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Abstract. Process mining mainly focuses on the retrieval of process mod-
els from event logs. As these discovery algorithms make assumptions, perfor-
mance analyses based on these models can present a biased view. In literature,
algorithm-agnostic process metrics have been introduced. Given the critical im-
portance of resources in the light of continuous process improvement, this paper
extends the process metrics framework towards the resource perspective. New
metrics are added and existing metrics are adapted. Using the extended frame-
work, organisations can retrieve useful insights in resource behaviour.
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1 Introduction

Process mining aims to retrieve valuable insights in business processes from event logs.
Discovery, one of three types of process mining, aims to discover process models from
event data. Related to control-flow, a plethora of algorithms have been developed [I],
which all make particular assumptions and have a representational bias. Carrying out
process performance analyses using such a process model entails the risk of presenting
a biased view on the underlying process.

In this respect, the need for unbiased, algorithm-agnostic information retrieved
from event logs is advocated in [I6]. Hence, a set of metrics, related to time and
structuredness of the process, is identified. These unbiased insights in process behaviour
can support performance measurement [12] and continuous process improvement [I1]
which is related to methodologies such as lean management and Six Sigma.

A classification of resources in the domain of project management can be found in
[7]. However, this paper focuses on process participants, software systems or equipment,
as resources are defined in the field of BPM [4]. The importance of resources is not yet
recognised in [I6]. Nevertheless, resources are a source of process variability and their
behaviour is essential in the light of continuous process improvement [2]. Consequently,
this dimension should be taken into account to convey a more comprehensive picture
on process behaviour to organisations. This is consistent with the research recommen-
dation in [I4] as it targets the resource perspective in process mining.

Given the need to include the resource perspective, this paper extends the work in
[16] to include resource-related process insights. To this end, new metrics are proposed
and existing metrics are redefined or complemented with additional analysis levels.
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Within the context of quantifying the resource perspective using event logs, metrics
that mainly focus on the relationship between resources are proposed by [I5]. While
the latter specifies metrics with the purpose of mining organisational models, [5] and
[13] focus on defining resource behaviour measures. The current paper complements
this as well as the recently introduced resource availability metrics [9]. Besides the
general contribution of providing algorithm-agnostic resource insights to organisations,
the extension of [I6] can also support organisations in performing knowledge manage-
ment, for instance when creating a knowledge map [3], or project management with
applications such as resource levelling or resource allocation [g].
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Fig. 1. Extended overview of log-based process metrics [16].
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2 Resource metrics

Next to three new metrics concerning the concept of resource behaviour, adaptations
to existing metrics in [16] are presented. Levels of analysis currently presented are the
log level, trace level, and activity level. New levels of analysis related to resources are
the resource level, representing characteristics of the resources executing the activities,
and the resource-activity level in which resource-activity combinations are considered
as introduced in [I0]. All metrics have been implemented as functions in the R-package
edeaR, which is available on the Comprehensive R Archive Network [6]. An overview
of all metrics presented in [I6] extended with the new work presented in the paper at
hand is provided in Figure

2.1 Running example

The metrics presented in this paper will be illustrated by applying them to the running
example introduced in Figure 2| The latter visualises an event log for five patients
undergoing five different medical activities executed by six distinct staff members of a
hospital. The duration of activities is presented by their length.

2.2 New resource metrics

Resource frequency. The frequency of resources executing activities in a business
process can be insightful, e.g. during company restructuring. In Figure [2| a resource
is associated to on average 5.167 activity executions, with a minimum of 1 (resource
R6) and a maximum of 8 (resource R4), implying that R4 is probably more active and
fundamental for this process. At trace level, this metric is less informative because,
even though the sequence of activities is the same, the resources executing them can
differ. Other analysis levels are activities, resources and resource-activity combinations.
For the latter, both the resource perspective and activity perspective can be useful for
the relative number. R4 executes a surgery four times, representing 50 % of the total
number of executions by R4 and 57.14 % of the total number of surgeries.

Resource involvement. The involvement of resources in cases can be of interest
to, e.g., decide how “indispensable” they are. R5, for instance, only helps three patients,
while R3 is involved in the process of 100 % of the patients. On the resource-activity
level, the involvement of specific resource-activity combinations in cases is provided.
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Fig. 2. Visualisation of running example event log.
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Resource specialisation. Finally, the specialisation level of resources in a com-
pany demonstrates which resources are performing certain activities more than others.
This information can be used to tackle challenges such as team selection or brain drain,
as presented in [3]. Next to the log level, the resource level shows the absolute and rel-
ative number of distinct activities that each resource executes. R1 only executes two
types of activities, examinations and radiotherapy, while he executes these activities six
times in total. At the level of distinct activities, we find that examinations are always
executed by the same resource, while radiotherapy is executed by everyone.

2.3 Adaptations to existing metrics presented in [16]

Looking at the processing time per case on the resource level provides a company
an overview of the amount of time each resource spends on a case and which resources
spend more time on cases than others. R3 spends on average around five times more
time per patient than R5. However, comparing different resources or activities can be
more insightful at the resource-activity level.

Extra levels of analysis can also be added to the structuredness metrics regarding
start and end activities in a process. Which resources execute the first or last activity
per case can be of interest for a company. Probably this person is the contact person
for the patient or customer or is responsible for all communication.

Moreover, resource information was not taken into account in the metrics regarding
rework. The metrics presenting self-loops and repetitions should take into account if
the activity is redone by the same resource or by another one. Therefore, these metrics
are rewritten according to four concepts, presented in Figure 3| A repeat self-loop is
found in case 5, where radiotherapy is executed twice immediately after each other by
R4. Case 2 holds a redo self-loop, where R4 executes radiotherapy after R3 executed
it. Case 2 also holds a redo repetition, i.e. surgery is executed by R3 and R4 (but not
immediately after each other). Finally, a repeat repetition is present in case 4 where R3
executes chemotherapy twice with an execution of radiotherapy in between.

Immediately following
Repeat self-loop | Redo self-loop
Repeat repetition|Redo repetition
Not immediately following

Same Resource Different resource

Fig. 3. Dimensions of rework metrics.

3 Conclusions and Future Work

This paper presents an extension of [16] towards the resource perspective. New metrics
are presented and existing metrics are adapted. This way, it anticipates on the impor-
tance of resources in the light of continuous process improvement and the need to gain
algorithm-agnostic insights in their behaviour.

Future work involves applying the metrics to a real-life event log and formulating
managerial recommendations based on these insights. Moreover, studying the evolution
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of metric values over time and examining the combined evolution of metrics can provide
valuable knowledge. For instance, a decrease in processing time at resource-activity level
combined with an increase in rework over the same time period might not be desirable
for organisations.
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