-models to create new ar-
tefacts [Ha99]. Model-based and component-based methods can be mixed [Ha99]. Berzisa
et al. describe that it is also possible to create RAs under a configuration-based method,
where artefacts have built-in decision points to be usable in several contexts [BElS5,
BDKUO7]. In addition, we argue that it is possible to reuse automation not method based
(for example, ad hoc copying of single lines of code). The intended reuse methodology
can be adhered to in the reuse process or omitted — hence the distinguished applied reuse
methodology (17).

Reuse can be carried out by several classes of actors (I8). These can be the original devel-
opers, other developers in the same company, or developers in other organizations [KS98].
Moreover, private persons and malicious entities may reuse artefacts [Sol4, Ryl9,
KGL18].

Finally, we found software support (I9) to be one of the important aspects in designing the
reuse process (see, e.g., [Ra99, As19]), since the cost of finding out if there is a suitable
artefact and where it is located can offset the benefit of reuse [Ra99, KS98, VS17]. Soft-
ware-supported reuse processes can, for example, offer such a digital repository of RAs
(see, e.g., [As19, Ko07, VS17, KS98]), software to extract RAs from legacy code (see,
e.g., [ACL09]), or software recommending RAs while developing (see, e.g, [Wal4]).

5 Discussion

Our paper has three main contributions to existing theory. First, we showed the different
layers on which automation artefacts can be reused. Here, we showed relevant technolo-
gies and concepts used on each layer. Secondly, we collected and systematized nine char-
acteristics regarding RAs and which manifestations of these are mentioned in the litera-
ture. Finally, we found and systematized nine characteristics regarding RIs. We discussed
the characteristics of RAs and the manifestations described in the literature.

The knowledge of the layers, the characteristics of RAs and RlIs can help researchers to
understand reusable artefacts better (what are the characteristics of a specific artefact), Rls
(how was reuse conducted in this specific act of reuse) and existing reuse process guide-
lines (which combination of characteristics do the guidelines focus on / support / prohibit).
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By defining the layers and characteristics, we enable researchers and practitioners to fur-
ther advance the topic of automation reuse under a unified, common vocabulary. In addi-
tion, new research on reuse process directives can consider the individual layers and char-
acteristics. The characteristics in Table 1 could be combined in various ways to develop
previously unknown procedures for reuse support.

By systematizing the layers and characteristics as well as showing examples of relevant
technologies, we have shown that there are many different types of automation reuse. Re-
search on reuse in information systems, especially in BPM, should, instead of emphasizing
the usefulness and need for reuse of automation artefacts, find out how reuse can best be
realized in business process management and automation. We, therefore, (further down in
this chapter) formulate a corresponding research agenda.

In addition, our paper holds several implications for practice. According to Rothenberger
and Kulkarni, knowledge about the artefact is required to retrieve and find the right com-
ponent [RKO00]. The characteristics of RAs and instances discovered in this paper can be
used to describe RAs (e.g., when used in a repository of RAs) by researchers and practi-
tioners. They can additionally help discover and evaluate suitable RAs (e.g., in artefact
databases). The overview can also help practitioners decide which layer(s) to perform re-
use on and plan for reuse on appropriate layers when generating automation artefacts.
When developers design and implement automation artefacts, they can — using the sys-
tematized layers and characteristics — be aware of and plan for the reusability of different
components of their artefacts (and the artefacts on lower layers). Furthermore, they can
use the characteristics mentioned in Table 1 (especially those in the section “Preparation
for Reuse”™) to pave the way for easy reusability.

Still, this paper has three main limitations. Firstly, since it is a pure literature review, we
do not know which concepts are (still) relevant in practice. Secondly, adjacent fields have
only been covered through the backward search. Finally — since the literature search and
paper selection has been conducted by one author — there may be selection bias.

6 Research agenda

Based on our literature review, we derived a research agenda on the reuse of process au-
tomation technology. These questions originate from gaps identified in the literature.

First we would recommend research on which combination of characteristics (of the RA,
RI, new artefact or additional elements) leads to successful reuse. In this paper we have
defined several characteristics of RAs and Rls. Further research should advance these
findings and validate them in practice. In addition, real-world data on the influence of
characteristics combinations in reuse projects could be used to extend, evaluate and ad-
vance reuse process guidelines. Here, it is possible that multiple equifinal combinations of
characteristics exist.
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Furthermore, we need to find out how the knowledge regime used in developing the initial
artefact or in the reuse process influences the success of reuse. Bygstad differentiates be-
tween heavyweight and lightweight IT knowledge regimes [By17]. In heavyweight IT,
development is “driven by IT professionals, enabled by systematic specification and
proven digital technology, and realized through software engineering” [By17]. In light-
weight IT, users are enabled to fulfil their own IT needs and generate IT innovation
through “cheap and easy-to-use” [Byl7] systems. Since development under such light-
weight knowledge regimes is end-user-driven, users will have varying IT skill levels and
knowledge about reuse. Well-designed support for reuse could help harness its potential
in this area as well.

Item Question(s) ‘

Which combination of characteristics leads to successful reuse?

When should organizations rely on the reuse of process automation arte-
facts? Which environmental factors or characteristics of the components
make reuse viable?

How does the knowledge regime used in developing the initial artefact or
in the reuse process influence the success of reuse?

Overarching |What can automation reuse research learn from adjacent streams such as
knowledge management or requirements engineering?

Since automation reuse stems from reuse in manufacturing in the 1960s
(see above) are there newer concepts in manufacturing that could again be
transferred for reuse?

Which types of reuse are mutually beneficial, and which are obstructive /
incompatible?

How to best combine / stack the different layers, technologies, and con-
cepts of automation reuse in Business Process Automation?

Reuse Layer

Artefact How to methodically decide which parts of an artefact to reuse?

Which of the existing reuse process guidelines support reuse with which
Reuse configuration of characteristics well?
Process Which new reuse process guidelines could be developed to improve addi-

tional configurations?

Additional |Which degree of additional development (also in the sense of requirements
development |engineering and testing) should be performed during reuse?

How do properties of the reuse process or properties of the reused artefact

New affect the new artefact (short or long term)?
Artefact How can artefacts developed with reuse be reused and what does re-reuse
entail?

Table 2. Research agenda

Moreover, it would be valuable to evaluate further when organizations should rely on the
reuse of process automation artefacts. While several proposals for the structure of reuse
processes itself exist (see, e.g., [HAGO08, ACL09, Sw91, PSH03, HHL22, B100]), there
seem to be few up-to-date articles focusing on concrete instructions on when to reuse (e.g.,
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[CB91]). The general consensus seems to be, that reuse should be conducted when it is
financially beneficial [KS98, RK00], leads to better quality or increases development
speed [CB91]. However, we argue that these characteristics are complex for programmers
to evaluate when “out in the field”. This issue increases when many possible reuse sources
are available (e.g., large codebase, many components in a platform ecosystem) [RKO00,
NRO6]. Therefore, we argue that research should be done on how these characteristics can
be determined algorithmically to guide developers.

We also call for more research on how to best combine or stack the different layers of
automation reuse and combine the technologies and concepts developed for automation
reuse. While some concepts (e.g., model-driven development [LMSO07]) rely explicitly on
utilizing different layers to enable reuse, we have not seen any guidelines on how to sys-
tematically reuse artefacts across all layers in different contexts.

Another interesting problem is the degree of additional development that should be ac-
cepted during reuse (in regular or lightweight programming), like functional changes, such
as adapting or expanding functionality, (additional) requirements engineering and testing
for the new environment [KS98, SRK12, Ra99, PB13].

In addition, very little work seems to be done on the workings of the artefacts created
through reuse. Baskerville et al. describe a case study where adaptations to the new artefact
did not negatively affect the new artefact [Ba05]. However, it is unclear what the long-
term effects of reuse are, which configurations of artefact characteristics, reuse process
and additional elements lead to successful new artefact creation. It is also unclear how
these new artefacts can be re-reused and its implications.

7 Conclusion

One of the basic rules in BPM is that the reuse of process models should take precedence
before the new development [Dul8, RMR15, RV15]. This precedence for reuse also ex-
tends to automation artefacts (Davenport, for example, states this for the knowledge layer
[Dal5]). The need for research on reusing automation solutions has been well described
[As19, Sy20, LWI18].

In this paper, we have demonstrated the state of the reuse of process automation artefacts
in the IS literature. We have shown and systematized layers of automation reuse, related
technologies, the characteristics of RAs, and the reuse process.

There is still much work for researchers in the area of automation reuse, as seen in the
proposed research agenda. In 1968, Mcllroy already called for adapting principles and
technologies from the field of mechanical engineering for use in software engineering
[Mc68]. He called for “manufacturers of standard parts”, which we now see in the exist-
ence of standard software and external service vendors, and for the ability to “order parts
to individual specifications of size, ruggedness, speed, capacity, precision or character set”
which we now see in requirements engineering, and “catalogues of standard parts”, which
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we now see in the form of reuse repositories and platform ecosystems stores. While we
now have access to these technologies (and many others as described above) and could
utilize them for further reuse, the reuse of automation artefacts still seems to pose hurdles
for researchers and practitioners. Thus, we hope our findings can help to advance the un-
derstanding of reuse and to tap into the potential that reuse holds for BPM and Business
Process Automation.
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