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Abstract. Studies have shown that the focus of Business Process Management (BPM) mainly lies on process discovery and process implementation & execution. In contrast, process analysis, i.e., the measurement
of process performance, has been mostly neglected in the field of process science so far. However, in order to be viable in the long run, a
process’ performance has to be made evaluable. To enable this kind of
analysis, the suggested approach in this idea paper builds upon the wellestablished notion of devil’s quadrangle. The quadrangle depicts the process performance according to four dimensions (time, cost, quality and
flexibility), thus allowing for a meaningful assessment of the process. In
the course of this paper, a framework for the measurement of each dimension is proposed, based on the analysis of process execution data.
A trailing example is provided that reflects the expressed concepts on a
tangible realistic scenario.
Keywords: Business processes, process analytics, devil’s quadrangle

1

Introduction

According to a survey conducted by Müller in 2010, a majority of the questioned companies saw a direct correlation between Business Process Management (BPM) and corporate success [13]. To be able to conduct BPM successfully the performance of a process needs to be measured. Nonetheless, studies
have shown that business process analysis has long been neglected in the field of
BPM [16,19], as BPM devoted most of the research endeavours on the aspects
of process discovery, and process implementation and execution. To be able to
analyse a process properly, process performance has to be measured first. A
well-established paradigm in that sense is dictated by the so-called devil’s quadrangle [4,8]. It shows process performance based on four dimensions: time, cost,
quality and flexibility. Those four factors for performance measurement influence each other in a way that it is not possible to improve performance of one
dimension without affecting other dimensions, either positively or negatively [4].
An advantage of the approach of measuring process performance with the devil’s
quadrangle is the possibility to compare changes in the performance over time
as visually depicted in Fig. 1.
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So far, process analysis has been a neglected field of process science and only
a few suggestions have been made on how process performance could be measured according to those four dimensions, such as in the case of [8,11,10,20].
Furthermore, to the best of our knowledge, no metrics have been proposed for
those dimensions that can be automatically measured over the log data of Business Process Management Systems (BPMSs). However, in the long run process
analysis will be crucial for corporate success, thus demanding a framework that
allows for a meaningful assessment of a process.
With a focus on the service
sector, we propose a framework
that suggests how metrics for
Time
the devil’s quadrangle’s dimencurrent Quadrangl
sions can be derived by using log
original Quadrangl
data generated by a process engine. Our final aim is to help the
team involved in a BPM initiative
Cost
to make informed decisions on Flexibility
the changes to apply to the processes under analysis, driven by
factual knowledge stemming from
real data. To increase the applicability of the suggested framework,
we propose measurements based
Quality
on values that are most commonly
recorded by BPMSs, such as the Fig. 1: Changes in process performance [4]
time and resource allocation of activity executions & incident handling. In the spirit of the idea paper, we focus on the rationale behind the
proposed metrics and exemplifications thereof, paving the path for formal and
technical treatises. The presented framework is based upon the results of a dedicated investigation on the matter, conducted in the context of a research project
in collaboration with PHACTUM Softwareentwicklung GmbH.
The remainder of the paper is structured as follows: Section 2 proposes a
trailing example process and draws preliminary considerations on the analysis;
Section 3 provides a framework on how the four dimensions of the devil’s quadrangle can be measured by using log data generated by a process engine. Finally,
Section 4 concludes the paper and draws some remarks for future research in
the field.
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Preliminaries

Figure 2 depicts an insurance claim process. The process starts with a claim
that is received and forwarded (activity A) to a specialist by the secretary of
the insurance company. The specialist then assesses the damage (activity B) and
writes a damage report (activity C). Subsequently, it has to be decided whether
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Fig. 2: Example process of an insurance claim
Table 1: Average duration of the insurance claim process
A
Avg. Duration

C D E

Wait. time

Total

10 300 150 20 20

B

460

940

the claim is approved or not. In case of approval, the money to cover the damage
is transferred to the policyholder (activity D). If the claim is rejected, the insured
party is informed (activity E).
As it can be seen in Table 1, the average duration of the process is 940
minutes, which is equivalent to 15.66 hours. The total average duration consists
of the average duration of every single activity (except for activities D and E
who are counted as one, as one instance can only take one path, plus the time
an instance had to wait for further processing, i.e., the wait time). To sum it up,
the length of the observation period roughly corresponds to two working days,
assuming that one working day amounts to 7.5 hours. The reference period is
by default also set to two working days, i.e. 940 minutes.
The example process and its log data will be exploited in the remainder
of the paper to exemplify how the suggested metrics are measured. Before the
derivation of the metrics for each dimension though, we draw some preliminary
considerations about (i) the time span into which the process performance is
assessed, and (ii) the comparability of the measurements.
For what the first point is concerned, we are interested in the notions of
observation time and reference time. The observation time in terms of duration
is equivalent to the lead time of a process, namely the time it takes to handle
an entire case. To assess the performance of a process, it is crucial to know for
how long data on a process needs to be collected in order to allow for a sound
statement. Reference time, on the other hand, relates to the past performance
of a process or, more precisely, to the period of time for which former process
performance is observed. The setting of a reference time enables a comparison
of current process performance and past process performance, thus making it
possible to further enhance performance assessment. Therefore, the reference
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period is used to compare the metrics measured during the observation period
with past process performance, so that conclusions about the development of
the process can be drawn.
To derive benefit from the devil’s quadrangle the observation period has
to be chosen carefully. This is because it is highly unlikely that a reasonable
conclusion about process performance can be drawn from the quadrangle if the
observation period is longer or shorter than the actual process time. Following
the cycle-time concept from Kanban literature [3], the average total duration of
the process is used as a basis of calculation – consequently, data on the process
has to be collected first. To ensure that the amount of data collected is sufficient,
we recommend that the process owners be consulted. They would know how
long the process lasts on average and can recommend an adequate period of
time for data collection. Once the average total duration of the process has been
determined, a safety margin in the form of the standard deviation will be added.
Of course the time frame for the observation period can be modified by the user.
The observation period calculated by the system is merely a default setting and
has to be seen as a recommendation for the user. To calculate the duration of
the observation period for the example process, the average total duration of
the process has to be determined. According to Table 1 the average observation
period should be set to 940 minutes. Please notice that for reasons of simplicity
no safety margin was added.
In Fig. 1 the reference period is represented by a dashed line. The reference
period depicts the past performance of a process for a predefined period of time.
By default the reference period comprises the same time frame as the observation
period. This setting can again be changed by the user according to the current
evaluation needs. The reference period for the example process is equal to the
observation period’s duration and amounts for 940 minutes. Both the current
quadrangle (i.e. observation period) and the original quadrangle (i.e. reference
period) are put on top of each other in order to make comparison possible.
To guarantee the comparability of the devil’s quadrangle’s four dimensions
their values should move within the same scale. In this paper it has been decided
upon a scale ranging from 0 to 100 percent. The more the value of one dimension
approaches 0, the worse the respective dimension performed.

3

Approach

Throughout this section, we define the metrics that we associate to each dimension of the devil’s quadrangle: Section 3.1 deals with the time dimension,
Section 3.2 is concerned with the cost dimension, Section 3.3 focuses on the
quality dimension, and Section 3.4 discusses the flexibility dimension.
3.1

Time Dimension

When measuring the time dimension of a process, we are interested in how
much time is dedicated to the carry-out of the tasks of a process instance. Consequently, we focus on the service time, i.e., the time the resources spend on
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Table 2: Measurement of the time and cost dimensions
Activity

Run
Run
Run
Run
Run
Run
Run
Run
Run
Run

1
2
3
4
5
6
7
8
9
10

Total Runtime

A

B

C

D

10
5
20
10
10
25
10
10
5
5

240
300
360
240
180
300
300
240
360
360

60
120
120
120
60
240
120
60
180
180

20

E
20

10
10
20
10
30
10
20
10

Wait. Lead. Service
time time time
360
240
240
180
360
360
300
60
360
360

690
685
750
560
630
935
760
380
925
915

330
445
510
380
270
575
460
320
565
555

Service/time
ratio
47.83%
64.96%
68.00%
67.86%
42.86%
61.50%
60.51%
84.21%
61.08%
60.66%

110 2.880 1.260 100 60

actually handling a case [8]. The service time of a case is then compared with
the case’s lead time, thus indicating how much of the total time an instance
takes to finish is spent on actual work. The higher the service time ratio, the
better, as more time has been spent on actually handling a case and less time
was lost due to a process instance being at a resting stage.
As it is very likely that more than one case is examined during the observation period, we once again calculate the service time ratio for each process
instance, i.e., the comparison of a case’s service time with its respective lead
time, and calculate a median for all the single values. The resulting median is
then transferred to the time axis of the quadrangle.
In order to generate data for the calculations regarding the insurance claim
process, we ran an example of ten instances of a process (see Table 2). First,
the lead time of the process, consisting of the duration of each activity and the
wait time, i.e., the time an instance waited for further processing, was calculated.
After that, the service time (i.e. the time a process instance was actually handled)
was computed. These two steps were taken in order to be able to gather the
service time ratio, which indicates how much time of the process was spent on
actual work. In the end, the service time ratios for each run were sorted in
descending order to calculate the median for the time dimension. The resulting
median for our computation is 61.29%.
3.2

Cost Dimension

To calculate the process costs, personnel expenses for each process task are stored
in a variable. Then the expenses for each task of the process are added up to a
total value. A justification for the use of personnel cost for calculating a process’
cost is seen in the importance of this type of cost for organisations. Personnel
expenses normally represent the most relevant cost type of the service sector –
in production industry they are the second most important cost type [6].
The personnel costs are most likely stored in a central database, which contains the salary of every employee. Through the integration of such an information in the database with the data logs of the BPMS, the current hourly payment
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of each employee can be calculated. It is important to notice that for cost calculation the actual personnel costs have to be used. The term actual personnel
costs refers to direct payments to employees increased by continued payment of
salaries (in case of holiday, sick leave and bank holidays), holiday pay, Christmas
bonuses, the employer’s social security contributions, overtime rates and other
personnel costs [6].
As the event log stores information about how long an employee has been
working on a task, a viable measurement of the process’ cost can be achieved by
multiplying the actual labour costs per hour by the processing time per task. The
costs will then be determined for the selected observation period. The result is
then compared with the total costs of the organisation for the same observation
period resulting in a percentage value that can be transferred to the cost axis
of the devil’s quadrangle. The higher the value the worse the process performed
with regard to the cost dimension (i.e. a high value means high personnel costs
compared to total costs). However, it has already been mentioned in Section 2,
we want all the axes to have a uniform meaning: The closer the value is to 100%
the better process performance is rated. This is why the value received from the
previous division has to be inverted before transferring it to the cost axis.
Considering the insurance claim process example, it is assumed that the costs
for the secretary amount to $20 per hour and that the specialist is paid $40 per
hour. Moreover, it is exactly known which activities are handled by whom. With
this in mind, the total duration of activity A is multiplied by the hourly costs
of the secretary, whereas the duration of the remaining activities is multiplied
by the hourly rate of the specialist (the total duration can also be extracted
from Table 2). The resulting sum is then compared with the total cost of the
company, which we estimated with $4.000 per working day. The value for the
cost dimension thus amounts to the inverted ratio: Its value, 27.42%, can be
depicted on the quadrangle.
We remark here that we assume a complete knowledge of the work of resources, with information on the assigned task and duration of the carry-out
thereof. This is a reasonable assumption in case a BPMS is supporting the process execution. Otherwise, the conduction of tasks in parallel, or the interruptions during task handling, holidays, weekends, etc., need a substantial amount
of effort to be considered [1].
3.3

Quality Dimension

When measuring the quality of a process we want to consider two different
aspects: First, we want to examine whether the process finished as planned. We
will refer to this first aspect of quality as outcome quality, as it can help to
judge the path a process instance took to finish the process. Second, it is to
be checked whether any incidents (i.e., technical errors that can occur during
process execution) were created. We will henceforth refer to it as technical quality.
After both subdivisions of quality have been evaluated they are combined and
transferred to the quality axis of the devil’s quadrangle.
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Table 3: Process traces
Run
Run
Run
Run
Run
Run
Run
Run
Run
Run

1
2
3
4
5
6
7
8
9
10

A
A
A
A
A
A
A
A
A
A

B
B
B
B
B
B
B
B
B
B

C
C
C
C
C
C
C
C
C
C

D
E
D
D
E
E
D
D
D
E

7

Table 4: Measurement of the technical quality

Run
Run
Run
Run
Run
Run
Run
Run
Run
Run

1
2
3
4
5
6
7
8
9
10

Incidents

Elements

Incident rate

0
5
0
1
1
0
2
0
0
1

8
8
8
8
8
8
8
8
8
8

0%
62.5%
0%
12.5%
12.5%
0%
25%
0%
0%
12.5%

Outcome Quality. The measurement of the outcome quality serves to assess
the course a process instance takes to reach the end of a process. This implies
the existence of one or more ideal paths through the process. Yet it would be
very time-consuming to assess each process element’s affiliation to the ideal path
as in most of the times there are different ways through the process an instance
can take. Moreover there could be various ideal paths.
Information on the termination of the process instance, typically depicted as
end-events in executable process models, should be added. It should include the
information whether the achieved outcome was positive or negative. Then, the
number of end events that led to a positive outcome of the respective process instance are compared with the total number of process instances executed during
the observation period, resulting in a percentage value that can be transferred
to the quadrangle’s axis. Within the scope of this paper, we assume that a process has at least two end elements, of which one has a positive and the other
a negative outcome. The more end events a process has the higher the chance
to make a fundamental statement about the process’ ideal path(s). Other ways
can indeed be adopted to mark the executions as reaching the expected process
goal or not. For instance, a process does not necessarily have more than one end
event. In this case there could be an exclusive or inclusive split at some point.
Depending on the path the process instance takes after that split it is decided
whether the decision had a positive or negative impact on the process.
Therefore, the approach to measure the outcome quality should be seen as
a starting point for further research. Ideally, it will be possible in the future
to identify a path quality, not just assessing the end elements of a process, but
rather evaluating whether a specific process element belongs to the ideal path.
Table 3 shows all the paths that the simulated instances took through the
insurance claim process. In order to calculate the outcome quality, the meaning
for each end point of the process has to be defined. As an insurance company
most likely prefers not to pay for a damage claimed by a policy holder, the end
event Money transferred (subsequent to activity D) has a negative impact on
process quality, whereas the end event Insured party informed (following activity
E) has a positive impact. In Table 3 it can be observed that four out of ten runs
ended with a rejection of the insurance claim, which has a positive meaning
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for the insurance company. At that stage, the number of positive end events
is compared with the total number of process instances within the observation
period. The four positive end events thus are divided by the total of ten, i.e., the
number of process instances in the observation period. The result is an estimated
outcome quality of 40%.
Technical Quality. To enable the assessment of a process’ technical quality
the number of incidents within a predefined observation period can be counted.
The more incidents registered for a specific period of time, the worse the process
performed in terms of technical quality. In the end, all incidents recorded in the
observation period are compared with the total number of elements in a process.
The following example should help to better illustrate this procedure. It is
assumed that a process instance records 20 events in the log. During the process
execution five incidents are thrown. The technical quality given by the inverted
ratio of incidents per process results in a value of 75% for that process instance.
Afterwards, a median is calculated for all the values of the separate process
instances. The resulting median is then transferred to the quadrangle’s quality
axis.
Table 4 summarises all the incidents that were registered during the run of
one process instance of the example insurance claim process. The number of
incidents is then compared with the number of elements that occurred within
the same process instance, resulting in a percentage value. The higher this value,
the higher the number of incidents within one process instance. To gather a value
that represents the technical quality of the whole observation period, the median
for all incident rates is calculated. Thus, the technical quality of the process
equals 87.5% We remark that the ratio is inverted so as to keep consistency and
comparability of the metrics: the more the values on the scale approach 100 %,
the better the process performed. In contrast, a higher incident rate means lower
technical quality, thus requiring for an inversion of the original result.
Combining Outcome and Technical Quality. To transfer a single value
to the respective axis of the quadrangle, we combine the aforementioned quality
measurements into a single one. This is achieved by assigning a weight, which can
be chosen according to the interest of an organisation, to each of the two quality
metrics, i.e., outcome quality and technical quality. Then the values resulting
from the measurement of each dimension are multiplied with their respective
weights in order to compute a single value that can be transferred to the quality
axis of the devil’s quadrangle.
For the example process, it was chosen to weigh both outcome and technical
quality with 50% which results in a combined value of 66.88%, which can be
transferred to the quadrangle’s quality axis.
3.4

Flexibility Dimension

According to the Cambridge Dictionary, flexibility generally is “the quality
of being able to change or be changed easily according to the situation”. In
BPM-related literature different specific ways of how to define flexibility can
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be found [9,12,5]. Accordingly, we adopt various definitions of flexibility, each
contributing to a different aspect of the considered process.
In particular, we build upon the notion of run time flexibility as defined in [8].
Run time flexibility is the ability to react to changes while a workflow is executed.
We identify two main components that contribute to it. We first focus on the
concept of volume flexibility, namely the ability to handle changing volumes of
input, rephrasing the definition of [9]. The paper discusses, among other things,
a framework for IT-flexibility which can be divided into three dimensions. The
first dimension, which is called “Flexibility in Functionality”, is concerned with
the reaction of a system to changing input conditions. The system is considered
flexible if it can withstand varying input conditions. According to [17] flexibility
is the maintenance of a stable structure in the face of change, where the structure
is intended as what stands between the input and output. In the light of the
above, we define the flexibility as follows: Flexibility is the ability to keep the
processing speed of the single instances at an approximately constant level even
though the workload (i.e., the input) has increased (or decreased) significantly.
Even though our definition of flexibility slightly differs from the one of volume
flexibility in [8] we will henceforth use this term to refer to the ability of a process
to keep the instance’s processing speed at a constant level when there has been
an increase in work.
The other component of the run time flexibility concerns the ability to resolve
system exceptions that are thrown during the execution of a process. By incident
we mean a technical problem occurred during the BPMS-aided process execution.
Such an aspect is of particular relevance in several scenarios where BPMSs are
used in practice. This particular kind of flexibility will be thus referred to as
technical flexibility.
The remainder of this section will be concerned with a more detailed description of the aforementioned components of the run time flexibility. Moreover it
will be stated how metrics for the devil’s quadrangle can be measured for each
of the two.
Volume Flexibility. We define volume flexibility as the ability to guarantee a constant handling of process instances if there has been a change in the
workload. To facilitate the understanding of this flexibility concept, we consider
the case of the insurance company. In times of natural disasters, the number of
insurance claims would increase significantly, resulting in a higher workload as
well [2]. If the insurance company manages to adapt to the changed conditions
it is considered flexible.
The measurement of volume flexibility is based upon the lead time of a process. Flexibility is examined from a holistic perspective here, which is highly
suitable for the assessment of process performance at a glance. Within the scope
of this paper the existence of a BPMS is assumed. Therefore each process instance is assigned an ID which allows for a proper estimation of when the process
instance started and finished. Consequently, this knowledge enables us to make
an exact statement of the process instance’s lead time. From the measurements
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Fig. 3: Measurement of the flexibility metrics

taken in the initial phase of the process analysis we know the planned average
lead time of the process.
A first approach to the concept of flexibility is the calculation of an openclosed-ratio (OCR) for a previously defined observation period. This ratio is
computed by comparing cases in progress (open cases) with completed cases
(closed cases). When there has been an increase in the workload and the values
for open and closed cases balance roughly, it can be presumed that there is a
constant handling of cases. If, on the other hand, there is no balance between
the two values, it can be concluded that the process lacks flexibility.
The only problem of measuring the flexibility dimension as suggested above is
that the results could be corrupted. This is owing to the fact that the workload
level is not taken into account. To put it differently, what would happen if
the workload does not change, hence remains at a constant level, and the OCR
indicates a constant handling of cases? It could be assumed that the organisation
is highly flexible even though the workload remained stable. However, this does
not correspond to the definition of flexibility, rooted in the ability to adapt to a
changed or new situation. For this reason an additional factor has to be included
in the measurement of flexibility: the workload itself.
As it can be seen in Fig. 3, two factors are taken into consideration for the
measurement of process flexibility: (i) the OCR, and (ii) the workload, i.e, the
cases in progress. The OCR shows the open and closed cases of an observation
period, i.e., the changing workload over time. If the workload increases (resp.
decreases) over time, the OCR has to rise (fall) too in order to be able to speak
of a highly flexible process. In contrast, if the OCR remains on the same level
this is a sign of lacking flexibility, because the process is apparently not able to
adapt to changing conditions.
To receive a percentage value for the volume flexibility, the coverages both of
the workload and the OCR curve have to be compared. The higher the coverage,
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the more flexible the process is, as this indicates that the OCR is able to adapt
to the changing workload conditions. However, we remark that the OCR will
not rise immediately after an increase in the workload, because the cases take a
certain time to finish – at least the average lead time. It still has to be considered
that both the workload curve and the curve representing the OCR could exactly
coincide, even though the number of open and closed cases over time did not
increase recently, i.e., the backlog remained on the same level. Again we are
confronted with a case where an organisation faces steady workload, which does
not correspond to our definition of flexibility. Our understanding of flexibility is
that an organisation is able to adapt to changing conditions. But where there is
no change, there can be no reaction either. We thus integrate a warning signal
that indicates an increased (decreased) amount of cases in progress (or congruent
areas below the curves) but no significant rise (fall) of the backlog curve. The
user should then be enabled to switch to a more detailed view where both curves
are shown, as suggested in [14].
We report two examples showing different ways to measure the volume flexibility, both complying with the described rationale yet tackling the computation
from two different perspectives: the first one measures volume flexibility in terms
of the total duration per case, the second one adopts a more global perspective
and focuses on the number of cases that were opened and closed within the
observation period. Both examples refer to the example insurance claim process.
For what the first computation strategy is concerned, Table 5 shows the
open cases within the observation period of 940 minutes. It is assumed that
the usual number of open cases is ten. It can be then recognised that there are
five additional cases to handle with respect to the expectations. This implies
that the workload has increased and the measurement of the process’ flexibility
can be started. To consider the process flexible, each case has to finish within
the average lead time of the process. In the “Lead time” column the actual
lead time of the respective instance is reported. The average lead time, based
on our calculation for the framework, is given in column “Target lead time”.
In another step, target lead time and actual lead time of every instance are
compared, showing that in total the 15 instances took 225 minutes longer than
planned to finish. Expressed as a percentage, the process took 1.60% longer
than initially planned, thus reducing volume flexibility to 98.40%. The second
strategy to measure the volume flexibility metric refers to open and closed cases
in the observation period. In Table 6 the open cases in the observation period are
reported. Under the assumption that the normal number of open cases is ten, it
can be recognised that there are additional five cases to handle which signals a
higher workload. In order to be considered flexible, all 15 cases have to be closed
within the average lead time of the process. However, as can be gathered from
Table 6, only five cases were closed, meaning that 66.67% of the cases are still
open for processing and thus reducing volume flexibility to 33.33%.
The purpose of the variation in the calculation of volume flexibility for the
example process is to show how different viewpoints influence the outcome of
metrics measurement. It can be recognised that the results for volume flexibility
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Table 5: Measurement of the process flexibility
Open case
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Total

Lead time

Target lead time

Difference

690
685
750
560
630
950
940
960
1.000
960
1.200
1.500
1.300
1.000
1.200

940
940
940
940
940
940
940
940
940
940
940
940
940
940
940

-250
-255
-190
-380
-310
+10
0
+20
+60
+20
+260
+560
+360
+60
+260

14.325

14.100

+225

Table 6: Measurement of
the volume flexibility
Open
cases

Closed
cases

Ratio

15

5

33,33%

differ considerably when comparing the two versions. An organisation therefore
has to decide how volume flexibility is measured according to the duration of
the process or the number of processed cases, depending on the perspective that
is to be emphasised.
Technical Flexibility. When it comes to the measurement of technical flexibility, the number of incidents thrown within a process over a predefined observation period has to be observed. As already stated before, incidents are technical
errors which can occur during the execution of a process. To measure the technical flexibility we want to find out how long it takes to resolve one incident. In
this case, we are interested in the reaction time. The reaction time for resolving
an incident (or the sum of all the time intervals spent for each incident, in case
more than one occurred within a process instance) is then compared with the
lead time of the corresponding process instance. It is thus indicated how much
time of the process execution is dedicated to the handling of technical issues.
This way various ratios of the reaction time are received. In order to be able to
transfer the ratios to the quadrangle’s axis, we calculate a median for them. Before transferring the resulting value to the quadrangle, it is inverted. In practical
real-world scenarios, the reaction time for resolving an incident is sometimes not
accounted within the lead time. In such a case, the computed value would fall
below zero, which is detrimental to our representation, because it aims at normalizing every measurement in the 0-100% range. To circumvent this problem,
the incident reaction time can be added to the lead time in the computation.
We remark here that in our proposal the metrics for the technical flexibility
deal with incidents as well as in the case of the technical quality. Nevertheless, we
aim at representing with flexibility a perspective that mostly pertains the area of
management within the organisation, whereas quality is intended to be perceived
also outside the scope of the process owners [4], hence all the stakeholders. Owing
to this, we look at the reaction time to handle incidents as a flexibility indicator,
because it is an information mostly kept within the organisation. The time the
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Table 7: Measurement of the technical flexibility

Run
Run
Run
Run
Run
Run
Run
Run
Run
Run

Lead time

Incidents

Total reaction time

Reaction time ratio

690
685
750
560
630
935
760
380
925
915

0
5
0
1
1
0
2
0
0
1

60
10
30
10
40

8.76%
1.79%
4.76%
1.32%
4.37%

1
2
3
4
5
6
7
8
9
10

delegated team spent on handling incidents is indeed an internal information that
is usually not publicly shown. Ideally, the incident handling time is completely
transparent to clients and partners. In contrast, we interpret the number of
occurred incidents as an indicator that can be reverberated also outside the
organisation, because of the possible disruptions caused thereby.
Table 7 depicts the ten instances of the provided example process, with the
addition of the incidents thrown during the execution, and the time needed to
resolve the incident in minutes. Subsequently a ratio for the reaction time is
calculated, which in the end results in a median of 4.76%. After inverting the
ratio, the value for technical flexibility is equal to 95.63%.
Combining Volume and Technical Flexibility. So far we described two
different metrics for the measurement of flexibility, namely volume and technical
flexibility. In order to have a single metric accounting for both, our suggestion
is again to assign a weight to each of the two flexibility components. An organisation, for example, may deem as very crucial to resolve incidents as quickly
as possible. Therefore it would weigh the technical flexibility with 80% (out of
100%) and the remaining 20% would be assigned to volume flexibility. The values resulting from the measurement of each dimension would then be multiplied
by their respective weights and summed up in order to form a single value that
can be transferred to the flexibility axis of the devil’s quadrangle.
If such a calculation is conducted for the example process with a weight
of 50% each, the flexibility value would amount to 97,02%, in case the first
measurement strategy for the volume flexibility is adopted, or to 64,49%, in case
the second one was used.

4

Conclusion

Within this paper, suggestions for the measurement of metrics for the four dimensions of the devil’s quadrangle have been made, exclusively based on the
inspection of process data. All suggested calculations are made under the assumption that the data are extracted from a BPMS event log running the process. The log data used for metrics measurement has been chosen under the
condition that it can be extracted from almost any BPMS. For the calculation
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of a value for the time dimension, the activity execution time is considered as
reported in the log. The activity execution time is needed again in order to measure the cost metric. The additional piece of information needed in that case
are the personnel expenses. Due to the amplitude of interpretations that can
be given to the quality and flexibility dimensions in particular, we identified a
combination of metrics, each singularly considering different aspects thereof. For
the assessment of the outcome quality, a comparison between the positive and
the negative terminations of the process instances is compared. For the measurement of the technical quality, the number of incidents within a process instance is
considered. The quality dimension is ultimately assessed as a linear combination
of the aforementioned ones. Process flexibility is also assessed as a weighted sum
of two different components: the volume flexibility and the technical flexibility.
The former is measured on the basis of a comparison between open and closed
cases during the observation period. The latter is likewise based on the reaction
time to incidents.
It is in our plans to extend the suggested framework towards further refinements and possibilities to customise the measurements. For instance, not only
personnel costs but also total process costs should be considered for the cost
dimensions, for instance by means of the activity-based costing model. For what
the quality dimension is concerned, we would also consider alternative criteria
beyond the final outcome or the registered technical incidents, e.g., an enactment
quality based on the number of times exceptional paths were taken, compared
to the expected course of the process unfolding. Furthermore, we are investigating how to better include the concept of dynamics in the flexibility dimension.
The proposed metrics indeed average the ratio of values in the observation period (closed v. open cases, or incident reaction time v. lead time). However,
the flexibility is arguably concerned with the responsiveness to changes, hence
the suggestion for the analysis of trends. The exploitation of mathematical devices such as derivatives to be applied on the ratios demonstrate suitable and
are in fact currently under investigation. In this paper, we described a theoretical framework for the measurement of the suggested metrics. Future work
will be particularly concerned with its implementation supplemented by expert
interviews, so as to conduct a thorough evaluation of the proposed approach on
real-world use cases. From this perspective, the recent work of Nguyen et al. [14]
for the staged process performance mining shows promising integration opportunities to automate the information extraction and processing needed by our
framework. Moreover, it is in our plans to investigate the integration of existing
approaches in literature such as SERVQUAL [15] to refine the definition and
measurement of the quality dimension, and the SCOR metrics [18] to further
investigate the interplay of internal and company-wide processes. Finally, we
remark that due to the advanced globalisation, processes too will become more
interconnected [7]. Consequently, there is the need to take process performance
measurement to the next level and not only assess one single process but also to
recognise the interplay of processes organisation-wide, if not beyond company
boundaries.
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13. Müller, T.: Zukunftsthema Geschäftsprozessmanagement. Tech. rep., PricewaterhouseCoopers AG Wirtschaftsprüfungsgesellschaft (2011)
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