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Introduction 
 

Continuous business process improvement is an essential part of process management. Organizations that aim to make their processes more 

efficient, need to analyze processes to detect and address improvement opportunities on a rolling basis. The threat of neglecting process 

improvements is decrease of process performance. A business process improvement opportunity can be defined as a pattern in the process that 

has the potential to be improved. To address the improvement opportunity, process redesign is applied.  

The current document aims to provide a guideline to find different improvement opportunities in the form of templates. Templates are tailored 

mainly for people with basic to good knowledge of BPM and elementary to intermediate skills with Apromore. Step-by-step guidelines are 

compiled based on six data sources: 2011-2020 BPIC submission reports, Lashkevich and Milani [1], Sharma [2], Reijers and Mansar [3], Dumas 

[44] and Dumas [45]; redesign possibilities are based on Lashkevich and Milani [1]. All the instructions are written for identifying improvement 

opportunities using Apromore specifically, but the described approaches can be applied to other process mining tools.  

 

This work covers 21 improvement opportunities presented in the form of templates. Each template has the same structure: 

• Improvement opportunity (IO) – name of the improvement opportunity 

• Definition – short description of the improvement opportunity 

• Examples – short scenarios that demonstrate the improvement opportunity 

• Minimum data needed – list of minimum data in the event log (e.g., activities, end timestamps) that are required to identify 

improvement opportunity 

• Guideline on how to identify this IO – step-by-step instruction on how to identify improvement opportunity in the process. The section 

starts with expected output that describes the main findings after completing certain step(s). It is followed by the instruction itself, which 

consists of step description (what you should do), Apromore example (screenshot with example of the output after completing the step), 

and explanation (some hints of what you should look for in the step and the description of the result of the step). The last part is output 

which describes the overall result after completing all the steps. This section allows to find the improvement opportunity but not the 

reasons why this improvement opportunity occurred. 

• Redesign possibilities – generic ideas on how processes can be redesigned to address the improvement opportunity. 
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• References – list of references. This covers references to academic literature and/or references to BPIC submissions. Academic papers 

can cover case studies that address improvement opportunity, description of new method on how to define the improvement opportunity, 

description of the improvement opportunity. References to BPIC submissions provide articles where the particular improvement 

opportunity was identified with a short description of the process. References are not Apromore-specific, they depict improvement 

opportunity either for some other process mining tool (e.g., Celonis, ProM, Disco) or without linkage to particular process mining tool.  

 

How to use templates? 

• The data for analysis focused on opportunities for process improvement identification should be pre-processed as this phase is not 

covered in the templates 

• Based on the needs of your analysis, you can either check all the opportunities presented or only ones you are specifically interested in 

• Before identifying improvement opportunity in the event log (using “Guideline on how to define this IO” section), read the whole 

template to better understand the improvement opportunity 

• As most of the steps require listing some elements, it is recommended to have a pen and paper or document file for taking notes 

• Many of the templates will ask to most/less frequent activities, highest/lowest waiting times or similar. In such cases, please define the 

threshold based on the needs of your analysis  

 

Some tips about using Apromore [4]: 

• In order to open an event log in the process discoverer, double-click on the file in Apromore Portal. 

• In order to open the dashboard, select event log in the Apromore Portal, click Analyze and choose Launch dashboard: 
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• By default, the generated process map has 100% of nodes (activities) and 10% of arcs (direct relations between activities). You can adjust 

the percentage of visible arcs and nodes using corresponding sliders of Abstraction settings. When increasing nodes and arcs, Apromore 

gradually adds less frequent elements. If nodes are set to 0%, only the most frequent activities are displayed, when it is 100%, all the 

nodes are visible. If arcs are at 0%, only the main relations between activities are presented, when it is 100%, all the arcs are presented. 

 
• For generated BPMN models, it is possible to adjust the percentage of visible parallel gateways using Parallelism slider of Abstraction 

settings. If parallelism is set to 0%, no parallel gateways will be displayed, if it is 100, all the parallel gateways will be presented. 
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Activity-related improvement opportunities 

 

1. Improvement 

opportunity (IO) 

Small activities 

2. Definition An activity that has one or several functional procedures and short processing time 

3. Examples In the pharmacy process: 

- Activity “Notify a client that medicines are ready” is a small activity because it takes a short time to perform 

and a few functional procedures 

4. Minimum data 

needed 

Activities, start timestamps, end timestamps, resources 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-2 allow determining the list of small activities. Step 3 checks if these activities are 

performed by human resources. 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the 

Visualization 

settings, select 

Duration overlay 

and choose 

Average.  

In the View 

section, choose the 

Activities 

perspective 

 

 

Result of the step: generated process 

map based on average duration and 

activities perspective 
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2 From the process map, 

find activities that have 

the shortest processing 

time but not instant. 

List these activities  
 

The lighter the activity is the shorter 

is the processing time. On the 

example screenshot, small activity is 

circled in blue 

Do not include instant activities 

because most probably they are 

executed by system or other non-

human resource and are impossible to 

redesign  

 

Result of the step: list of small 

activities 

3 Open the Filter log screen. 

In Case –> Attribute filter, 

set Primary attribute as 

Event attribute, Activity; 

set Secondary attribute as 

Event attribute, Resource. 

Select an activity 

identified in Step 2. 

Check the resources that 

perform this activity. 

List this activity if it is 

performed only by human 

resources 

 

Repeat for all activities 

identified in Step 2 

 

 

This step identifies small activities 

performed by human resources, as 

activities executed by non-human 

resource and are impossible to 

redesign  

 

Result of the step: list of small 

activities performed by human 

resources 

Output: List of small activities performed by human resources 

6. Redesign 

possibilities 

- Combine several small tasks into one composed activity 
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7. References  

7.1. References to 

the academic 

literature 

[5] 
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1. Improvement 

opportunity (IO) 

Large activities 

2. Definition An activity that has many functional procedures and long processing time 

3. Examples In the insurance claims handling process: 

- Activity “Assess claim” is a large activity because it takes a long time to perform and has many functional 

procedures 

4. Minimum data 

needed 

Activities, start timestamps, end timestamps 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-2 allow determining the list of large activities 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the 

Visualization 

settings, select 

Duration overlay 

and choose 

Average. 

In the View 

section, choose the 

Activities 

perspective 

 

 

Result of the step: generated process 

map based on average duration and 

activities perspective 

2 From the process map, 

find activities that have 

the longest processing 

time and that can 

 

 

The darker the activity is the longer is 

the processing time. On the example 

screenshot, large activity is circled in 

blue 
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potentially be decomposed 

into smaller tasks. 

List these activities  

Result of the step: list of large 

activities 

Output: List of large activities 

6. Redesign 

possibilities 

- Decompose large activity into several small ones 

- Divide a general activity into several alternative tasks that are better aligned with the capabilities of resources 

and types of cases 

7. References  

7.1. References to 

the academic 

literature 

[5] 
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1. Improvement 

opportunity (IO) 

Activity variants 

2. Definition An activity that has abnormal variation in process time and/or waiting time based on the resource type or case attribute 

3. Examples In the child delivery process: 

- There is a dependency between which doctor performs epidural delivery and the costs. 

4. Minimum data 

needed 

Activities, start timestamps, end timestamps, resources, case attributes 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-3 allow determining if process contains activity variants, Step 4 provides overview of 

abnormal activity variants based on resources and/or case attributes 

# Step Apromore example Explanation 

1 Launch dashboard and 

navigate to Activities tab 

 

 

Result of the step: generated 

dashboard 

2 In the Activities statistics 

table (the last table on 

Activities tab), compare 

median and average 

duration of each activity. 

List activities that have a 

big difference between 

average and median 

durations 

 

By comparing average and median 

durations of activities, it is possible to 

identify outliers that may have 

irregular variation in performance 

 

Result of the step: list of activities 

that have outliers in terms of 

processing time 

3 1) Open event log in 

the process 

discoverer 

 Result of the step: list of activities 

with significant number of outliers 

(abnormal variation) in terms of 

processing and waiting time 
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2) Open the Filter log 

screen. 

In Event –> 

Attribute filter, 

select one activity 

from Step 2. 

Click OK. 

3) Add another filter: 

in Case –> 

Performance filter, 

select Average 

processing time 

and then Average 

waiting time as 

Performance 

measure. 

4) Analyze both 

obtained 

distributions, if 

there are 

significant number 

of outliers in either 

or both options, list 

this activity 

 

Repeat for all activities 

identified in Step 2 

 

 

 

4 1) Open event log in 

the process 

discoverer 

 On the example screenshot, process 

map for selected activity is based on 

resources perspective and average 

duration. Resources Steffi and Susi 
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2) Open the Filter log 

screen.  

In Event –> 

Attribute filter, 

select one activity 

from Step 3.  

Click OK. 

3) In the 

Visualization 

settings, select 

Frequency or 

Duration overlay. 

In the View 

section, choose the 

perspective (select 

those based on the 

process, case 

attributes available 

in event log, aim 

of the research, 

etc.). 

4) Find abnormal 

(extreme) cases in 

terms of resources 

and/or case 

attributes, and list 

them 

 

Repeat for all activities 

identified in Step 3 

 

 

are performing this activity longer 

than others 

 

Result of the step: list of abnormal 

activity variants based on resources 

and/or case attributes 
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Output: List of abnormal activity variants based on resources and/or case attributes 

6. Redesign 

possibilities 

- Permanently set resources to execute a certain set of activities based on the highest efficiency, the lowest costs, 

the shortest performance time, etc. 

7. References  

7.1. References to 

the academic 

literature 

[6] 
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1. Improvement 

opportunity (IO) 

Similar activities 

2. Definition Two or more activities that have similar procedures 

3. Examples In the car rental process: 

- There are several check activities that are executed on different parts of the process, each of these activities 

requires set-up time and work handover. Check activities follow similar procedures, but they have different 

subject of check (parts of the car, lessee, etc.), require different data to perform the check, and these checks are 

performed by different resources (clerk, mechanic) 

4. Minimum data 

needed 

Activities, end timestamps 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-2 allow determining the list of similar activities 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the 

Visualization 

settings, select 

Frequency overlay 

and choose Case. 

In the View 

section, choose the 

Activities 

perspective 

 

 

Result of the step: generated process 

map based on case frequency and 

activities perspective 
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2 From the process map, 

find activities that have 

similar procedures: look 

for activities with similar 

wording (e.g., check, 

verify). 

List sets of these activities  
 

On the example screenshot, similar 

activities circled in red. They share 

similar procedure for signing request, 

but performed by different resources 

(L1, L2, L3). 

 

Result of the step: list of sets of 

similar activities 

Output: List of sets of similar activities 

6. Redesign 

possibilities 

- Rearrange the process in a way that similar activities are placed close to each other, which will reduce setup 

time 

- Combine several similar tasks into one composed activity 

7. References  

7.1. References to 

the academic 

literature 

[7, 8] 
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Resource-related improvement opportunities 
 

1. Improvement 

opportunity (IO) 

High/low resource utilization 

2. Definition High/low percentage of non-occupied resources in a process over the total number of resources 

3. Examples In the payroll management process: 

- Too high workload of payroll specialists (documents compiling, SAP data registration, communication with 

clients), which they cannot handle 

4. Minimum data 

needed 

Activities, start timestamps, end timestamps, resources 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-4 allow determining underused and overused resources. There are two options provided 

that give the same output; the first is based on the process map analysis (Steps 1-4), the second is based on dashboard 

information analysis (Steps 1-2). 

# Step Apromore example Explanation 

 Option 1 

1 1) Open event log in 

the process 

discoverer 

2) In the View 

section of 

Visualization 

settings, choose 

Process map and 

Resources 

perspective. 

Select Frequency 

overlay and choose 

Total 

 

Result of the step: generated process 

map based on total frequency and 

resources perspective 
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2 From the process map, 

1) Find resources 

with low case 

frequency 

(underused). List 

these resources 

2) Find resources 

with high case 

frequency 

(overused). List 

these resources 

 

Underused resource has low total 

frequency of cases (on the example 

screenshot, they are circled in green). 

Overused resource has high total 

frequency of cases (on the example 

screenshot, circled in orange) 

 

Result of the step: list of underused 

and overused resources 

3 In the View section of 

Visualization settings, 

choose Process map and 

Resources perspective. 

Select Duration overlay 

and choose Average 

 

Result of the step: generated process 

map based on average duration and 

resources perspective 
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4 From the process map 

generated in Step 3, find 

resources with long 

waiting times on the 

incoming arcs (overused). 

List these resources if they 

were not listed in Step 2 

 

One more manifestation of overused 

resources is long waiting times on the 

incoming arcs (on the example 

screenshot, circled in orange; Tracy 

is an overused resource because it has 

long waiting time) 

The thicker the arrow, the longer is 

waiting time. 

 

Result of the step: complete list of 

overused resources 

 Option 2 (does not account for overused resources based on long waiting times on incoming arcs) 

1 Launch dashboard and 

navigate to Resources tab 

 

 
 

 

Result of the step: generated 

dashboard 
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2 In the Resource statistics 

table (the last table on 

Resources tab), ascending-

sort Frequency column to 

define the list of 

underused resources; then 

descending-sort 

Frequency column to 

define the list of overused 

resources 
 

Resources with high frequency are 

overused, resources with low 

frequency are underused 

 

Result of the step: list of underused 

and overused resources 

Output: List of underused and overused resources 

6. Redesign 

possibilities 

- Decrease/increase the number of resources 

- Increase the specialization of human resources so that a person will be responsible only for a certain activities 

or cases 

- Tasks automatization 

- Allow customers to execute some parts of the process by themselves 

7. References  

7.1. References to 

the academic 

literature 

[9, 10] 
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Activity- and resource-related improvement opportunities 
 

1. Improvement 

opportunity (IO) 

Controls performed by internal resources 

2. Definition An activity that has one or several functional procedures and short processing time 

3. Examples In the billing process: 

- Billing checks are performed by internal controllers. If moved towards customers, it would eliminate 

company’s errors. 

4. Minimum data 

needed 

Activities, end timestamps, resources 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-3 allow determining if process contains controls that are executed by internal resources 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the 

Visualization 

settings, select 

Frequency overlay 

and choose Case. 

In the View 

section, choose the 

Activities 

perspective 

 

 

Result of the step: generated process 

map based on case frequency and 

activities perspective 
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2 From the process map, 

find check activities. 

List these activities  

 

Look for activities that contain 

“check”, “verify”, or similar 

wordings.  

 

Result of the step: list of check 

activities 

3 1) Open the Filter log 

screen. 

2) Using Event –> 

Attribite filter, 

select a check 

activity obtained in 

Step 2.  

Click OK. 

3) In the 

Visualization 

settings, select 

Frequency overlay 

and choose Case. 

In the View 

section, choose the 

Resources 

perspective. 

4) Check if activity is 

performed by 

internal 

resource(s). 

5) List this activity if 

it is performed by 

 

 

Result of the step: list of controls 

that are executed by internal 

resources 
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internal 

resource(s). 

 

Repeat for all identified 

in Step 2 check activities.  

Output: List of controls that are executed by internal resources 

6. Redesign 

possibilities 

- Rearrange the process in a way that controls are performed by customers 

7. References  

7.1. References to 

the academic 

literature 

[3] 
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1. Improvement 

opportunity (IO) 

Independent sequential activities 

2. Definition Activities that are executed in a sequence while they are not dependent on each other in terms of inputs, outputs and, 

resources 

3. Examples In the car rental process: 

- Activities “Contract Preparation” and “Car Preparation” are executed in a sequence. These activities are 

independent in terms of input and output as well as resources (mechanic prepares a car, clerk prepares a 

contract) 

4. Minimum data 

needed 

Activities, end timestamps, resources 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-3 allow determining the list of independent sequential activities 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the 

Visualization 

settings, select 

BPMN model. 

Select Frequency 

overlay and choose 

Case. In the View 

section, choose the 

Activities 

perspective 

 

 

Result of the step: generated BPMN 

model based on case frequency and 

activities perspective 
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2 From the BPMN model, 

define two or more 

sequential activities 

(activities are performed 

in parallel if they are 

executed in the parallel 

gateway (+ sign); these 

activities are not 

sequential) that do not 

depend on each other from 

the perspective of inputs 

and outputs (based on 

activity names). 

List activities of each 

fragment 

 

If needed, increase the 

percentage of arcs and 

parallelism in the 

Abstraction settings (see 

the second screenshot) to 

have a more detailed 

overview. 

 
 

 

 

Analyze the process to define process 

fragments that are independent  

On the first example screenshot, 

activities Deliver Goods Services and 

Release Purchase Order are 

sequential and independent based on 

the activity names. 

On the second screenshot, activities 

Turning & Milling – Machine 4 and 

Turning & Milling – Machine 5 are 

NOT sequential because they are 

executed parallelly (parallel gateway) 

 

Result of the step: list of fragments 

with potential independent sequential 

activities 

3 1) Open the Filter log 

screen. 

2) In Case –> 

Attribute filter, set 

Primary attribute 

as Event attribute, 

Activity; set 

Secondary 

 

 

Sequential activities are independent 

when they are executed by different 

resources (in addition to condition of 

having independent inputs and 

outputs). If all the activities of the 

fragment are done by different 

resources, they are independent 
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attribute as Event 

attribute, 

Resource. 

3) Select the first 

activity of the 

fragment, list what 

resources are 

performing this 

activity; repeat for 

all activities of the 

fragment. 

4) List this fragment 

if all activities are 

executed by 

different resources 

 

Repeat for all process 

fragments listed in Step 

2.  

 

Result of the step: list of fragments 

with independent sequential activities 

Output: List of fragments with independent sequential activities 

 

6. Redesign 

possibilities 

- Rearrange the process in a way that independent sequential activities are executed in parallel 

7. References  

7.1. References to 

the academic 

literature 

[11] 
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1. Improvement 

opportunity (IO) 

Frequent handovers 

2. Definition Transferring the case from one resource to another (as part of the business process or for the purpose of check, 

control, verification, etc.) 

3. Examples In the incident and problem management process: 

- One support team is not able to solve the incident and reassigns it to another team or support line 

In the pharmacy procurement process: 

- An order is transferred from procurement to finance department to verify the supplier 

4. Minimum data 

needed 

Activities, resources, end timestamps 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-3 allow identifying frequent handovers and what activities correspond to them 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the View 

section of 

Visualization 

settings, choose 

Process map and 

Activities 

perspective. 

Select Frequency 

overlay and choose 

Case 

 

Result of the step: generated process 

map based on case frequency and 

activities perspective 

2 From the process map, 

find arcs between the 

activities with the highest 

frequencies (the thicker   

To identify frequent handovers, 

firstly define activities between 

which cases are transferred more 
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the arrow, the higher the 

frequency). List activities 

pairs, arcs between which 

have the highest case 

frequencies 

 frequently (on the example 

screenshot, circled in red) 

 

Result of the step: list of pairs of 

activities, arcs between which have 

the highest case frequencies 

3 To define resources 

performing pairs of 

activities listed in Step 2, 

and check if there are 

handovers between them: 

1) Open the Filter log 

screen. 

2) In Case –> 

Attribute filter, set 

Primary attribute 

as Event attribute, 

Activity; set 

Secondary 

attribute as Event 

attribute, Resource 

3) Select the first 

activity of the pair 

identified in Step 

2, list resources 

that perform it  

4) Select the second 

activity of the 

same pair 

identified in Step 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

Handovers are those parts of the 

process when a case circulates from 

one resource to another between 

activities. To identify handovers, 

check if activities are performed by 

different resources. 

In the example, pair of activities 

Repair –> Analyze Defect is 

examined: 

• Repair is performed by 

System 

• Analyze Defect is performed 

by six different testers 

It can be concluded that there is a 

handover between System and 

Testers, which occurs between Repair 

and Analyze Defect activities. 

 

 

Result of the step: list of frequent 

handovers and between which pairs 

of activities they occurred  
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2, list resources 

that perform it 

5) If activities from 

3) and 4) are 

performed by 

different resources, 

list this pair of 

activities and 

resources that are 

performing them  

6) Click Cancel 

 

Repeat for all the pairs 

of activities identified in 

Step 2 

 
 

 

 

 

 

Output: list of frequent handovers and between which pairs of activities they occurred 

6. Redesign 

possibilities 

- Minimize the number of resources involved in the process 

- Reorder the tasks in the process to minimize transfer handover 

- Reorder the process in a way to have one employee responsible for each type of case 

- Eliminate redundant tasks 

- Reduce middle management by providing employees the decision-making authority 

7. References 

7.1. References to 

BPIC submissions  

 

[12, 13, 14] 

7.2. References to 

the academic 

literature 

[15, 16] 
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1. Improvement 

opportunity (IO) 

Ping pong behavior 

2. Definition Transferring the case between two consecutive activities from one resource to another 

3. Examples In the incident and problem management process: 

- The first support team is not able to solve the incident and reassigns it the second another team, which also 

struggles to fix the issue and assigns it back to the first support team 

4. Minimum data 

needed 

Activities, resources, end timestamps 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-3 allow identifying ping pongs from activities perspective and defining list of resources 

that are performing each activity 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the View 

section of 

Visualization 

settings, choose 

Process map and 

Activities 

perspective. 

Select Frequency 

overlay and choose 

Case 

 

Result of the step: generated process 

map based on case frequency and 

activities perspective 
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2 From the process map, 
find pairs of consecutive 

activities between which 

cases are circulated back 

and forth. 

List these pairs of 

activities 

 

 

Ping pongs are those parts of the 

process when a case circulates from 

one resource to another back and 

forth, from one activity to another. 

This step identifies ping pongs from 

activities perspective (on the example 

screenshot, potential ping pong is 

circled in red) 

 

Result of the step: list of pairs of 

activities with potential ping pong 

behavior 

3 To define resources 

performing pairs of 

activities listed in Step 2, 

and check if there is a ping 

pong effect between them: 

1) Open the Filter log 

screen. 

2) In Case –> 

Attribute filter, set 

Primary attribute 

as Event attribute, 

Activity; set 

Secondary 

attribute as Event 

attribute, Resource 

3) Select the first 

activity of the pair 

identified in Step 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

Mandatory condition for ping pong 

behavior is transferring case between 

different resources. This step checks 

if this condition holds by 

identification of the list of resources 

that performed each activity from 

Step 2.  

In the example, pair of activities Test 

Repair –> Inform User is examined: 

• Test Repair is performed by 

six different testers 

• Inform User is performed by 

System 

It can be concluded that there is a 

ping pong between System and 

Testers, which occurs between Test 

Repair and Inform User activities. 
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2, list resources 

that perform it  

4) Select the second 

activity of the 

same pair 

identified in Step 

2, list resources 

that perform it 

5) If activities from 

3) and 4) are 

performed by 

different resources, 

list this pair of 

activities and 

resources that are 

performing them  

6) Click Cancel 

 

Repeat for all the pairs 

of activities identified in 

Step 2 

 

 

 
 

 

 

 

 

Result of the step: list of resources 

with ping pong behavior and between 

which pairs of activities it occurred 

Output: list of pairs of resources with ping pong behavior and list of activities these resources are performing 

6. Redesign 

possibilities 

- Minimize the number of resources involved in the process 

- Reorder the process in a way to have one employee responsible for each type of case 

- Eliminate redundant tasks 

- Reduce middle management by providing employees the decision-making authority 

7. References 

7.1. References to 

BPIC submissions  

 

[12, 13, 14] 
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7.2. References to 

the academic 

literature 

[15, 16] 
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Control flow-related improvement opportunities 
 

1. Improvement 

opportunity (IO) 

Rework 

2. Definition An activity or a fragment of the process that is repeated within one case 

3. Examples In the order handling process: 

- Renegotiating purchase orders that were initially unfeasible but the fact that requirements cannot be met is 

detected only in the phase of reviewing by purchasing department 

4. Minimum data 

needed 

Activities, end timestamps 

5. Guideline on how 

to identify this IO 

Expected output: Reworks based on activities and fragments are found using Steps 1-3. 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the View 

section of 

Visualization 

settings, choose 

Process map and 

Activities 

perspective.  

Select Frequency 

overlay and choose 

Max 

 

Rework is identified based on the 

max frequency the activity was 

repeated  

 

Result of the step: generated process 

map based on maximum frequency 

and activities perspective 

2 From the process map, 

find activities with 

frequency of execution 

higher than 1. 

  

Result of the step: list of reworks 

based on activities 
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If needed, increase the 

percentage of arcs in the 

Abstraction settings (see 

the second screenshot) to 

have a more detailed 

overview. 
 

3 

 

From the process map, for 

the activities with 

frequency >1 identified in 

Step 2, 

1) Find activities with 

self-loop arcs. List 

these activities as 

self-loop reworks. 

 

 

Self loop occurs when one activity is 

repeated several times (see the first 

example circled in blue). 

 

2) Find activities with 

short loops. List 

these activity pairs 

as short-loop 

reworks.   

Short loop (ping pong) occurs when 

two activities are repeated several 

times (see the first example circled in 

red). 

3) Find fragments 

with indirect 

repetition loops 

that have arcs 

frequency more 

than 1. List 

activities of these 

fragments as 

fragment reworks. 

 

 
 

Indirect repetition loop occurs when 

several activities are repeated in a 

sequence (see the second example 

circled in orange) 

 

Result of the step: list of self-loop, 

short-loop and fragment reworks 
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If needed, increase the 

percentage of arcs in the 

Abstraction settings (see 

the last screenshot) to 

have a more detailed 

overview. 
 

Output: list of reworks based on activities and fragments  

6. Redesign 

possibilities 

- Add control tasks to check if the case is executed correctly and with required quality 

7. References 

7.1. References to 

BPIC submissions  

 

[17, 18, 19] 

7.2. References to 

the academic 

literature 

[20] 
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1. Improvement 

opportunity (IO) 

Knock-out 

2. Definition An activity that checks if the case should move forward with the process or if it should be rejected 

3. Examples In the loan application process: 

- After the client submits a loan application, the clerk performs three checks in chaotic order: identity check, 

verification, and creditworthiness check. If any of these checks fail, the application is rejected. As there is no 

defined order in which checks should be done, the overprocessing issue arises due to wrongly placed knock-

outs 

4. Minimum data 

needed 

Activities, end timestamps 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-2 allow determining the list of knock-outs. There are two options provided on how to find 

knock-outs, both give the same output; the first option is based on process map analysis, the second is based on 

BPMN model analysis  

# Step Apromore example Explanation 

 Option 1 

1 1) Open event log in 

the process 

discoverer 

2) In the 

Visualization 

settings, select 

Frequency overlay 

and choose Case. 

In the View 

section, choose the 

Activities 

perspective 

 

 

Result of the step: generated process 

map based on case frequency and 

activities perspective 
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2 From the process map,  

1) Find activities with 

outgoing dashed 

arc to the end 

event that is the 

final activity of the 

process. List these 

activities 

2) Find activities with 

outgoing arc to 

activity that is not 

the final activity of 

the process that 

leads to skipping 

one or several 

activities. List 

these activities 

 

If needed, increase 

percentage of arcs to have 

a more detailed process 

map 

 
 

 

 

There are two types of knock-outs: 

1) Knock-outs that lead to the 

end of the process (on the 

example screenshot, they are 

circled in red) 

2) Knock-outs that lead to the 

later steps of the process, so 

that a part of the process is 

skipped (on the example 

screenshot, it is circled in 

orange; in 992 cases after A 

Validating, W Call incomplete 

files executes by skipping O 

Returned and A Incomplete 

activities) 
 

Result of the step: list of knock-outs 

 Option 2 
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1 1) Open event log in 

the process 

discoverer 

2) In the 

Visualization 

settings, select 

BPMN model. 

Select Frequency 

overlay and choose 

Case. In the View 

section, choose the 

Activities 

perspective 

 

 

Result of the step: generated BPMN 

model based on case frequency and 

activities perspective 

2 From the process map,  

1) Find activities 

which are followed 

by two consecutive 

XOR splits and the 

end event. List 

these activities 

2) Find activities 

which are followed 

by two consecutive 

XOR splits but do 

not lead to the 

process end event. 

List these activities 

 

If needed, increase 

percentage of arcs to have 

 
 

 
 

 

 

 

There are two types of knock-outs: 

1) Knock-outs that lead to the 

end of the process (on the 

example screenshot, circled in 

red) 

2) Knock-outs that lead to the 

later steps of the process, so 

that a part of the process is 

skipped (on the example 

screenshot, it is circled in 

orange) 

 

Result of the step: list of knock-outs 
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a more detailed process 

map 

 
Output: List of knock-outs 

6. Redesign 

possibilities 

- Rearrange knock-outs in a way that, in the first place, will be knock-outs with the lowest effort needed and the 

highest termination probability 

- Rearrange the process in a way that knock-out checks will be early in the process 

- Reduce middle management by providing employees the decision-making authority 

7. References  

7.1. References to 

the academic 

literature 

[21] 
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1. Improvement 

opportunity (IO) 

Workaround 

2. Definition Temporary process deviation from the standardized business process 

3. Examples In the course registration university process: 

- The system does not support changing study programs after the semester starts. As a workaround, students 

who want to switch the program should turn to a secretary who will manually move course credits from one 

program to another one by one. This is time-consuming and leads to errors. 

4. Minimum data 

needed 

Activities, end timestamps, resources 

5. Guideline on how 

to identify this IO 

Expected output: Step 2 allows identifying bypass of process parts workarounds, Step 3 – dummy instances 

workarounds, Step 4 – incompliance to the position workarounds 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the View 

section of 

Visualization 

settings, choose 

Process map and 

Activities 

perspective. 

Select Frequency 

overlay and choose 

Case. 

 

Result of the step: generated process 

map based on case frequency and 

activities perspective 
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2 From the process map, 

find process fragments 

where one or several 

activities are skipped. 

List fragments with the 

highest case frequency on 

arcs that skip activities 

 

If needed, increase the 

percentage of arcs in the 

Abstraction settings (see 

the screenshot) to have a 

more detailed overview. 

 
 

 

According to Outmazgin, & Soffer 

(2016) one of the typical types of 

workarounds is Bypass of process 

parts: one or several activities are 

bypassed by a process instance. 

 

On the example screenshot, in 234 

cases after executing Create 

Purchase Requisition, Create 

Request for Quotation Requester is 

performed by skipping several other 

activities 

 

Result of the step: list of 

workarounds with cases that bypass 

process parts 

3 Open the Filter log screen. 

In Case –> Case ID filter, 

check names of Case IDs. 

List Case IDs that are not 

following naming 

convention (e.g., 99999, 

0000, test) 

 

Another type of workarounds based 

on classification of Outmazgin, & 

Soffer (2016) is Dummy instances: 

creating fictitious instances for 

testing or monitoring purposes (e.g., 

9999) 

 

Result of the step: list of dummy 

instances workarounds 

4 If it is known what 

resources are responsible 

for what activities or it is 

understandable from 

resource names: 

Open the Filter log screen. 

 

Incompliance to the position is one 

more type of workarounds, it 

manifests when resources perform 

activities that are not under their 

responsibility (Outmazgin, & Soffer, 

2016) 
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In Case –> Attribute filter, 

set Primary attribute as 

Event attribute, Activity; 

set Secondary attribute as 

Event attribute, Resource. 

Select activities one by 

one and check the list of 

resources that perform its 

activities. 

List activities that are 

performed by resources 

that are not responsible for 

it 

 

Result of the step: list activities that 

are performed by incorrect resources 

Output: Lists of workarounds of different types 

6. Redesign 

possibilities 

- Add missing system functionalities 

7. References 

7.1. References to 

BPIC submissions  

 

[22, 23, 24] 

7.2. References to 

the academic 

literature 

[25, 26] 
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Waiting time-related improvement opportunities 
 

1. Improvement 

opportunity (IO) 

Highest waiting time in the business process 

2. Definition The longest average time that cases spend in an idle mode (waiting for further processing) between two activities 

3. Examples In the loan application process: 

- Time between submitting a loan request and acceptance of this request (client waits until bank employee 

considers the request) 

- Time between sending an offer and checking the documents provided (bank waits for client to provide 

documents) 

- Time between loan request approval and receiving an offer (client waits for bank employee to send an offer) 

In the healthcare process: 

- Time between a nurse makes an inquiry about the health of the patient and the patient is assigned to the doctor 

4. Minimum data 

needed 

Activities, start timestamps, end timestamps 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-5 allow identifying the highest waiting times between activities in the process based on 

average and median waiting times and defining which of them is more robust. If a more detailed look is needed, Step 6 

gives the distribution of waiting time for each case. 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the View 

section of 

Visualization 

settings, choose 

Process map and 

Activities 

perspective.  

 

One of the ways to find the highest 

waiting time between the activities is 

by calculating the average duration 

between activities 

 

Result of the step: generated process 

map based on average duration 
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Select Duration 

overlay and choose 

Average. 

2 Analyze process map to 

find extremely high 

waiting times based on 

average duration.  

Find the thickest arrows 

between the activities.  

List the pairs of activities 

between which the 

thickest arrows are 

identified. 

 

The thicker the arrow between 

activities, the higher is waiting time. 

Identify the extreme cases (on the 

example screenshot, they are circled 

in blue) 

 

Result of the step: one or several 

highest waiting times based on 

average duration 

3 In the Visualization 

settings, switch duration to 

Median, keep the rest of 

the settings the same as in 

Step 1. 

 

It is also possible to find the highest 

waiting time between the activities by 

calculating the median duration 

between activities 

 

Result of the step: generated process 

map based on median duration 

4 Analyze process map 

generated in Step 3 to find 

extremely high waiting 

times based on median 

duration.  

Find the thickest arrows 

between the activities. 

List the pairs of activities 

between which the 
 

The thicker the arrow between 

activities, the higher is waiting time. 

Identify the extreme cases (on the 

example screenshot, they are circled 

in blue) 

 

Result of the step: one or several 

highest waiting times based on 

median duration 
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thickest arrows are 

identified. 

5 Compare the results of 

Step 2 and Step 4.  

List all pairs of activities 

between which the highest 

waiting times from Step 2 

and Step 4 identified. If 

duplication occurs, choose 

average or median value 

based on the rule 

following rule: 

• if the average 

waiting time is 

more than 1.5-2 

times higher than 

the median waiting 

time, select median 

one 

• if average waiting 

time is less than 

1.5-2 times higher 

than the median 

waiting time, 

select average one 

 If the average waiting time is 

considerably higher than the median, 

it signs that the data has outliers 

which significantly influence the 

mean values. In this case median is a 

more robust parameter to define the 

longest waiting times 

 

Result of the step: final list of the 

highest waiting times 

6 (Optional step) 

Open the Filter log screen. 

Using Attribite filter, 

select a pair of activities 

from the list obtained in 

Step 5. Then, using 

 

When waiting time is identified, to 

drill-down and analyze the case 

distribution based on waiting time, 

firstly, limit the log to investigated 

activities, then check the distribution 

of cases based on waiting time. In the 
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Performance filter, retain 

cases with Average or 

Median waiting time 

(based on the Step 5 

result; if in Step 5 waiting 

time was taken based on 

average value, choose 

Average waiting time, if 

based on median value – 

choose Median waiting 

time).  

Identify the distribution of 

waiting time duration per 

number of cases; the more 

cases have a high 

duration, the more severe 

is the need for process 

improvement. 

 

Repeat for all pairs of 

identified activities with 

high waiting time 

between them.  

 

presented example, most of cases 

have waiting time from instant to 1.5 

days 

 

Result of the step: distribution of 

cases in terms of average/median 

waiting time for the identified cases 

in Step 5 

 

Output: Identified the highest waiting times between activities 

6. Redesign 

possibilities 

- Change arrival rate pattern, e.g., by incentivizing customers to come in hours with light-load instead of peak 

hours 

- Change batching schedule by making batching more frequent 

- Change task composition by combining several small tasks into one 

- Start using a technological solution to reduce waiting time, e.g., workflow management system 

- Empower employees to make decisions and reduce middle management 

- Implement follow-ups and assistance to external customers 
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7. References 

7.1. References to 

BPIC submissions  

 

[27, 28, 29] 

7.2. References to 

the academic 

literature 

[30, 31] 
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1. Improvement 

opportunity (IO) 

Cases with the highest waiting times 

2. Definition Cases that have the highest total time in an idle mode (waiting for further processing)  

3. Examples In the loan application process: 

- Time between submitting a loan request and acceptance of this request (client waits until bank employee 

considers the request) 

- Time between sending an offer and checking the documents provided (bank waits for client to provide 

documents) 

- Time between loan request approval and receiving an offer (client waits for bank employee to send an offer) 

In the healthcare process: 

- Time between a nurse makes an inquiry about the health of the patient and the patient is assigned to the doctor 

4. Minimum data 

needed 

Activities, start timestamps, end timestamps 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-4 allow identifying case IDs with the highest overall waiting time. If a more detailed look 

is needed, Step 5 gives the highest waiting time between activities for each case ID separately. 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the View 

section of 

Visualization 

settings, choose 

Process map and 

Activities 

perspective.  

Select Duration 

overlay and choose 

Average. 

 

Result of the step: generated process 

map based on average duration and 

activities perspective 
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2 Open the Filter log screen. 

Choose Case –> 

Performance filter. 

Select “Total waiting 

time” in Performance 

measure and “Retain” in 

Cases 

 

Result of the step: visual distribution 

of cases based on total waiting time 

3 Explore the distribution 

from Step 2 and slice it to 

the cases with the highest 

total waiting time. 

Click OK 

  

Result of the step: generated process 

map based on cases with the highest 

waiting time 

4 Open Case Inspector by 

clicking on in Log 

statistics section 

List case IDs with the 

highest waiting time 

(those that were selected 

in Step 3) 

 

Result of the step: list of case IDs 

highest waiting times 

5 (Optional step) 

To define the highest 

waiting times between 

activities for each of the 

cases: 

1) Click on the case 

ID in Case 

 

 

 

The thicker the arrow between 

activities, the higher is waiting time. 

 

Result of the step: list of the highest 

waiting times between activities for 

each of the cases from Step 4 
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Inspector from 

Step 4 

2) Explore the 

generated process 

map and list the 

highest waiting 

time between 

activities for the 

chosen case 

 

Repeat for all of case IDs 

with the highest waiting 

time 

 

6 (Optional step) 

To identify differences 

between the process with 

cases with the highest 

waiting times and process 

with small waiting times: 

1) Clear all filter 

criteria 

2) Open the Filter log 

screen 

3) Choose Case –> 

Performance filter. 

Select “Total 

waiting time” in 

Performance 

measure and 

“Retain” in Cases 

 

 

 

 

 

 

 

 

 

Result of the step: list of the notable 

differences between process map 

with cases with the highest total 

waiting time and process map with 

cases with low and moderate total 

waiting time 
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4) Explore the 

distribution from 

slice it to the cases 

with low and 

moderate total 

waiting time. Click 

OK 

5) Compare side-by-

side generated 

process map with 

the one generated 

in Step 3 

6) List all the notable 

differences (e.g., 

self-loops, short 

loops, indirect 

repetition loops 

with high waiting 

times; additional 

activities that 

trigger waiting) 

 

Output: Identified cases the highest overall waiting time and the highest waiting time between activities for each case 

6. Redesign 

possibilities 

- Change arrival rate pattern, e.g., by incentivizing customers to come in hours with light-load instead of peak 

hours 

- Change batching schedule by making batching more frequent 

- Change task composition by combining several small tasks into one 

- Start using a technological solution to reduce waiting time, e.g., workflow management system 

- Empower employees to make decisions and reduce middle management 

- Implement follow-ups and assistance to external customers 
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7. References 

7.1. References to 

BPIC submissions  

 

[27, 28, 29] 

7.2. References to 

the academic 

literature 

[30, 31] 
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1. Improvement 

opportunity (IO) 

Bottleneck 

2. Definition A situation when the number of cases arriving exceeds the number of cases that can be handled which leads to queues 

or case build-ups 

3. Examples In the healthcare process: 

- In the hospital, patients need to wait to make the computed tomography scan due to lack of personnel which 

causes queues 

- In the pharmacy, customers need to wait in the queue to get served because pharmacists are busy with serving 

other customers 

4. Minimum data 

needed 

Activities, resources, start timestamps, end timestamps 

5. Guideline on how 

to identify this IO 

Expected output: Activity bottlenecks are found using Steps 1-2, resource bottlenecks are found using Steps 3-4. 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the 

Visualization 

settings, select 

Duration overlay 

and choose 

Average. In the 

View section, 

choose the 

Activities 

perspective 

 

The bottleneck is identified based on 

the long time needed to process the 

case or the long waiting time between 

activities  

 

Result of the step: generated process 

map based on average duration and 

activities perspective 
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2 From the process map,  

1) Find activity 

bottlenecks: 

activities with the 

longest processing 

time. List these 

activities. 

2) Find waiting time 

bottlenecks: arcs 

with the longest 

duration. List 

activity pairs. 

 

To find activity bottleneck, define 

activities with the longest duration. 

To find waiting time bottlenecks, 

find the longest waiting times (the 

thicker the arrow between activities, 

the higher is waiting time).  

On the example screenshot, they are 

circled in blue. 

3) Find resource-

capacity 

bottlenecks: 

activities with the 

highest number of 

incoming arcs with 

long arc duration. 

List these 

activities. 

 
 

To find resource-capacity 

bottlenecks, define activities all/most 

incoming arcs of which have long 

waiting time. 

On the example screenshot, it is  

circled in blue. 

 

Result of the step: list of activity 

bottlenecks, waiting time bottlenecks, 

and resource-capacity bottlenecks 
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3 In the Visualization 

settings, select Duration 

overlay and choose 

Average. In the View 

section, choose the 

Resources perspective 

 

Result of the step: generated process 

map based on average duration and 

resources perspective 

4 From the process map, 

1) Find resource 

bottlenecks: 

resources with the 

highest processing 

time from the 

resource 

perspective. List 

these resources 

 

To find resource bottleneck, define 

resources with the longest duration. 

On the example screenshot, it is 

circled in blue. 

 

 2) Find waiting time 

bottlenecks from 

the resource 

perspective: arcs 

with the longest 

duration. List these 

pairs of resources 

 

To find waiting time bottlenecks 

from the resource perspective, find 

the longest waiting times (the thicker 

the arrow between resources, the 

higher is waiting time).  

On the example screenshot, it is 

circled in blue. 

 

Result of the step: list of resource 

bottlenecks, and waiting time 

bottlenecks from the resource 

perspective 

Output: List of bottlenecks based on activities and resources 



Templates for visual process analysis using process mining tools 

 
     

58 

      Go to Table of contents 

6. Redesign 

possibilities 

- Implement a technological solution to minimize constraints in the process 

- Organize separate process paths for different types of orders 

- Add more resources to the business process, if bottlenecks are caused by a lack of resources 

- Implement a scheduling system for clients to evenly distribute the workload, if bottlenecks are caused by 

queues during peak hours 

- Implement a resource scheduling system that will allow having more resources during peak hours and fewer 

resources during periods with low demand 

- Introduce a buffer queue 

- Use incentives to shift customers from high-demand hours to low-demand hours 

- Allow customers to execute some parts of the process by themselves 

7. References 

7.1. References to 

BPIC submissions  

 

[32, 33, 34] 

7.2. References to 

the academic 

literature 

[35, 36] 
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1. Improvement 

opportunity (IO) 

Manual time-consuming fragment 

2. Definition Business process fragment that is partially or fully executed manually 

3. Examples In the cash application process: 

- User should consecutively make logins to several programs before start working on the cases   

4. Minimum data 

needed 

Activities, start timestamps, end timestamps, resources 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-2 allow determining the list of fragments with the highest average processing time. Step 3 

allows compiling the list of all manual fragments with activities that have the highest processing time 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the View 

section of 

Visualization 

settings, choose 

Process map and 

Activities 

perspective. 

Select Duration 

overlay and choose 

Average 

 

Result of the step: generated process 

map based on average duration and 

activities perspective 

2 From the process map, fist 

sequencies of activities 

that have high average 

processing time.  

List these fragments of 

activities  

  

Result of the step: list of fragments 

with the highest average processing 

time 
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3 1) Open the Filter log 

screen. 

2) In Case –> 

Attribute filter, set 

Primary attribute 

as Event attribute, 

Activity; set 

Secondary 

attribute as Event 

attribute, 

Resource. 

3) Select an activity 

from the fragment 

identified in Step 

2.  

4) Check the 

resources that 

perform this 

activity (is this 

activity performed 

by human or non-

human resources 

(e.g., System)). 

5) Repeat for all 

activities of the 

fragment. 

6) List this fragment 

if all or most of its 

activities are 

 

 
 

Result of the step: list of manual 

fragments with the highest average 

processing time 
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performed by 

human resources. 

 

Repeat for all fragments 

identified in Step 2 

Output: List of severe manual fragments in terms of the highest processing time 

6. Redesign 

possibilities 

- Process fragment automatization 

7. References  

7.1. References to 

the academic 

literature 

[37, 38] 
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Process-related improvement opportunities 
 

1. Improvement 

opportunity (IO) 

Manual process 

2. Definition Process most activities of which are executed manually 

3. Examples In the contract handling process: 

- Process is executed mostly manually, activities include opening a contract, assignment, research 

4. Minimum data 

needed 

Activities, end timestamps, resources 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-2 allow determining if it is a manual process. 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) Open the Filter log 

screen. 

3) In Case –> 

Attribute filter, set 

Primary attribute 

as Event attribute, 

Resource. 

 

 

 

Result of the step: generated list of 

resources in the filter editor  

2 Analyze list of resources 

obtained in Step 1: 

1) If all of the 

resources are 

human (e.g., 

names and 

surnames but NOT 

System), conclude 

 

 

 

 

 

 

 

 

If process is performed only by 

human resources, it is a manual 

process.  

If there is one or several non-human 

resources, it is needed to determine 

for what percentage of activities they 

are accountable to decide whether it 

is a manual process (on the last 
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that this is a 

manual process 

2) If there is one or 

several non-human 

resources (e.g., 

System), set 

Secondary 

attribute as Event 

attribute, Activity. 

Select the first 

non-human 

resource. 

List activities 

performed by this 

resource. 

If there are more 

non-human 

resources, repeat 

for them listing 

activities that they 

are performing. 

 

Set Primary 

attribute as Event 

attribute, Activity. 

Disable Secondary 

attribute. 

Select all the listed 

above activities 

performed by non-

human resources. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

example screenshot, 50% activities 

are performed by non-human 

resources therefore it can be 

concluded that it is NOT a manual 

process). 

 

Result of the step: decision if this 

process is manual 
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Check the number 

of activities 

performed by non-

human resources 

out of all activities. 

If the percentage 

of activities 

performed by non-

human resources is 

small, this is a 

manual process.  

 

Output: Decision if the process can be claimed as manual 

6. Redesign 

possibilities 

- Process automatization 

- Introduce technological solution that will diminish the need in manual task execution 

7. References  

7.1. References to 

the academic 

literature 

[38] 

 

  



Templates for visual process analysis using process mining tools 

 
     

65 

      Go to Table of contents 

 

1. Improvement 

opportunity (IO) 

High process complexity 

2. Definition Process with high number of loops and/or branches (decision points) 

3. Examples In the university matriculation renewal process: 

- Sophisticated control flow that increases cycle times and number of errors 

4. Minimum data 

needed 

Activities, end timestamps 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-2 allow determining how much complex the process is. 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the View 

section of 

Visualization 

settings, choose 

BPMN model and 

Activities 

perspective.  

Select Frequency 

overlay and choose 

Case 

 

To better visualize decision points, 

BPMN model is used 

 

Result of the step: generated BPMN 

model based on case frequency 
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2 1) Analyze process 

map to determine 

if it has extreme 

number of loops, 

and/or branches, 

and/or decision 

points (diamond 

shape symbol).  

2) If there are many 

loops, and/or 

branches, and/or 

decision points, the 

process is 

complex. 

 

If needed, increase the 

percentage of arcs in the 

Abstraction settings (see 

the screenshot) to have a 

more detailed overview. 

 
 

 

 

 

 

 

 

Result of the step: decision on the 

complexity of the process 

Output: Identified high or low process complexity 

6. Redesign 

possibilities 

- Decompose the process by dividing it by several straightforward sub-processes 

7. References  

7.1. References to 

the academic 

literature 

[39, 40] 
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1. Improvement 

opportunity (IO) 

Similar process variants 

2. Definition Two or more process variants that are similar in terms of case execution for different types of case attributes or by 

different resources 

3. Examples In the management consulting process: 

- Analysts with the same set of responsibilities analyses client’s case by searching information on the Internet as 

the first step of the process. They are using different search engines and different keywords that leads to 

different analysis conclusions and providing different set of services later on to the client. 

4. Minimum data 

needed 

Activities, end timestamps, case attributes 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-3 allow determining if process contains two or more process variants 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the 

Visualization 

settings, select 

Frequency overlay 

and choose 

Relative case. In 

the View section, 

choose the 

Activities 

perspective 

 

 

Result of the step: generated process 

map based on relative case frequency 

and activities perspective 
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2 1) Open the Filter log 

screen. 

2) Using Case –> 

Attribute filter, 

select specific 

event attribute 

based on which 

you would like to 

examine variants. 

3) Select criteria for 

the first filtered 

process map (e.g. 

to compare how 

process differs for 

patients 20-30 y.o. 

and 60-70, firstly 

select 20-30 

values).  

4) Click OK. 

5) Save generated 

process map. 

6) Clear all filter 

criteria. 

7) Open the Filter log 

screen. 

8) Using Case –> 

Attribute filter, 

select the same 

event attribute 

based on which 

 

 

 
 
 
 
 
 
 
 
 

Result of the step: several process 

maps generated based on criteria 
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you would like to 

examine variants. 

9) Select second 

criteria.  

Click OK. 

10) Save generated 

process map. 

If needed, generate more 

process maps based on 

criteria.  

 

Depending on the 

process, you might need 

to switch to different 

perspective or choose 

Duration overlay. 

 

3 Compare generated in 

Step 2 process maps to 

define if some activities or 

sequences of activities 

have abnormal 

performance based on 

selected criteria. 

List these activities 

 

 

Result of the step: list of activities 

and/or process fragments with 

abnormal variation that leads to 

formation of similar process variants 

Output: List of activities and/or process fragments with abnormal variation 

6. Redesign 

possibilities 

- Standardize similar processes to eliminate possibility of formation of similar process variants 

- Generalize the process by centralizing similar process variants 

7. References  
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7.1. References to 

the academic 

literature 

[41] 
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Process wastes-related improvement opportunities 
 

1. Improvement 

opportunity (IO) 

Overprocessing 

2. Definition Part of the business process, the output of which provides value neither to the client nor the business 

3. Examples In the loan application process: 

- Loan offer documents are prepared, but the client cancels the offer 

- Several loan offer documents are prepared, but in the end, only one of them proceeds further 

In the university matriculation process: 

- Matriculation documents that are prepared are not needed because a student did not pay for their studies 

4. Minimum data 

needed 

Activities, end timestamps 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-4 allows identifying overprocessing. Step 5 gives an understanding of how severe identified 

cases are in terms of their frequency. 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the 

Visualization 

settings, select 

Frequency overlay 

and choose Case. 

In the View 

section, choose the 

Activities 

perspective 

 

 
 

Result of the step: generated process 

map 



Templates for visual process analysis using process mining tools 

 
     

72 

      Go to Table of contents 

2 From the process map, 

1) Find decision 

activities (check, 

verification, etc.) 

2) Select only those 

decision activities 

that have knock-

out effect (that 

have dashed arcs 

to the endpoint) 

and that occur 

when the final 

output of the 

process is not 

ready (at the stage 

when output do not 

provide value 

neither to the client 

or the business). 

List these activities 

 

 

Focus on the decision activities that 

may result in skipping of other 

activities, this is one of the ways 

overprocessing manifests itself (on 

the example screenshot, these 

activities are circled in red; the 

process is ended on the analysis 

stage, when there is no output 

produced that will bring a value) 

 

Result of the step: list of activities 

that potentially indicate 

overprocessing 

3 In the Visualization 

settings, switch to BPMN 

model 

 

Result of the step: generated BPMN 

model 
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4 Examine the BPMN 

model to list parallel 

checks 

 

Parallel checks are one of the ways 

overprocessing manifests itself 

 

Result of the step: list of additional 

activities that potentially indicate 

overprocessing 

5 Compare frequencies of 

identified overprocessing 

activities in Steps 2 and 4 

to select activities with the 

highest case frequencies  

 The more frequent is overprocessing 

activity, the more severe is 

overprocessing  

 

Result of the step: final list of 

activities that contain overprocessing 

Output: list of activities that contain overprocessing 

6. Redesign 

possibilities 

- Relocate controls to earlier stages of the process to minimize or eliminate the production of the not needed 

output 

7. References 

7.1. References to 

BPIC submissions  

 

[28, 29, 42] 

7.2. References to 

the academic 

literature 

[43] 
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1. Improvement 

opportunity (IO) 

Overproduction 

2. Definition Executed business process instance, the output of which is not later used (output is higher than demand) 

3. Examples In the automobile manufacturing process: 

- Due to inaccurate sales forecast, a large number of produced cars become an inventory, which led to high 

logistics costs 

4. Minimum data 

needed 

Activities, end timestamps 

5. Guideline on how 

to identify this IO 

Expected output: Steps 1-2 allows identifying overproduction. 

# Step Apromore example Explanation 

1 1) Open event log in 

the process 

discoverer 

2) In the 

Visualization 

settings, select 

Frequency overlay 

and choose Case. 

In the View 

section, choose the 

Activities 

perspective 

 

 

Result of the step: generated process 

map based on case frequency and 

activities perspective 
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2 From the process map, 

1) Find activities that 

indicate rejections, 

cancellations, etc., 

and before them 

the final output of 

the product is 

ready 

2) List these activities 

and number of 

cases 

 

If needed, increase the 

percentage of arcs in the 

Abstraction settings (see 

the second screenshot) to 

have a more detailed 

overview 

 

 
 

 

One of the manifestations of 

overproduction is cancellations (on 

the example screenshot, circled in 

red; at this stage of the process, loan 

offer is finalized, all supporting 

documents are prepared but it is 

cancelled by the customer) 

 

Result of the step: list of activities 

that lead to overproduction and the 

number of cases affected  

Output: list of activities that lead to overproduction and the number of cases affected 

6. Redesign 

possibilities 

- NA 

7. References 

7.1. References to 

BPIC submissions  

 

[28, 29, 42] 
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