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Abstract: The present research focuses on operational agility in service organizations, which are
subject to variability through customers, service providers, suppliers, or unexpected events. As such,
their management teams may face challenges in understanding their agility-related assets and success
metrics, and furthermore in defining the scope of work for improvement initiatives. Previous research
offers quite general insights into agility-related capabilities, practices, obstacles, or (agility-related)
information quality evaluation. Yet, management teams need specific practices and techniques in
order to improve operational agility capabilities, and thus increase their sustainable performance.
We propose a conceptual framework and an artifact-centric algorithm that elicits and prioritizes
improvement initiatives by (a) understanding agility-related assets by modelling operational business
artifacts, (b) determining agility bottlenecks by identifying quality issues in operational artifacts,
and (c) eliciting and prioritizing improvement initiatives to increase artifact quality. The framework
application is discussed through a case study in a company operating in the rail freight industry, in
which a set of initiatives to improve operational agility capabilities is obtained and prioritized. We
conclude that the proposed algorithm is an applicable and relevant tool for management teams in
service organizations, in their operational agility improvement endeavors.

Keywords: business artifacts; operational agility; operational performance; service organizations

1. Introduction

Agility, a necessary condition for sustainable performance, should be a key competence
of organizations in dynamic markets today [1]. Organizations have to move faster than the
market around them, both in terms of decision-making and capability development over
time, to maintain a competitive advantage [2]. Agility should therefore not only be seen as
a tactic, but rather as a strategic goal by itself.

Organizations doing this invest in underlying assets that allow them to iterate and
learn faster, as this de-bottlenecks everything they do [3]. As such, a strategy that includes
agility should highlight these underlying assets and align agility-related success metrics
so that everybody in the team can make that strategy come alive. Metrics are particularly
important, as understanding their relative importance helps to understand what matters to
leadership. However, while quick and innovative responses to changes in the business en-
vironment (i.e., being agile) impact performance, research on the resources and capabilities
that enable organizations to be agile is still nascent [4].

The present research focuses on operational agility in service organizations, whose
processes are usually complex, non-linear, and work with a high volume of information
of variable quality [5,6]. Service systems are inherently subject to variability, whether
through customers, service providers, suppliers, or unexpected events [7]. As such, their
management teams may face challenges in understanding their agility-related assets and
success metrics. They may furthermore face challenges in defining the scope of work for
agility-related improvement initiatives.
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Among the bottlenecks to (operational) agility reported by practitioners [8], two stand
out, especially in the aforementioned context of service organizations: Ineffectively man-
aged unstructured work and complex processes. Approximately 60% of today’s work
is unstructured, consisting of ad-hoc, one-off tasks that require interpretation, sound
judgment, and expertise. This is especially particular to service organizations, whose
front-line employees are usually given the flexibility to adapt to “on-the-ground” situa-
tions. In addition to that, the more interfaces involved, the more information is lost or
interpreted differently.

According to a Forbes Insights and PMI report on agility [9] interviewing more than
500 senior executives across the globe, over 90% of them regard agility as critical to busi-
ness success. The same source reports that only 27% of the interviewed senior executives
consider themselves highly agile. Regarding figures, the global market for operations
management services, which are directly correlated with continuous improvement, was
estimated around as much as $70 billion USD in 2018 [10]. As such, effectively identifying
and running improvement initiatives under the pressure of continuous change and uncer-
tainty (an important facet of being agile) leads not only to better agility but also significant
cost savings.

For a manager, a quick web search might reveal dozens of articles on business agility
and why organizations need to become more and more agile. Guidelines and good practices
related to agility may also be found. However, to become agile, an organization has to
be specific in its own capabilities for agility [11] and to run its own agility improvement
initiatives. Businesses are different, and the nature of the challenges they face varies with
their size, domain, and level of capabilities and resources. As such, we investigate the
following research issue: What specific practices and techniques can managers implement
in order to improve operational agility capabilities?

The goal of this research is to support service organizations in understanding
agility-related assets and metrics and in defining agility-related improvement initia-
tives. Specifically, we address their management teams by proposing a conceptual
framework and an artifact-centric algorithm that elicits and prioritizes improvement
initiatives by (a) understanding agility-related assets through modelling operational busi-
ness artifacts, (b) determining agility bottlenecks through identifying quality issues in
operational artifacts, and (c) eliciting and prioritizing improvement initiatives to increase
artifact quality. We also present a case study to demonstrate the effectiveness of the pro-
posed algorithm.

The remainder of this article is organized as follows. Section 2 summarizes the litera-
ture and presents the theoretical framework of our research, Section 3 presents the algorithm
and its design considerations, Section 4 presents a case study within a service-providing
company, which operates in the rail freight industry, and Section 5 discusses the obtained
results, the implications, and the generalizability and applicability of the algorithm.

2. Literature Review and Ground Ideas

The goal of this section is to present a theoretical framework that incorporates opera-
tional agility, business artifacts, and agility-related improvement initiatives, to ground an
algorithm for eliciting and prioritizing such improvement initiatives.

2.1. Organizational and Operational Agility
2.1.1. Agility Facets

Today’s industries and markets continuously change by emerging, colliding, splitting,
growing, and declining, hence organizations have to contend with perpetual uncertainties [12].
Therefore, regardless of their financial success, they face challenges in creating strategies to
deal with such uncertainties. Agility refers to an organization’s ability to sense changes in the
environment and to make qualitative/relevant subsequent decisions [2,4,13-16]. This means
continuously adjusting strategies, supporting decision-making on challenging projects,



Sustainability 2023, 15, 10189

30f25

effectively responding to ambiguity and uncertainty, and perceiving unanticipated change
as opportunities for improvement [4,17,18].

Agility should be a key competence of organizations in today’s dynamic markets [1,19-22].
It should be not only seen as a tactic, but rather as a strategic goal by itself. Managers thus
need to understand what makes their companies agile, how agile they actually are, and
how they can improve agility.

Agility is defined in [4] in terms of three dimensions: Customer responsiveness,
operational flexibility, and strategic flexibility. Two dimensions of agility are described
in [23]—speed and capabilities of an organization to use resources and respond to changes.
According to [24], it consists of customer agility, partnership agility, and operational agility.
In [25], two facets of agility are discussed: Operational adjustment agility and market
capitalizing agility.

Agility should, as such, exist at any organizational level, from strategic/business/
organizational level agility down to product or service, tools, and even (employee) personal
agility. We focus in this article on the operational level of agility, i.e., the ability of a company
to adapt its operations, technology, and information to perpetually changing business
requirements [14,26], to allow managers to achieve the desired competitive advantages [24].

2.1.2. Service Organizations Particularities

In service organizations, process quality is usually managed via process KPIs, which
rather reflect the performance level of activities, paying less attention to data aspects of
business processes [27]. Additionally, the variability they face through either customers,
service providers, suppliers, or unexpected events [7] results in less accurate business
process models. As such, improving operational business processes may not impact agility.

In this light, management teams in service organizations may face challenges in
understanding their agility-related assets and success metrics, and in defining the scopes of
work for agility-related improvement initiatives.

2.1.3. Operational Agility Enablers

Agility is seen as a dynamic capability, differing from an operational routine in that
it describes how resources can be reconfigured and integrated to respond to contextual
changes [14]. To be agile, organizations need a set of enablers, which are capabilities that
allow them to promptly respond to changing business environments [28].

Knowledge management, organization learning, leadership commitment, multidis-
ciplinary teams, organizational culture, decentralized decision-making, or customer and
stakeholder involvement are reported as generic agility enablers [29]. Information (includ-
ing data architecture) is also reported as an enabler of agility [15]. Operational capabilities
such as Enterprise Architecture can also enhance agility [30]. There is also a positive link
between an organization’s information systems capabilities and its agility [31]. More-
over, operational agility requires building (at least) an information processing network
and implementing organizational controls to enhance the right information processing
capability [26].

To summarize, rather general answers can be found to the question of how to build
agility in a particular organization. Managers need, however, to know what capabilities to
develop, given different changes in their business environments, and what practices and
techniques can be implemented in this respect [11,32].

2.2. Artifact-Centric Approach to Operational Agility
2.2.1. Business Artifacts as Operational Agility Capabilities

Traditional business process models based on activity flow seldom support the flex-
ibility needed to deal with continuous change and uncertainty [27,33]. Managers need
to communicate not only how they want things to be performed but also why, so data
managed by processes become at least equally important as the activity flows. Employees
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can thus make smarter decisions in uncommon situations (change and uncertainty), as they
better sense the context of their activities.

In this light, a different paradigm for managing processes should be adopted. One
such approach focuses on business data records—called business artifacts—that correspond
to business-relevant objects, which are updated by a set of services that implement business
process tasks [27,33-36]. All organizations, regardless of their activity domain, rely on
business records [33], which contain information on what they produce. Business artifacts
enable recording this information so that they reflect the context of a business, while
work tasks are defined by considering how artifacts are processed [27,36-38]. Business
artifacts are concrete, identifiable, self-describing parts of information, combined into a
persistent structure, that can be used to actually run a business [27,39]. Artifact-centric
business process modelling has proven to be quite effective in practice [38]. It substantially
enhances communication between business operations stakeholders as compared with the
communication enabled by traditional activity-flow-based approaches [33].

Aligning information systems and businesses at the strategic implementation stage
(i.e., operational level) is reported to enhance organizational agility [40]. More specifically,
reengineering business behaviors as business services, similar to the service-oriented
architectural pattern in software design, is also reported to lead to flexibility and agility
in organizations, as long as business knowledge is adequately modelled and interfaces
between services are clearly defined [41]. Consequently, the first ground idea of this article
is that business artifacts at the operational level of the business, if adequately modelled,
represent an operational agility capability of a business.

While discussing service organizations’ particularities, ineffectively managed unstruc-
tured work and complex processes showed up as significant agility bottlenecks. In addition
to that, approximately 60% of today’s work is unstructured, in the form of ad-hoc unique
tasks whose outcomes require further interpretation and judgement. The more interactions
involved, the more information is lost or interpreted differently. For this reason, the second
ground idea of this article is that, to support operational agility, the focus on tasks and
processes should be shifted from “conformity to a plan” to “building the result so that it fits
other tasks”, i.e., the interfaces between business processes/tasks should be re-engineered
so that they consist of / point to specific business artifacts.

2.2.2. Operational Vocabularies

Business users usually identify business artifacts as the key elements of the process;
artifacts can be seen as a kind of vocabulary of the process, similar to the notion of do-
main ontology [42]. However, business processes and data models (the business artifact
models) can evolve independently one from the other [38]. Business artifacts may be
modelled ex ante, so that changes in these elements can be consistently measured across
organizations [43], but this means that the same elements are equally central in any organi-
zation [42], which is rarely the case. As such, the third ground idea of this article is that
business artifacts can be derived from the particular operational information system of
an organization (ideally modelled via a domain ontology). Having such an operational
informational system is an enabler for operational IT application orchestration, which is
reported to have a positive impact on agility [44].

2.2.3. Artifact Modelling

Artifact-centric business process modelling focuses on key business-relevant records
that evolve by progressing through the process. Business artifacts reflect both data and
process aspects and are used as building blocks in a process model [27]. A business artifact
is described by an information model and an instance of it that reflects all the possible
evolutions of the artifact over its lifecycle (in terms of activities or tasks acting on the artifact
instance) [35,38,45]. Artifacts can be conceptualized as objects that are created and used in
practice to facilitate work activities [46]; they are heterogeneous and dynamic. Artifacts
should be mutable, i.e., able to accommodate informational variation after their creation [46].
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Artifacts can also be referenced, by storing the identifier of another artifact [37]. This leads
us to the fourth ground idea of the article, to model the business artifacts in the form
of classes and objects (instances of classes), as in object-oriented programming. Process
activities would be represented by calls of artifact “methods”. The quality of information
conveyed through the artifacts becomes thus increasingly important, as collective tasks
have to be supported as the process progresses [46].

2.3. Improving Agility via Improving Artifact Quality
2.3.1. Assessing and Improving Operational Agility

To achieve agility, organizations need to effectively identify and manage their capabil-
ities, and recognize the need for developing them to create new value propositions [42].
They can thus also iterate and learn faster, as this de-bottlenecks everything they do [3]. As
such, a strategy that includes agility should highlight these underlying assets and align
agility-related success metrics so that everybody in the team can make that strategy come
alive. Metrics are particularly important, as understanding their relative importance helps
to learn what matters to leadership.

While responding quickly and with innovative actions to changes in the business
environment (i.e., being agile) impacts performance, research on the resources and capa-
bilities that enable organizations to be agile is reported to be still nascent [4]. Measuring
organization agility is also a research gap reported in the literature [21]. We, therefore,
propose a practical and effective approach to the problem of improving operational agility,
namely by measuring and increasing the quality of business artifact instances to specific
target values.

2.3.2. Artifact Quality

Artifacts may enclose and convey information of different types, quantities, and
quality [46] and are characterized by formative, informative, and performative aspects,
to discern how stakeholders comprehend, interpret, and act upon them [47]. Different
people will focus differently on some or all of these facets of artifacts [39]; nevertheless,
these differences can be reduced by the quality of information an artifact encloses [46].
Information quality is also important due to the interdependent growth of tasks executed
on artifacts [26].

Defining and assessing artifact quality is reported to be subject to issues such as
artifact specificity and manual assessment challenges [48]. No feasible approach to conduct
artifact quality assessments based on general quality models has been reported either [49],
primarily due to different meanings that can be given to quality models depending on the
specific domain scenarios. Current approaches identify artifact-specific metrics and discuss
their usage for assessing artifacts based on user-defined attributes such as correctness,
modularity, or completeness [48]. For these reasons, the fifth ground idea of our approach
is that, regarding artifact quality, even if a common set of metrics is used for all artifact
types, the importance of metrics in connection with each artifact type varies and should be
considered relative to the business requirements.

Identifying artifact quality metrics deals with information quality, as artifacts, as
discussed above, consist of information units. Identifying artifact quality means assessing
the fitness for use of the information units it contains. As we propose modelling artifacts as
classes and class instances, metrics should be considered to cover quality aspects of both
artifact properties (the actual information) and their methods (the tasks, i.e., providing
and building that information). Although the scientific literature currently lacks consensus
with regard to information quality characteristics [50], several effective multi-dimensional
models have been reported. The metrics we use (see Table 1) expand on the metrics
discussed in [27,51].
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Table 1. Quality metrics for artifacts.

Metric Description
extent to which information is true or error free with respect to
accuracy
some known or measured value
extent to which all parts of information are available and
completeness . ..
complete (with respect to its intended usage)
volatility extent to which the information value deprecates over time
age extent to which the information is actual
. extent to which (all) multiple records of the same information are
consistency
the same across space
granularity extent to which the information level of detail is suited to its scope
relevance extent to which the information addresses its customer’s needs

format usefulness

extent to which the information format is appropriate

throughput
response time
transmit time

reliability

effort (man-hour) to provide the information
time needed to provide the information
time for information to reach its intended destination
the probability that the information is correctly
produced/provided (i.e., it is accurate, complete, and relevant)

without failure under a given environment and during a specified
period of time
number of failures occurred while producing/providing the
information within a time unit
the extent (time percent) to which the information is available to
its intended users

failure frequency

availability

2.3.3. Eliciting Improvement Initiatives

Process improvements based on process metrics positively impact activities but do
not necessarily improve business artifacts; moreover, gaps may also exist between current
process activities and a targeted process quality profile [52]. Improving process models in
service organizations is also demanding, as their front-line employees may deviate from
existing process models. As such, improving process models may not necessarily improve
the organization’s overall performance (and agility). Instead, improving business artifact
quality means improving operational capabilities, thus fostering operational agility (the
first ground idea of this article).

To improve performance, functional departments within an organization often run
“operational activities” in the form of improvement initiatives [53]. They often run
such initiatives as projects, to make use of project management techniques for defining
the scope of work, success criteria, and metrics to monitor project status. However, a
commonly encountered issue here is deciding which improvement initiative to start
next, and why [54,55]. This requires addressing questions related to the accuracy, cost,
availability, or volatility of information required for decision making [15]. At the operational
level, this information is contained by business artifacts, so the sixth ground idea of this
work is that improvement initiatives should be prioritized based on their contribution to
the quality of information (i.e., the business artifacts) that grounds the decision-making
process. As the quality of a specific artifact (or artifact family) is described by present
quality values for each metric, improvement initiatives should be elicited to increase these
quality values to some desired target values.

In organizations, team members might have different opinions of what initiatives to
start, with different justifications for selections [55]. Approaching improvement initiatives
such as artifact quality improvement projects may render initially different opinions more
uniform. Managerial consensus in prioritizing improvement initiatives, which is crucial
to their success, can be thus obtained, as numerical information quality target values can
be more easily agreed upon. The initiation phase of an improvement initiative typically
implies pinpointing the weakness(es) or bottlenecks that have to be addressed. Low
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“scores” (present values) for artifact quality metrics clearly point out such weaknesses.
Project success criteria can also be supported by artifact quality metrics and target values.

2.4. Research Model

Building on the six ground ideas supported by the above theoretical background
literature, we propose our conceptual model as shown in Figure 1. First, the operational
business goals determine the operational model, similar to an operational vocabulary of
the processes (an operational ontology), whose instances (the business artifacts) are the
actual objects (information units) that are created and used in work activities. Second,
the operational business artifacts represent the operational agility capability of a business;
consequently, improving their quality will impact the operational agility. Third, as artifact
instances should help stakeholders comprehend, interpret, and act upon them, they should
have an adequate quality level, requested by operational business goals. Finally, internal
improvement endeavors should be prioritized by how they impact artifacts with lower
quality levels, as this will eventually improve operational agility.

OPERATIONAL
o > — "
artifacts as artifacts as

classes OBJECTS
OPERATIONAL internal
agility goals > improvement

(artifact CTQs) initiatives

operational goals . improvement initiatives targeting operational artifacts outcome: superior agility

Figure 1. The conceptual model.

The research question of this article is as follows: What practices and techniques can
managers implement in order to improve operational agility capabilities? Rather general answers
can be found to the question of how to build agility in a particular organization, as revealed
by our literature review. Managers need, however, to know what capabilities to develop or
improve, and what practices and techniques can be implemented in this respect.

To solve this problem, based on the conceptual model above, we propose an algorithm
to elicit and prioritize agility improvement initiatives, by understanding agility-related
assets through modelling operational business artifacts, determining agility bottlenecks
through identifying quality issues in operational artifacts, and eliciting and prioritizing
improvement initiatives to increase artifact quality.

The algorithm aims to be much more than a simple heuristic. It should be an effective
operational agility improvement tool, in the form of a decision-support system, addressed
to managers in service organizations.

The contribution of our work to the OR literature is thus threefold (both theoretical
and practical):

(1) It proposes a conceptual framework for understanding and increasing operational
agility in service organizations.

(2) It proposes an algorithm to elicit and prioritize agility improvement initiatives by
identifying quality bottlenecks in operational business artifacts.

(3) It presents a case study to demonstrate the effectiveness of the proposed algorithm.

Although the ground ideas, viewed independently, are not all necessarily new, as far
as we are aware, their integration into a conceptual model has not yet been performed. To
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the best of our knowledge, no similar approach can be found in the OR literature. However,
in order not to miss any similar research, we particularly searched for literature addressing
topics such as (operational) agility improvement initiatives, operational agility capabilities
(assets), business/operational agility artifacts, business artifact modelling, and business
artifact quality (improvement).

We looked for frameworks or algorithms for (operational) agility improvement, but
not merely heuristics, that draw on concrete directions for agility improvement. The main
database used for the search was ScienceDirect, due to its relatively large coverage. To round
up the result set, we used snowballing and also considered the provided “recommended
articles”. The relevant findings are discussed below.

In [48], the authors discuss artifact quality definition and assessment in software and
model-driven engineering, arguing that artifacts should be developed and maintained
considering specific quality attributes. Although related to two of our ground ideas, their
research does not address agility.

While investigating the interaction between sustainability, agility, and their influence
on operational performance in the automotive industry, ref. [56] established 52 agility-
related abilities, grouped into seven categories, and five operational performance metrics.
They concluded that the higher level of agility implementation practices, the greater the
improvements in operational performance metrics. However, managers need to find ways
to properly build or improve such abilities.

In [42], the authors propose a framework for recognizing common strategies, activities,
and paths to business model reconfiguration developed through the activation of a set of
micro-capabilities for strategic agility. These capabilities are grouped into three classes; for
each class, a proposition is advanced for achieving business model agility. Managers still
need ways to adapt these guidelines to their specific organizational context.

Focusing on the human dynamics of agility, ref. [57] provides three sets of interre-
lated actions that executives and key decision-makers can use to guide their organizations
through turbulence: Identify one’s VUCA (volatility, uncertainty, complexity, and ambi-
guity), define obstacles to agility, and implement agility-enhancing practices. They also
provide two tools: A VUCA audit and a checklist for enhancing agility. Meanwhile, to
some extent, akin to our approach (understand context, understand (agility) bottlenecks,
and improve on bottlenecks), agility improvement rather relies on heuristics.

Addressing what drives agility in advanced economies, ref. [21] argue that organiza-
tions’ agility is a function of the country/industry level of digitization and investments
in intangible assets. The main agility determinants, in the case of family and non-family
enterprises, are identified. The results support managers in setting and promoting invest-
ment policies to increase agility. Investment prioritization is, however, based on high-level
information, and not that much on the particular context of an organization.

In [41], the authors present principles for creating flexibility and agility when imple-
menting new or revised policies into business processes. They rely on formulating business
processes using business services, event-driven integration and orchestration, separation of
processes, knowledge, and resources, and reuse by collaborative policy implementation.
Their aim for increasing process agility is to better support the implementation of policies.

In [27], the authors propose building user interface flow models to help visualize
artifact-centric processes and assist in the creation of user interfaces. To create the model,
the framework considers the relationships among business processes, user interfaces, and
user roles in an artifact-centric process model. The role of artifact-centric (operational)
business process modelling in attaining natural modularity and componentization of
business operations is also highlighted. Although their research aim is not related to our
approach, the insights are interesting, as modularity and componentization of business
operations may impact organizational agility.

A framework for modelling and analyzing information quality requirements for socio-
technical systems is discussed in [47]. It takes into account both technical issues and
social and organizational aspects of information quality. It implies analyzing information
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based on seven quality dimensions: Accessibility, accuracy, believability, trustworthiness,
completeness, timeliness, and consistency. A business artifact-based IS can be a socio-
technical system; however, the framework is not related to agility.

Few of these results provide a framework or an algorithm to identify and improve the
particular agility-related capabilities of an organization. Most approaches are quite general,
although provide thorough insights on agility-related capabilities, practices, obstacles, or
(agility-related) information quality evaluation. Yet, management teams need an effective
and efficient tool to elicit agility improvement initiatives, in the context of their unique
organizational environment.

3. Materials and Methods

Starting from the literature review and the proposed research model, the present
work aims to answer the research question of what practices and techniques can managers
implement in order to improve operational agility capabilities. We, therefore, propose an
algorithm to elicit and prioritize agility improvement initiatives. In this section, we discuss
the algorithm design, its steps, and considerations regarding its evaluation.

3.1. Research Methodology

The algorithm we propose to elicit and prioritize agility-related improvement initia-
tives within an organization relies on operational business artifacts. It can thus be seen as a
series of steps to be run on top of an informational system, which handles information of
variable quality. For this reason, we followed a Design Science Research Methodology for
information systems research [58], addressing: (a) “What is the problem?”, (b) “How should
the problem be solved?”, (c) “Creating an artifact that solves the problem”, (d) “Demonstra-
tion of the use of the artifact”, and (e) “How well does the artifact work?”. We introduced
the problem in the first section. We then reviewed the literature and presented the ground
ideas and the research model for solving the problem (the second section). The “artifact” to
solve the problem is the algorithm that we detail in this section. We will demonstrate its
use via a longitudinal case study within a service-providing organization in the rail freight
industry, in the next section. In the last section we discuss the algorithm’s relevance for
managers and aspects regarding its applicability.

In designing the algorithm, we also followed several guidelines for Design Science
in Information Systems Research presented in [59]. The first guideline refers to the DSR
outcome, which should be a viable artifact, in the form of a construct, a model, a method,
or an instantiation. We, therefore, elaborated on a theoretical construct by reviewing
the existing related literature (Figure 1 in Section 2.4). Based on this construct, we then
proposed the algorithm for eliciting and prioritizing agility-related improvement initiatives;
it is an “intellectual” design artifact in the form of an intellectual tool. The guideline
mentions demonstrating the feasibility of the DSR artifact by its instantiation; we did this
by running a case study in a service-providing organization (Section 4).

The second guideline refers to the importance and relevance of business problems
solved by a design artifact to a constituent community comprising practitioners who
plan, manage, design, implement, operate, and evaluate IS systems. Relevance to this
community means addressing problems faced by the interaction of people, organizations,
and information technology. This will be addressed in detail in Section 5.

The third guideline recommends evaluating the utility, quality, and efficacy of the
design artifact, with respect to the business environment. We did this by using an observa-
tional approach, namely by running a case study within a service-providing organization
in the rail freight industry. The case study will be presented in Section 4.

The fourth guideline is to provide clear contributions in the area of the design artifact,
design construction knowledge (i.e., foundations), and /or design evaluation knowledge.
In this respect, the contributions of our work are the conceptual framework, the algorithm
itself, and the results of applying it (the case study).
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The fifth guideline we followed addresses the research rigor in both the construction
and the evaluation of the designed artifact. It states that rigor must be also assessed with
respect to the applicability and generalizability of the design artifact. We, therefore, based
our algorithm on a conceptual framework constructed after a thorough literature review.
Its applicability and generalizability will be analyzed in Section 5.

We also based our algorithm on the contingency theory, aiming to identify and also
prioritize improvement initiatives that allow the organization to develop its operational
agility capabilities [60,61]. The algorithm furthermore relies on the formalism of the QFD
method by correlating operational business requirements with the business artifacts, to
verify their relevance. In weighting improvement initiatives, it relies on a systematic multi-
criteria decision analysis method (TOPSIS [62]); weighting criteria reflect both efficiency
and effectiveness aspects of improvement initiatives.

3.2. The Algorithm

The outcome of the algorithm is a set of weighted improvement project proposals that
act on operational business artifacts and thus contribute to the organization’s operational
agility (ground idea 1). The weight of each improvement initiative represents its perceived
implementation efficiency and effectiveness. The improvement initiative set is determined
by 6 steps.

Step 1. Define operational artifacts if they have not been yet defined. Use any existing
established artifact design approach, as long as you start from the particular operational
information system of the organization (ground idea 3). Model artifacts similar to software
objects, using properties, methods, and events (ground idea 3). The actual artifacts will be
instances of model artifacts (artifact classes). Describe the artifact classes. Use the following
rules for defining artifacts: (1) An artifact is a concrete, identifiable, self-describing chunk
of information that can be used actually run the business [33], (2) each artifact is unique,
(3) each artifact is an instance of a specific “artifact class”, and (4) an artifact may contain
links to other artifacts, such as software object properties pointing to other objects. Design
artifact class methods considering the autonomy of tasks, e.g., design each method in
relative isolation: A method should generally only process the information it receives as
input parameters.

Step 2. Rebuild the interfaces between processes/tasks so that they consist of “pointers’
of business artifact properties and/or methods. Thus, the focus on tasks and processes
is shifted from “conformity to a plan” to “building the result so that it fits other tasks”
(ground idea 2).

Step 3. Set artifact quality metrics for each property (information unit) of an artifact.
Set quality metrics also for each method (i.e., (process) step acting on an information unit).
For each artifact class, assess the artifact quality metrics relevance to the business require-
ments (ground idea 5). Perform a correlation analysis, using a correlation matrix, between
the artifact class metrics and the business requirements, to check the completeness and rele-
vance of the metric set. Each matrix line should contain at least one strong correlation level
(meaning that at least one quality aspect of the artifact addresses the business requirement
on that line). Each matrix column should also contain at least one strong correlation level
(meaning that the metric on the column is relevant to at least one business requirement).
If any line or column in the matrix lacks at least one strong correlation, step 3 should be
reconsidered.

Step 4. Set performance targets for artifact quality. Identify the current performance
level of artifacts by determining present values for metrics. Identify the current performance
level of process operations by determining present values for method performance metrics.
Subsequently, set target values for all metrics, within a required time frame, for each one
of them. A rule of thumb is as follows: The higher the metric weight (computed in step 4),
the higher the target value. However, the target values should be set in line with the
organization’s strategy.

7
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Step 5. Identify improvement initiatives to impact artifact quality so that the target
values can be reached within the imposed time frame (ground idea 6). Calculate a “per-
ceived impact” value by summing, for each impacted artifact quality metric, the expected
improvement multiplied by the metric’s weight. Further describe each initiative by invest-
ment cost, man-hours, time span, technical difficulty, and organizational difficulty. Put
forward improvement initiatives respecting Goodhart’s law (i.e., do not transform metrics
into targets) [63].

Step 6. Prioritize the improvement initiatives based on the criteria from step 5 using
an adequate multi-criteria decision analysis method (e.g., TOPSIS).

4. Case Study in a Service Organization

The proposed algorithm was applied in an SME operating in the rail freight industry.
The company aims to boost its operational agility capabilities by identifying and imple-
menting several improvement initiatives that should impact its key business artifacts. As
in many other service organizations, they face information quality issues related to accu-
racy, volatility, granularity, or completeness. To remain competitive, they need to improve
their efficiency (time and effort) in managing information produced or consumed by their
processes. They specifically report unsatisfactory process performance, and consequently
unsatisfactory business results, due to the aforementioned quality issues that affect the in-
formation exchanged by processes. This section discusses the application of each algorithm
step, highlighting the obtained results.

4.1. Context

The company provides services to customers on a project-oriented basis, i.e., each
transport request is managed as an individual transport project. It has a specific life cycle:
Receiving the request from a client, deciding if they are (technically and financially) able
to accept it, sending the offer, signing a contract, allocating resources (people, trains),
performing the transport, and analyzing project performance.

Three processes, for which the company has been reporting several agility-related is-
sues, were chosen as a starting point for applying the algorithm: (p1) Customer requirement
analysis, (p2) determining the feasibility of a new transport request, and (p3) allocating
adequate human resource for the transport.

Process (p1), led by the customer relations department, translates the incoming trans-
port requests into customer requirements and calls process (p2) to determine the feasibility
of the potential transport. It then estimates the economic feasibility of the potential trans-
port, constructs an economical and technical offer, and transmits it to the customer.

Process (p2), led by the technical department, estimates—at the time of issuing the
commercial offer—if the company is capable of performing the requested transport service
within the specified time frame. The availability of rolling stock and human resources is
estimated, the latter by calling process (p3), and the effort of providing these resources is
also estimated. The information is then provided to process (p1) via several documents.

Process (p3), also led by the technical department, handles the human resource re-
quired for a transport activity within a project. The train crew should be allocated based on
their proximity to the route start point or end point, their technical capability to drive the
train on that route, and their post-driving rest period.

The company reported several agility-related issues for these processes. For (p1), the
most critical issue is the increased number of offer requests from potentially unreliable
customers. Some requests (approximately 15%) come from competitors (using intermediary
companies) for capability testing purposes, while other requests (approximately 20%) are
used as “alternatives” in bureaucratic procurements. As the company cannot reliably
determine the purpose of the request, much time and effort is wasted to produce accurate
responses (offers) for all requests. Currently, approximately 25% of requests produce a
transport project. Of these, 80% are one-time transport requests.
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For (p2), the most important reported issue is estimating the correct future transport
capability, because several concurrent transport requests may exist within a future time
interval. Train delays, especially on long journeys, and last-minute rolling stock issues also
add up to this issue.

For (p3), the main reported issue is the train crew availability, especially when overtime
is requested. As each train driver is constrained to a specific driving time a day, traffic
delays caused by network problems determine additional train personnel usage. This
frequently alters the organization’s transport project processing capability.

4.2. Running the Algorithm

Step 1 consisted of defining business artifact models (“artifact classes”). To do so, the
operational vocabulary of the organization was reviewed. Their specific approach was
to associate each operation with the costs it implies (to reflect its “value”); as such, all
operational costs related to transport projects were decomposed in a “cost tree” with a
manageable granularity level, avoiding shared or indirect costs at the project level. Artifact
classes were then determined based on each cost item “parent” in the tree. Figure 2 shows
the cost tree and Figure 3 shows the defined artifact classes.

‘ commercial project

\ indirect
costs
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- transhipment !

A->B
/
costs \ direct
dinati train coste
coordination | - access to
costs crew rolling | |4 erastructure
stock ™~ | fixedtrain
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P costs - owntime
stationing revision
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stationing revision
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Figure 2. The cost tree.
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class TProjectManager
Projects: array of TProject;
function newProject(some-customer-data): TProject;

function accessProject(id, my-credentials): TProject;
function generateReports(some-project-ids): TReport;

class TProject

// id, customer-info, timeframe, etc
Freight: TFreight;
Trains: array of TTrain;

function setuplransport;

class TTrain

/ id, commercial-number, route, etc.
Freight: TFreight;

Loks: array of TRollingStockUnit;
Carriages: array of TRollingStockUnit;
Crew: array of TTrainStaff;

Path: array of TPathSegment;

function getTrainStats: TTrainStats;
function setuplrain;

class TTrainStaff

J // id, type, personal-data, etc.

Authorizations: array of TAuthorization;
HealthClearances: array of THealthClearance;
Journey: array of TCrewJourneyEntry;
AuthorizationPlan: TAuthorizationPlan;

class TPathSegment

// id, distance, gradient, etc.
StartNode, EndNode: TRailwayStation;
SpeedLimit, MaxAxleLoad, MaxTrainLoad: TLimits;

class TRollingStockUnit

/ id, type, etc.
MaintenancePlan: array of TMaintenanceOp;
Journey: array of TRollingStockJourneyEntry;

Figure 3. The operational artifact classes.

Five core operational artifact classes were set up: TProject (a commercial project),
TTrain (an individual transport from point A to point B using one train—either loaded with
freight, empty carriages, or single locomotives), TTrainStaff (describing one employee),
TPathSegment (describing the railway track between two adjacent railway stations—a train
path can be built up using an array of instances of TPathSegment), and TRollingStockUnit
(describing a railway vehicle such as a carriage or locomotive). There is also a TProject-
Manager class (an array of transport projects) to aggregate all commercial projects. Any
report or communication exchanged by employees should be capable of being modelled by
combining instances of the above classes.

The TTrainStaff artifact class is further explained (we limit our description to this
example for the sake of brevity). The properties of the TTrainStaff class consist of personal
data (such as name, id, age, and home address), driving skills descriptors (confidential
information allowing dispatchers to select adequate train crew for special transports),
authorizations (an array containing the driving license types for the person and their
validity period), health clearances (an array containing all the regular medical examinations
for that person), journey (an array of travels or state changes for that person—see the
description below), and the authorization plan (an array containing the calendar for driving
license renewals).

The journey array is exemplified in Table 2 and logs travel or state changes related to
travel for a person. The Id column represents the array index. The Time column marks the
beginning of travel or the time of a state change.
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Table 2. Journey array sample data.

Id Time StartPoint Probability JourneyKind State Remarks
100 t0 {Home} 86% {free-time} unavailable the person is off duty
the person is contacted and asked to drive
a train at time t3;
101 1 {Home) 45% avallal?lllty available the?r.e is a 45% chance that he will
request issued positively respond (e.g., he already
travelled 10 times within the last
two weeks)
102 t2 {Home} 100% {Home} available
the person travels from home to start
inbound point railway station;
103 t3 {Home} 72% oUrne inbound_travel 72% is the probability that the journey
J y will be needed within the
commercial project
the person performs tasks for setting up
the locomotive and then drives it to the
depot at start reparin actual start point (where the carriages
104 t4 point railway 72% lEcoIr)no ti\;ge train_setup are located);
station 72% is the probability that the journey
will be needed within the
commercial project
start point drivine the the person drives the train to an
105 t5 . pom 72% & driving intermediary railway station (where he
railway station train -
will be replaced by a colleague)
the person travels back home from the
intermediary railway station (job is
intermediary o outbound currently done for him);
106 t6 railway station 72% journey outbound_travel 72% is the probability that the journey

will be needed within the
commercial project

Methods were also defined for the TTrainStaff artifact class, such as getPositionOn(a_time),
which returns the probable location of the person at the time a_time, or getDrivingHours(a_time),
which returns the total driving hours for that person within the current month. These meth-
ods represent tasks that are currently manually performed by a dispatcher of the company.

Step 2 consisted of rebuilding interfaces between processes/tasks so that they consist
of “pointers” of business artifact properties and/or methods. Process p1 (customer require-
ment analysis) calls process p2 (determining the feasibility of a new transport request), and
process p2 calls process p3 (allocating adequate human resources for the transport). The
interface between p1 and p2 therefore becomes:

{ ProjectManager.accessProject(id).estimateCosts; }

which is a method to sum up costs associated with necessary project resources, as
human resources and rolling stock should be already allocated (with some probabil-
ity/availability). Likewise, the interface between p2 and p3 becomes:

{ [ProjectManager.accessProject(id, mycredentials).Train[1..i].setupTrain;] }//for all
trains in the Train[] array; setupTrain is a method that allocates the adequate crew for
the train

The information to be exchanged via the interface between pl and p2 originally
consisted of a report generated in the technical department and addressed to the sales
director, usually via email, and without a strict format. The interface between p2 and
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p3 consisted of a spreadsheet template and was internally managed by the technical
department.

Step 3 consisted of setting up artifact quality metrics and reviewing and ranking
operational business requirements. The artifact quality metrics used are those discussed in
Section 2.3. For each artifact class, this step further implied checking the artifact quality
metrics’ relevance to business requirements. As an example, the correlation matrix corre-
sponding to TProject artifacts is presented in Figure 4. Its last column contains the relative
weights for the business requirements. Strong correlations were represented by ‘9’, average
correlations by ‘3’, and weak correlations by ‘1’. A relative weight was also computed for
each quality metric, based on the weighted sum on each matrix column. Because there is
at least one strong correlation on each matrix line and column, the quality metrics for this
artifact type are considered to be relevant to the operational business requirements.

TProject
quality factors ©
business requirements @

precise and real-time monitoring of commercial project costs

format usefulness
failure frequency
relative weight (%)

o
@

indirect costs in commercial projects should be minimized

123
9.2

higher rolling stock usage efficiency (km loaded / total km)

flexibility in lending rolling stock to cover activity peaks

minimal downtime for rolling stock (due to unforeseen issues) 10.8

efficient personnel usage 12.3

precise identification of project costs for submitting tenders 13.8

fast tender submits 108

©w| w|w|o|l ol o w| =|®|accuracy
o|o|o|w|o|wo|lo|=|wo|completeness

w|lo|ow|w| ol of e o|wo|volatlity
w| o| o| w| o o =| =| w|consistency

w| =| w| =|w©| w|w|w| w|granularity
w|lo|o|low|o|lo|o|o|o|relevance

w|w|w|w|o| w|wo|w|w|throughput
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w|o|w|o|we| =|=|=|=|transmit time

w|o|o|o|w|lw| o|o|wo|age
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©w|o|ow| ol el o w|e| —=|avaiabilty
©
N

minimization of security incidents (raiway-related) 10.8

relative weight (%)[ 8.4 [ 8.4 [9.4 [80 |59 [36 [10.1[3.7[88 50478969 [83]

Figure 4. TProject-type artifact quality metrics and operational business requirements correlation matrix.

The values in the correlation matrix were determined in a face-to-face meeting between
the authors, the sales director, and the head of the technical department.

Step 4 consisted of identifying the current performance level and setting the perfor-
mance targets for artifact quality. We discuss the performance level for the TTrainStaff-type
artifacts here. The present values and target values for each metric are summarized in
Figure 5. A scale of 1-9 was used in each cell, with 1 denoting the lowest quality level and
9 the highest quality level, as all quality metrics were formulated to be monotonic. For
instance, the current accuracy of “skills” is 6, meaning that skills are “somehow” correctly,
but not precisely, assessed. As accuracy is highly significant (8,4% relative weight), the man-
agement requested a target value of 8 (i.e., personnel skills should be precisely assessed).
The current information age of “seriousness” is 2; the management requests improving it
to 8 (it should always be up-to-date). “Seriousness” means here the extent to which the
company can rely on that employee’s declared availability (as employees do not have a
regular 8 h/day job). The current throughput of the getDrivingHours() method is currently
4 (meaning there is a significant effort in providing an accurate value of the number of
hours a train driver spent driving the train within the current month); the management
wants to significantly decrease this effort (the target value is 9).

The current level of artifact quality was determined by the authors using informal,
conversational interviews with six employees: Two from the technical department, three
from among the train crews, and the general manager. The target values were decided by
the general manager and the sales director.

Step 5 consisted of eliciting agility improvement initiatives, which will impact the
artifact quality so that the target values set in Step 4 can be reached. A mixed team
consisting of the authors and company representatives proposed a set of 22 such initiatives
to tackle those metrics whose present values were low or very low.

For brevity, here we discuss the improvement initiatives proposed for improving the
TTrainStaff-type artifact quality. Table 3 describes their goal, the artifact quality metrics
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to be improved within a specific time horizon (and their target values), and the initiative
characteristics (investment cost, duration, effort, technical and organizational difficulty, and
perceived impact). The perceived impact was calculated by summing, for each impacted
artifact quality metric, the expected improvement multiplied by the metric’s weight. The
values for the rest of the initiative characteristics were estimated by a team made up of the
sales director, the technical manager, and the general manager.

ﬂ =
© )
I3 £ o E
3 = 2 £ 2 S
H g = g g H s £ § z
& s = s E g E 2 @ = Z = =
quality factors © [ e £ z 2 S g = g E 3 ° E
c 3 = ® 2 £ 2 c = 3 3
properties and methods @ 8 g g 8 g e 8 £ ¢ £ e f &
relative weight (%) 8.4 8.4 9.4 8.0 8.9 3.6 10.1 37 8.8 5.0 4.7 8.9 6.9 8.3
seriousness| 36 | 1>6 +6 |2+8 | 1+9 | 1+6 7 6 5 8 6>8 |2>6 |16 2>8
skils| 6-9 | 2-8 |2-8 [1-8 [1+9 [56-7 | 5+-8 |2~+8 8 7 8 3-6|2~-6 | 2~-8
Authorizations[] 8 8 8 78 |79 7 9 8 49 7 9 9 8 7
HealthClearances[] 7 7+8 8 7+-8 |7+9 7 9 8 49 7 9 9 8 7
AuthorizationPlan[]{ 5 - 9 9 7+8 | 7+8 9 9 9 9 4->9 7 9 9 8 7
Journey[]| 78 | 28 8 2-9 | 4+-9 | 5~>7 8 5-8|2-9 | 5-8 |7~+8 7 7 7
getPositionOn(some_date)| 3 - 9 5-9 1-5|4->9 3-9 5 8 7 1-9 3-8 8 5-9 6 5-9
getDrivingHours(some_date) 9 9 1-6 1-8 7+9 9 9 9 49 3>9 89 5-9 6>8 | 5>9

Figure 5. The present values and target values for each quality metric (TTrainStaff-type artifacts).

The time horizon indicates the period until the initiative results impact the correspond-
ing quality metrics. Difficulty is estimated on a 1-10 scale. All proposed initiatives respect
Goodhart’s law, i.e., none of them makes targets out of metrics.

Step 6 consisted of prioritizing the improvement initiatives using a freely available
online implementation of the TOPSIS method (https://decision-radar.com/Topsis.html
(accessed on 8 April 2023)—see Figure 6).

investment effort technical organizational perceived
time horizon  cost duration (mm) difficulty difficulty impact

(d8) rolling stock 24 - 5000 o 9 D 12 = ® ° 78 o
sharing
(d9) train crew x G 000 1o g & L o |7
sharing
(d13) resource 18 2 16000 % 15 & g = ® e 430 2
planning software
platform
(d14) lok real-time 45 - 12000 2 12 & 6 = ® - 32 3
monitoring
(d20) online 24 3 6000 6 : 4 3 ® - 298 3

project dashboard
for customers

Figure 6. Improvement initiative weighting decision matrix (screenshot from the online tool).

The improvement initiative prioritization criteria weights used in TOPSIS were initially
determined by the authors using the AHP method and then discussed and adjusted with
the company representatives. The obtained normalized weights were as follows: Time
horizon: 0.12; investment cost: 0.15; duration: 0.10; effort: 0.15; technical difficulty: 0.12;
organizational difficulty: 0.08; and perceived impact: 0,28. As expected, the perceived
impact was considered the most important criterion.

The TOPSIS analysis determined the following scores for the initiatives: 0.824 for
(d13), 0.589 for (d14), 0.576 for (d9), 0.446 for (d20), and 0.313 for (d8). In the entire list of
22 initiatives, they ranked #2, #8, #9, #13, and #18. At the time of submitting this research,
the first four initiatives have been implemented as internal development projects and
reported by the company to be on track.


https://decision-radar.com/Topsis.html

Sustainability 2023, 15, 10189

17 of 25

Table 3. Improvement initiatives to improve TTrainStaff-type artifact quality.

Goal & Description

Impacted Metrics & Time Horizon

Characteristics

Rolling stock sharing (with other 4 partner
companies)-engines and carriages not used by a
company (for a time period) are made available

AuthorizationPlan[]: accuracy (5——9),

Investment cost: €5000
Duration: 9 months
Effort (man-month): 12

(d8)  to the other partners—this means building a throughput (4—9) Technical difficultv: 5
shared rolling stock usage calendar and (time horizon: 24 months) Oreanizational difﬁ;ﬂl .8
authorizing some drivers to drive partner Igerceive d impact: 77t}é'
locomotives (possibly of different type) pact 74
Train crew sharing (with other 4 partner J Ouné}i];)ciglrf)sliizrriizs(512:98)), age Investment cost: €3000
companies)-teams from one company in a thi‘ou hput (2—9) ! Duration: 11 months
specific geographic region can be used also by . &P Effort (man-month): 9
(d9) artner companies which may not have seriousness: accuracy (3-+6), age (28) Technical difficulty: 5
P comparier . y o getDrivingHours(): age (1—38), . Y
employees in that region—this means building a S e Organizational difficulty: 8
- reliability (5—8), availability (5—9) . .
shared train crew calendar (time horizon: 24 months) Perceived impact: 386.6
Design and implementation of a resource Investment cost: 16.000€
lanning softwarep latform based on the newl for all: consistency (—9) Duration: 15 months
P & e plat . . y for all methods: throughput, Effort (man-month): 8
(d13) described artifacts, in collaboration with a

university—this will also support projects
(d8) and (d9)

response time, availability (—9)
(time horizon: 18 months)

Technical difficulty: 5
Organizational difficulty: 9
Perceived impact: 430.5

Real-time monitoring (and recording) of
locomotive parameters and context (e.g., instant
speed, energy consumption, GPS position,
(d16) meteorological conditions)-besides train instant
geographical positioning, this will enable
tracking the driving style of the train driver
(which impacts on energy consumption)

skills: accuracy (6—9), completeness
(2—8), volatility (2—38), age (1—38),
consistency (1—9), relevance (5—8),
availability (2—8)
(time horizon: 18 months)

Investment cost: 12.000€
Duration: 12 months
Effort (man-month): 6
Technical difficulty: 6

Organizational difficulty: 3

Perceived impact: 311.7

online project dashboard for customers (on the
company website), allowing them to manage
(d20) their commercial transport projects—request new
transport, see real-time data about current
transports etc.

Journey[]: completeness (2—8),
age (2—9), throughput (1—9)
getPositionOn(): accuracy (3—9),
throughput (1—-9)

(time horizon: 24 months)

Investment cost: 6.000€
Duration: 6 months
Effort (man-month): 4
(only our side)
Technical difficulty: 5
Organizational difficulty: 8
Perceived impact: 297.6

4.3. Implications for Practice
4.3.1. Remarks on Operational Artifacts Definition and Modelling

In practice, business artifacts may have a large variety of class design solutions, but

this does not impact how the algorithm would be applied. It may be true that poorly
designed artifacts may lead to inefficient and ineffective improvement initiatives, as artifact
modelling “correctness” cannot be guaranteed. Furthermore, our research does not focus
on checking such “correctness”. However, having a “fair enough” business artifact model,
in terms of efficiency and effectiveness of processing information, should suffice. Any
“general-purpose” artifact design approach already covered by the literature can be used
in the first algorithm step (for instance [33]), as long as the artifacts are derived from the
particular operational information system of an organization (ground idea 3), the rules
of thumb proposed in Step 1 of the algorithm are applied, and the interfaces between
processes/tasks are rebuilt so that they consist of “pointers” of business artifact properties
and/or methods (ground idea 2). In doing so—starting from the operational information
system and shifting focus from “conformity to a plan” to “building the result so that it fits
other tasks”—we avoid the elicitation of (just) general performance-enhancing initiatives,
and target operational agility.
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Another issue that could be raised is whether improvement initiatives would trigger
changes in the artifact model, which would make the algorithm inefficient. Improvement
initiatives, in our approach, should impact specific artifact quality levels and not change
the artifact itself. For instance, in the case of the getDrivingHours() method discussed in
the case study, improving its availability or reliability level would not change the artifact
model. In fact, the organization operations (which are artifact class methods) do not change;
their effectiveness and/or efficiency should change. Although theoretically possible, we
consider model changes caused by improvement initiatives to be rare. In such a case, that
“improvement” would rather be a process re-engineering endeavor, such as implementing
an ERP. Indeed, artifacts may be completely changed in this case, but such improvement
projects are rather specific to strategic agility improvement approaches.

4.3.2. Remarks on Running the Algorithm

Planning the artifact quality in step 4 consisted of setting target quality values for
each metric. These target values actually drove the general objective of the improvement
initiatives proposed in step 5, as this is the eventual result of running the algorithm. The
target values should be reached within the time horizon estimated for each initiative, which
does not coincide with its duration. The scope of an initiative refers to what needs to be
achieved at the end of its implementation period; these results are the ones that actually
impact the artifact quality.

Priority initiatives should significantly impact artifact quality but should also be
easily implemented. As such, in Step 5, we also made use of criteria specific to project
management.

In Step 6, we used the TOPSIS method to calculate scores to prioritize improvement
initiatives. As the criteria (the metrics from step 6) are related to some extent, since one
partially influences the other, we did not opt for widespread methods such as AHP for
project ranking [64]. We used AHP, however, to initially rank the criteria. AHP was
considered adequate for this due to the short criteria list. We then analyzed these initial
rankings with the company representatives and adjusted the final weights to also fit their
perspective; these final weights were then used in the TOPSIS method.

4.3.3. Remarks on Algorithm Results

The main result of running the algorithm is the 22 weighted improvement initiatives. If
successfully implemented, they should directly contribute to the organization’s operational
agility by determining superior artifact quality and thus enabling better decision-making.
Another important result is the operational business artifacts and the target value list for the
artifact quality metrics. This allows the organization to set and agree on clear operational
performance goals.

The main benefit of applying the algorithm and implementing agility-related improve-
ment initiatives is the increase in operational agility. Currently, the company has to reject up
to five “one-time” transport requests each month due to shortages in rolling stock and train
crew; with increased agile capabilities, i.e., superior resource management, such rejected
transport requests should drop to a maximum of 2-3 per month. This is important, as, at
this time, over 80% of commercial projects consist of “one-time” transports.

The company estimates an increase in capacity utilization for its rolling stock, not
only by implementing the project (d8) rolling stock sharing but also by implementing
project (d13) resource planning software platform. The latter will also make scheduled
maintenance operations “visible” to anyone by building a complete “booking” calendar
for each car and locomotive. In this way, rolling stock can be properly “reserved” for
future transport projects. The company targets over 80% capacity utilization for cars (it
currently averages under 70%) and over 85% for locomotives (currently under 80%). This
will maximize revenue, especially for rented rolling stock, which represents, over a year,
between 30 and 50% of the total rolling stock.
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By implementing project (d9) train crew sharing, and by considering the current per-
sonnel shortage, the company estimates an increase in transport capacity by 4-6 transports
each month. At the same time, for periods with fewer transport requests, some of the train
crew may be detached from other partners, reducing wage costs by up to 15% (estimated
by the company).

A side benefit of applying the algorithm emerged after deciding improvement initia-
tives in step 5 of the algorithm. Although divergent opinions were raised while analyzing
the potential projects, the company representatives in the team, including the general
manager, reached a surprisingly high consensus level, with this being quite uncommon in
the company. Consensus meant, in this case, the “agreement to support the 22 initiatives”
rather than “agreeing that this initiative portfolio is the best”. We argue that the high
consensus level was determined by describing initiative benefits as quality improvements
of business artifact properties and methods, which are actually operational data perceived
as highly important by the company representatives.

4.3.4. Additional Remarks

Although we consider the algorithm application to be straightforward, a few addi-
tional implications for practice are discussed here, namely technical issues and the effort to
apply the algorithm.

Regarding technical issues, arguably the most technically challenging step is the first
one, which involves operational business artifact definition. It requires superior business
analysis skills, but consultancy services on business analysis are widely available if needed.
The successful identification of business artifacts and the reconsideration of business process
interfaces so that they point to specific business artifacts enables process modularity and
componentization, with this also being an agility enabler. The other algorithm steps should
not raise technical issues, as the tools and formalism used in the algorithm should be
familiar to project managers and quality personnel.

The algorithm application effort, in the case of our service-providing company op-
erating in the rail freight industry, was approximately 2.5 person-months. A rerun of
the algorithm is estimated at 0.5 person-months, without the first step (as artifacts are
already defined).

5. Discussions
5.1. Key Findings

As rather general answers can be found to the problem of building agility in a par-
ticular organization [21,41,42,56,57], we aimed to answer the research question of what
practices and techniques managers can implement in order to improve operational agility
capabilities. Although previous research provides relevant insights into agility-related ca-
pabilities, practices, obstacles, or (agility-related) information quality evaluation [27,47,48],
management teams still need effective tools to elicit agility improvement initiatives, in the
context of their unique organizational environment.

Based on the support of existing research related to artifact-centric approaches to
operational agility [33,40—42,44,46,47] and business artifact quality [26,42,46,48,49], we
grounded our conceptual framework (see Figure 1). As per this framework, the operational
business goals determine the operational model, similar to an operational vocabulary of
the processes. Its instances, the business artifacts, are the actual objects (information units)
that are created and used in work activities. The operational business artifacts represent
the operational agility capability of a business, and improving their quality will impact the
operational agility. Internal improvement initiatives should be proposed and prioritized
by how they impact artifacts with lower quality levels, as this will eventually improve
operational agility.

Our results add to the existing literature by (1) proposing a conceptual framework for
understanding and increasing operational agility in service organizations, (2) proposing
an algorithm to elicit and prioritize agility improvement initiatives by identifying quality
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bottlenecks in operational business artifacts, and (3) presenting a case study to demonstrate
the effectiveness of the proposed algorithm.

The case study showed how the proposed algorithm was successfully used in a service
organization to elicit 22 weighted improvement initiatives related to operational agility.
Starting from the “cost tree” of their commercial projects, they modelled their operational
artifacts in five core classes and then assessed the quality levels of their artifact instances.
Focusing on three processes for which several agility-related issues did exist, they proposed
improvement initiatives to impact the quality of two specific artifacts. When prioritizing
them, apart from the impact, they also considered the investment cost, duration, effort, and
technical and organizational difficulty related to each initiative.

Via the case study, the algorithm provided a concrete answer to the research question
of what practices and techniques managers can implement in order to improve operational
agility capabilities. It also seeks to fill the gap in the existing literature regarding concrete
means of increasing operational agility. It is also a response to the call in [65] for agility and
flexibility scholars to focus more on the service sector.

In the remainder of this section, by following the guidelines for Design Science in In-
formation Systems Research [59], we will further discuss (a) the relevance for practitioners,
focusing on the algorithm, (b) applicability and generalizability, focusing on the case study,
and (c) relevance for scholars, focusing on the conceptual framework.

5.2. Relevance for Practitioners

The intensity of awareness and research on agility, with all its facets [1,19-21], stresses
its relevance. Organizations have to move faster than the market around them, both in
terms of decision-making and capability development over time [2], and managers need to
understand what makes their companies agile, how agile they actually are, and how they
can improve agility. As such, this article’s research question may be even more relevant
in the case of service organizations. The proposed algorithm implies defining operational
artifacts, starting from the particular operational information system of the organization
(step 1), thus supporting managers in understanding their agility-related assets (ground
ideas 1-3). Managers can also use performance targets for artifact quality (step 4) as
agility-related success metrics.

Relevance to a particular community also means addressing problems faced by the
interaction of people and organizations [59]. Regarding agility improvement endeavors,
team members might have different opinions of what initiatives to start, with different
justifications for selections [55]. Approaching improvement initiatives as artifact quality
improvement projects (step 5) may align opinions, and managerial consensus in prioritizing
improvement initiatives, which is crucial to their success, can be thus obtained. This is
because numerical information quality target values can be more easily agreed upon. In
light of the first and third ground ideas of this article, potentially different views on agility
capabilities may also become aligned. Disagreement on the operational agility capabilities
of the organization may fade if these are associated with business artifacts at the operational
level of the business, which are derived from the particular operational information system
of an organization (ideally modelled via a domain ontology).

5.3. Applicability and Generalizability

Applicability means the usefulness of the algorithm for the particular task of improving
operational agility capabilities. The algorithm should be suited to the particular business
environment of the organization using it, so one applicability aspect is its integration within
the technical infrastructure of the business environment. In its current form, the proposed
algorithm is an intellectual tool that is suited to any technical infrastructure providing basic
communication and information-sharing features.

Another applicability aspect is the practical worth of the algorithm results. The main
output of the algorithm is a list of improvement initiatives, prioritized by their impact on
operational business artifact quality. The calculated improvement initiative scores also
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reflect investment cost, man-hours, time span, technical difficulty, and organizational diffi-
culty; as such, the management team can easily transform the top improvement initiatives
into internal improvement projects for increasing agility. As each improvement initiative
aims at improving one or more quality aspects of artifacts to reach a precise target value,
the management team can easily monitor the success of the improvement projects.

Applying the algorithm itself within the organization, for determining improvement
initiatives, can be also managed as an internal improvement project, with a clearly defined
scope and steps. A time horizon can also be estimated after the first run (e.g., 3-4 weeks for
the organization in our case study).

Functionality is another applicability aspect. The algorithm consists of several func-
tions that reflect the ground ideas discussed in Section 2: Review the operational informa-
tion system (the operational vocabulary) of the organization, define or reassess operational
artifacts, model artifacts as software classes/objects, rebuild interfaces between tasks, de-
termine present values and set target values for business artifact quality, and elicit and
prioritize improvement initiatives to reach the set target values. All the functions were run
within the case study with minor issues, such as (for instance) different perceptions of the
team members on artifact quality levels.

Data and algorithm output accuracy are also applicability aspects. Regarding data
accuracy, an empirical validation of the modelled artifacts was performed by checking that
any interface between projects can be represented by a structure consisting of pointers to
properties or methods of artifact classes. The accuracy of the modelled artifacts, which are
also an output of the algorithm, was proved by checking that any interface between projects
and virtually any report requested by management can be represented by a structure
consisting of pointers to artifact class instances (or properties/methods of such instances).
Furthermore, while any algorithm with input data deriving from individuals and teams,
rather than (verified) data streams, complies with the “garbage in garbage out” rule, we
made use of a clear metric definition and a simple mathematical formalism for analyzing
data, as discussed in Section 3.2, in order to improve (or at least maintain) data accuracy.

Regarding output accuracy, the main output of the algorithm of the weighted improve-
ment initiatives. To check that the initiative list is accurate, or “correct”, a “reference value”
is needed. To obtain it, we set up informal conversational interviews with the general man-
ager and two other key persons from the technical department, right after presenting them
the initiative list. None of them were involved in completing steps 4-6 of the framework.
The goal of the interviews was (a) to understand their desirability of implementing the
proposed improvement initiatives and (b) to check if the computed weights were consistent
with their perception of how the initiatives should be prioritized. The findings were as
follows. Regarding issue (a), each initiative was considered particularly important for
increasing the agility capabilities of the company. Regarding issue (b), the general manager
ranked initiative (d13) as #2, (d14) as #7, (d9) as #8, (d20) as #15, and (d8) as #19. The two
key persons from the technical departments ranked (d13) as #2 and #1, (d14) as #9 and #7,
(d9) as #8 and #8, (d20) as #15 and #13, and (d8) as #19 and #11. The ranks are close enough
to the scores calculated by the algorithm. We, therefore, consider the output accuracy level
to be satisfactory.

Regarding the improvement in initiative score accuracy, numeric values were assigned
to the improvement initiative weights and the artifact properties” quality levels. However
important the improvement initiatives might be for boosting agility, chances are that the
organization lacks the financial and human resources to simultaneously implement them,
therefore the need to prioritize them. An impartial, objective, and reasonable manner of
prioritizing them is to express their implementation attractiveness by numerical values.
The same holds for planning the quality level of business artifact properties and methods
by expressing their target values (needed performance level) by numerical values.

Two improvement initiatives that score closely together may still differ in their per-
ceived impact on artifact quality, on one hand, and investment cost and technical difficulty,
on the other hand: One may determine better artifact quality, but may cost more and/or
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be more difficult to implement. However, two projects that involve similar resources and
effort, but impact artifact quality differently, will obviously obtain different (therefore
unique) rankings by applying TOPSIS (step 7).

Quantitative metrics such as age, accuracy or transmit time, used in step 5 to measure
the quality levels of artifact properties and methods, do guarantee different numeric values
for different quality levels of information. This does not necessarily hold for qualitative
metrics such as relevance or format usefulness; a workaround was, in our case, to gain
consensus on the quality level by forming a mixed team to help us assess those particular
quality aspects. The team consisted, in addition to the authors, of one key person from the
technical department and two persons from the train staff.

Generalizability, in our context, indicates how useful the conceptual framework and
algorithm are for a broader group of people or situations. Although we tested the algorithm
by running only one longitudinal case study within a service-providing organization in the
rail freight industry, we argue that it can be applied in any service-providing organization.

5.4. Relevance for Researchers

An important goal of research in Information Systems is to acquire knowledge and
understanding that enable the development and implementation of technology-based solu-
tions to heretofore unsolved and important business problems [59]. As such, to researchers,
we propose an overview of organizational and operational agility, an artifact-centric ap-
proach to operational agility, and insights into how to improve agility via improving
business artifact quality. We derived six ground ideas from the literature review, and—
based on them—we provided a conceptual framework for understanding and increasing
operational agility in service organizations. Although the ground ideas, viewed indepen-
dently, are not all necessarily new, as far as we are aware, their integration into a conceptual
model has not yet been achieved.

Our work focused on service organizations, which may face challenges in understand-
ing their agility-related assets and success metrics and in defining the scopes of work
for agility-related improvement initiatives. By proposing the algorithm for eliciting and
prioritizing agility-related improvement initiatives, we thus respond to the call of [65] for
agility and flexibility scholars to focus more on the service sector, which contributes to over
70% of developed countries” GDPs.

5.5. Limitations

The performance level of artifacts is identified in step 4 by determining present values
for quality metrics, for each property and method of an artifact class. Artifacts are actually
instances of artifact classes, such as objects in OOP, and in a real scenario, a dynamic
array of artifacts does exist for each artifact class. For example, a new instance of TTrain
is created each time a new transport is planned. We acknowledge that the performance
level for a particular property or method may vary among artifacts of the same type;
this was, however, not considered while developing the algorithm. The current quality
levels assessed in step 4 actually reflect average values of recent artifact arrays. Future
development of the algorithm will address this issue.

As we proposed, operational business artifacts can be abstracted by building an
ontology that models the organization’s operational “world”, and thus be better understood
and “accepted” by the company personnel. However, the ontology-based approach may
make business artifact definition difficult without support from a skilled business analyst.

6. Conclusions

Service organizations need to become more agile in the current dynamic market while
dealing with a high volume of information of variable quality and complex processes. Their
management teams may face challenges in understanding their agility-related assets and
success metrics. They may furthermore face challenges in defining the scope of work for
agility-related improvement initiatives.
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Organizations are different in terms of size, domain, capabilities, and resources, so
they need to be specific in their own capabilities for agility and run their own agility
improvement initiatives. As rather general answers to this issue can be found in the
literature, we aimed to answer the research question of what practices and techniques can
managers implement in order to improve operational agility capabilities.

This research adds to the existing literature by proposing a conceptual framework for
understanding and increasing operational agility in service organizations. Based on this, we
proposed an artifact-centric algorithm that supports service organizations in eliciting and
prioritizing agility-related improvement initiatives, by (a) understanding agility-related
assets through modelling operational business artifacts, (b) determining agility bottlenecks
through identifying quality issues in operational artifacts, and (c) eliciting and prioritiz-
ing improvement initiatives to increase artifact quality. We applied the algorithm within
a service company operating in the rail freight industry and identified 22 weighted im-
provement initiatives; implementing them should positively impact all modelled business
artifacts currently facing quality issues.

The operational business artifacts and the target value list for the artifact quality
metrics allowed the company to set and agree on clear operational performance goals.
The calculated improvement initiative scores, reflecting investment cost, man-hours, time
span, technical difficulty, and organizational difficulty, allowed the management team to
easily transform the top improvement initiatives into internal improvement projects for
increasing agility. We thus consider the algorithm to be an applicable and relevant tool for
management teams in service organizations.

The proposed artifact-centric approach to operational agility aims to contribute to
knowledge and understanding of heretofore unsolved and important business problems,
which is a relevant research goal in Information Systems. By focusing on service organiza-
tions, we also contribute to the call of [65] for agility and flexibility scholars to focus more
on the service sector, which contributes to over 70% of developed countries” GDPs.

Future work will consist of implementing a software rail freight resource planner,
based on the proposed framework.
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