
Received: 3 April 2017 Accepted: 15 November 2018

DOI: 10.1002/kpm.1591

brought to you by COREView metadata, citation and similar papers at core.ac.uk
R E S E A R CH AR T I C L E
Dynamic human resource selection for business process
exceptions

Jooseok Lee | Seunghoon Lee | Jinwoo Kim | Injun Choi
Department of Industrial and Management

Engineering, Pohang University of Science and

Technology (POSTECH), Pohang, South Korea

Correspondence

Injun Choi, Department of Industrial and

Management Engineering, Pohang University

of Science and Technology (POSTECH), Nam‐
gu, Pohang 37673, South Korea.

Email: injun@postech.ac.kr

Funding information

Korea Small and Medium Business Adminis-

tration, Grant/Award Number: 10031496;

National Research Foundation of Korea(NRF),

Grant/Award Number:

NRF‐2017R1A2B4008029
Knowl Process Manag. 2019;26:23–31.
A key capability of today's organizations is to flexibly and effectively react to unex-

pected events. A critical case of an unexpected event is sudden unavailability of

human resources, which was not properly addressed by existing resource allocation

approaches. This paper proposes a systematic approach that analyzes event logs to

select suitable substitutes if the initial human resources become unavailable. The

approach uses process mining and social network analysis to derive a metric called

degree of substitution, which measures how much the work experiences of the

human resources overlap, from the two perspectives: task execution and transfer of

work. Along with the metric, suitable substitutes are also identified. A simulation dem-

onstrates that the approach identifies suitable substitutes more effectively and accu-

rately than existing allocation methods such as role‐based allocation or random

allocation. The proposed approach will increase the effectiveness of dynamic alloca-

tion of human resources, especially in an exceptional situation.
1 | INTRODUCTION

During execution of business processes, numerous exceptions can

occur. For example, core human resources can become unavailable.

Today's organizations must react appropriately to these situations to

ensure that their processes are executed successfully (Dumas, La

Rosa, Mendling, & Reijers, 2013; Kim, Choi, & Park, 2011; Kim, Lee,

Lee, & Choi, 2017; Reichert & Weber, 2012). Responses to such

exceptions include trying alternative paths, adding supplementary

behaviors, and changing the resource allocation (Reichert & Weber,

2012). The last type of response is especially important when excep-

tions occur in business processes in which human performers have

important roles. It includes delegation, escalation, deallocation, and

reallocation of work items (Russell, van der Aalst, Hofstede, &

Edmond, 2005).

Many business process management systems, however, use

primitive approaches such as the “push or pull” mechanism to dis-

tribute work items to performers (Huang, van der Aalst, Lu, &

Duan, 2010; Liu, Cheng, & Ni, 2012; Liu, Wang, Yang, & Sun,

2008). Thus, work items are often assigned to “too few, too many,

or even the wrong set of performers” (Kumar, van der Aalst, &

Verbeek, 2002). A critical case is that a work item is assigned to

a performer who is absent or overloaded. Some research has
wileyonlinelibrary.com
proposed advanced human‐resource allocation mechanisms to avoid

these errors. However, the mechanisms do not consider exceptional

situations such as sudden unavailability of the performers. Such sit-

uations cannot all be anticipated and incorporated in the allocation

mechanism in advance, so appropriate substitutes must be identi-

fied quickly. That is, alternative performers who can minimize the

impact of the exceptions must be identified; this task has not been

properly addressed by previous studies.

Furthermore, existing studies do not consider the perspective of

transfer of work, which can significantly affect the efficiency of busi-

ness processes (Kumar, Dijkman, & Song, 2013). Transfer of work,

refers to passing work items from one task to the next, often contrib-

utes a significant portion of delays in execution of business processes

(Dustdar & Hoffmann, 2007; Hearn & Choi, 2013; Lee, Sung, Song, &

Choi, 2015). Accordingly, both task execution and transfer of work

must be considered.

This paper proposes a systematic approach to rapidly identify

suitable substitutes by considering task execution and transfer of

work. Specifically, the approach uses a metric called degree of substi-

tution (DoS) to quantify the overlap in the work experiences of human

resources. DoS is derived using process mining techniques and social

network. The approach also constructs a substitution network to visu-

alize the DoS. A simulation demonstrates that the approach identifies
© 2018 John Wiley & Sons, Ltd./journal/kpm 23
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suitable substitutes more effectively and accurately than existing allo-

cation mechanisms such as role‐based allocation or random allocation.

The remainder of this paper is organized as follows. Section 2

discusses existing works related to human resource allocation in the

context of business process management. Section 3 introduces the

approach to identifying suitable substitutes and describes the details

of applied techniques. Section 4 presents a case study along with a

simulation result to demonstrate the applicability and feasibility of

the presented approach. Section 5 discusses practical implications.

Section 6 concludes the paper.
2 | RELATED WORK

Effective allocation of human resources can significantly affect the

performance of business processes (Cabanillas et al., 2013; Huang,

Lu, & Duan, 2011; Ly, Rinderle, Dadam, & Reichert, 2006; Wibisono,

Nisafani, Bae, & Park, 2016), so it is becoming increasingly important

in business process management. However, most existing studies have

focused on the control‐flow perspective and have ignored the human‐

resource perspective (Russell et al., 2005; Song & van der Aalst, 2008).

Further, to allocate human resources, current business process

management systems apply rather primitive mechanisms, such as the

“pull or push” mechanism. As a result, human resources are often

allocated to inappropriate tasks, especially when unexpected excep-

tions occur. Advanced behavioral requirements, such as escalation,

delegation, reallocation, and deallocation, are identified to respond

appropriately to those exceptional situations (Russell et al., 2005),

but few approaches support these advanced behavioral requirements

(Reichert & Weber, 2012; Russell et al., 2005).

Several studies proposed advanced mechanisms to increase the

effectiveness and flexibility of resource allocation. One dynamic

work‐distribution method uses four parameters—availability, confor-

mance, urgency, and suitability (Kumar et al., 2002)—to direct work

items to less‐qualified human resources if qualified resources are not

available. Supervised machine learning can be used for semiautomatic

human‐resource allocation (Liu et al., 2008); this method recommends

suitable human resources by examining the patterns of previous activ-

ities that are recorded in event logs. A decision‐tree learning algorithm

can be used to extract meaningful resource allocation rules from event

logs and organizational information (e.g., an organizational model; Ly

et al., 2006). Association rule mining has been used to learn meaning-

ful resource allocation rules from event logs (Huang et al., 2011; Liu

et al., 2012). An adaptive resource allocation mechanism that uses

reinforcement learning can derive the most suitable allocation rule in

a given process context (Huang et al., 2010). The efficiency of human

resources varies over time; Bayesian‐based allocation mechanism can

be used to represent the variance (Wibisono et al., 2016).

Most existing studies focused on incorporating all possible

dynamics into the proposed allocation mechanisms, that is, on finding

the most suitable human resources in a given context. These studies

did not consider exceptional situations. The full set of all exceptional

situations cannot be anticipated, so a systematic method to find

alternative performers must be developed.
Further, most previous studies have not considered the perspec-

tive of transfer of work, although it constitutes a significant proportion

of delays in executing business processes. Incorporating the effect of

transfer of work into allocation mechanisms can maximize cooperation

between human resources (Kumar et al., 2013), but this approach also

does not consider exceptional situations. The first proposed approach

to address this research gap used event logs to derive suitable substi-

tutes (Lee, Lee, Kim, & Choi, 2016). The present paper extends the

previous work with a case study and simulation to demonstrate the

superiority of the approach over existing allocation mechanisms.
3 | APPROACH TO SELECTING SUITABLE
ALTERNATIVE PERFORMERS

The approach considers two perspectives when seeking suitable alter-

native performers: task execution and transfer of work. Task execu-

tion indicates whether a certain substitute human resource for an

initial performer can successfully execute a given task. Transfer of

work indicates whether the substitute human resource can success-

fully pass a task to a successor who will perform a subsequent task

or can receive a task from a predecessor who performed the preceding

task (Hearn & Choi, 2013).

The proposed approach assumes that a human resource can be

most effectively replaced by a person who works on similar tasks or

similar transfer of work, rather than by a person who does completely

different tasks. Each human resource has a “profile” which will be

detailed in a later section, based on how frequently he or she conducts

a specific task or transfer of work. Other criteria, such as performance,

quality, cost, expertise, or workload (Arias, Rojas, Munoz‐Gama, &

Sepúlveda, 2015), may also be used to define the profile of human

resources.

The proposed approach applies process mining and social network

analysis (SNA) techniques to find the most suitable substitutes. Pro-

cess mining extracts valuable process‐related information such as pro-

cess models (Van der Aalst, 2011) from event logs; this approach uses

organizational mining, which specializes in extracting organizational

information (Song & van der Aalst, 2008). SNA primarily focuses on

analyzing relationships between actors in a given social network

(Wasserman & Faust, 1994). In particular, a concept of structural

equivalence, which quantifies the structural similarity of actors in a

given social network, is used in the approach.
3.1 | Definition of event logs

Current business process management systems log all kinds of

process‐related events, such as an initiation and completion of tasks.

Event logs (Table 1; Song & van der Aalst, 2008) may contain useful

information such as instance ID, name of the executed task, desig-

nated performer, or time stamp. Each row of the table corresponds

to an event and contains information of instance (or case) ID, task

name, and performer. Event logs may need preprocessing due to

incomplete information or noise (Van der Aalst, 2011).



TABLE 1 Example of event logs; each row corresponds to an event
and contains information of instance (or case) ID, task name, and
performer

Case Task Performer

1 Task A P 1

2 Task A P 2

1 Task B P 2

3 Task B P 3

2 Task C P 4

2 Task D P 4

1 Task C P 3

… … …

TABLE 3 Example of a transfer‐of‐work matrix

R1 R2 R3 R4

R1 5 0 22 2

R2 2 3 18 1

R3 10 0 0 27

R4 3 0 20 8
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3.2 | Deriving profiles of human resources

Human resources' task‐execution profiles can be derived from event

logs by using a metric based on joint activities (Van der Aalst, Reijers,

& Song, 2005). This metric shows how frequently each human

resource conducts a certain task. The formal definition of this metric

is as follows. Let R = {r1, r2,…rn} be a set of human resources,

T = {t1, t2,…tm} be a set of tasks, and c = {c0, c1,…} ∈ L be a trace of

an event log, or a case, in a business process. Function πt takes an

event ci as an input and returns an associated task ti. Function πp takes

event ci as input and returns an associated performer rj. Then the met-

ric based on joint activities is defined as follows:

ra△Ltb ¼ ∑
cϵL

∑
0 ≤ i < cj j

1 if πt cið Þ ¼ ta and πp cið Þ ¼ rb

0 otherwise:

�

The metric is expressed as a human resource‐by‐task matrix

(Table 2), which represents how frequently each human resource con-

ducts a certain task. For example, human resource R1 conducted task

T1 64 times and task T2 five times.

A profile of transfer‐of‐work can be derived in a similar way. In

this case, a handover metric (Van der Aalst et al., 2005) is used. The

metric shows how frequently two human resources send and receive

work items to and from each other. The formal definition of the metric

is as follows. πt and πp, are also used in this definition. Additionally, a

symbol → denotes a causality relationship between two successive

tasks in a business process model. The handover metric between

two human resources can be defined as follows:

ra⊳Lrb ¼ ∑
cϵL

∑
0 ≤ i < cj j − 1

1 πp cið Þ ¼ ra and πp ciþ1ð Þ ¼ rb and πt cið Þ→πt ciþ1ð Þ
0 otherwise:

�

The handover metric can be expressed as a human resource‐by‐

human resource matrix (Table 3); each row indicates how frequently
TABLE 2 Example of a task execution matrix

Task A Task B Task C Task D

R1 64 5 0 0

R2 87 11 0 0

R3 0 8 28 0

R4 0 0 1 44
each human resource sends work items to others, and each column

indicates how frequently each human resource received work items

from others. For example, R1 sent work items to R2 zero times, to

R3 22 times, and to R4 twice. R1 sent work items to her/himself five

times. Likewise, R1 received work items from her/himself five times,

from R2 twice, from R3 10 times, and from R4 three times.

3.3 | Assessing the substitutability with degree of
substitution

The approach interprets the profiles of human resources as social net-

works and applies SNA, with particular attention to structural equiva-

lence (Song & van der Aalst, 2008). Structural equivalence measures a

structural similarity of nodes in a network. For example, nodes i and j

are structurally equivalent if i has relations with node k, if and only if j

also has relations with node k for all node k and relations (Wasserman

& Faust, 1994); that is, the concept of structural similarity corresponds

to the similarity of profiles.

Various measures such as Pearson's correlation, Euclidean dis-

tance, or Jaccard coefficient (Hanneman & Riddle, 2005; Wasserman

& Faust, 1994) have been proposed to quantify structural similarity.

The Jaccard coefficient is defined as the ratio of the intersection of

samples sets to their union. The approach uses a modified Jaccard

coefficient to measure the similarity of profiles of human resources.

The Jaccard coefficient can lead to biased results because it uses the

maximum and minimum values of each profile. For example, if certain

values in profiles are extremely larger than others, the value of Jaccard

similarity will be biased. This section introduces a modified Jaccard

coefficient to avoid the problem.

The formal definition, also referred to as a DoS, is as follows. Let

P = {p1, p2,…pn} and Q = {q1, q2,…qn} be profiles of two human

resources, where P is a performer to be replaced. Let xi be a ratio of

the ith values of P and Q's profiles where yi be an indicator that repre-

sents whether the ith value of P's profile is >0. Then Q's DoS relative

to P is defined as follows:

DoS P;Qð Þ ¼ ∑ixi
∑iyi

;

where xi ¼
1

qi=pi

�
if qi > pi
otherwise

and yi ¼
1 if pi > 0

0 otherwise:

�

DoS can be represented in two types of human resource‐by‐

human resource matrix; one (Table 4) is based on the task‐execution

perspective (DoSTE), and one (Table 5) is based on the transfer‐of‐

work perspective (DoSTW). A high DoS indicates a high overlap in

work experiences. For example, R2 is the most suitable substitute

for R1 for task execution, because R2 has the highest value among



TABLE 4 Degree of substitution matrix (task execution)

In‐degree Out‐degree

R1 0.305 0.440

R2 0.296 0.369

R3 0.540 0.147

R4 0.011 0.196

TABLE 5 Degree of substitution matrix (transfer of work)

R1 R2 R3 R4

R1 1 0.579 0.714 0.773

R2 0.746 1 0.571 0.762

R3 0.212 0.091 1 0.229

R4 0.714 0.498 0.714 1
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possible substitutes (Table 4). Likewise, R4 is the most suitable substi-

tute for R1 in terms of transfer of work according to Table 5. The

matrices are not symmetric; this trait confirms the intuition that a

highly‐experienced human resource can successfully substitute for

one with little experience but not vice versa.

Finally, various averaging techniques can be applied to aggregate

the two perspectives.

DoSBoth ¼
2DoSTE*DoSTW
DoSTE þDoSTW

:

The harmonic mean of the degree of substitution is used to find

substitutes who are superior in both perspectives. The balance

between the two perspectives can be adjusted according to the

business process.

3.4 | Constructing substitution networks

Finally, the DoS between human resources is visualized in a network

form called substitution network, which shows a holistic view of the

substitutability between human resources (Figure 1). In the graph,

each node indicates a human resource, and each arc indicates the

DoS between two nodes. The thickness of an arc increases as the
FIGURE 1 An example of substitution network [Colour figure can be
viewed at wileyonlinelibrary.com]
DoS increases. The direction of the arc implies the roles of each

human resource connected (e.g., the node to which the arrow points

is the potential substitute). For example, R2 and R3 are two potential

substitutes for R1, and R2 is better than R3.

The proposed approach simplifies the substitution network by

eliminating relationships that have DoS less than some threshold; this

technique is also useful to facilitate visualization of complex networks.

The substitution network can also be related to an organizational

model to increase the value of the implications. For example, nodes

in the network can be projected onto hierarchical levels or organiza-

tional departments, and a new substitution network can be con-

structed in which the nodes correspond to organizational entities

(e.g., roles or departments).

To derive more insightful implications, out‐degrees or in‐degrees

of human resources can be calculated and analyzed (Table 6). For

example, an out‐degree of a human resource, or a weighted sum of

arcs directed from her/him, indicates the number of potential substi-

tutes who can replace her/him: The human resource has many substi-

tutes if she/he has a high out‐degree. On the contrary, a human

resource with a low out‐degree can be considered as a critical

resource in the organization because few substitutes exist (Cabanillas,

Resinas, del‐Río‐Ortega, & Ruiz‐Cortés, 2015). An in‐degree of a

human resource indicates his/her capability to replace other per-

formers. A human resource who has a high in‐degree is a multi‐player

who is competent at many tasks.
3.5 | Selecting suitable alternative performers

The proposed DoS approach rapidly identifies suitable alternative per-

formers in case of exceptions, such as sudden unavailability of process

performers or increase in workload (Figure 2). For example, if a per-

former becomes unavailable due to illness, the approach uses event

logs to calculate the DoS and identify the most suitable substitutes.

Then a manager decides who will be the actual alternative performer.

If a workload suddenly increases, the procedure of selecting substi-

tutes is slightly different. First, a copy of a new instance of the

overloaded task must be created. Then, based on DoS, the approach

identifies a suitable substitute and allocates him/her to the newly

created instance.
4 | CASE STUDY AND SIMULATION

4.1 | Case study

This section presents a case study to demonstrate the applicability of

the proposed approach. Event logs are analyzed in the case study of a
TABLE 6 Example of in‐ and out‐degree

In‐degree Out‐degree

R1 1 0.579

R2 0.746 1

R3 0.212 0.091

R4 0.714 0.498

http://wileyonlinelibrary.com


FIGURE 2 An illustration of the usage scenarios [Colour figure can be viewed at wileyonlinelibrary.com]
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purchasing process, which consists of eight activities (Figure 3), using

business process model and notation. The eight activities are “Create

Purchase Requisition,” “Analyze Purchase Requisition,” “Create

Request for Quotation Requester Manager,” “Create Request for Quo-

tation Requester,” “Analyze Request for Quotation,” “Send Request for

Quotation to Supplier,” “Create Quotation Comparison Map,” and
FIGURE 3 A purchasing process.

FIGURE 4 The substitution network
[Colour figure can be viewed at
wileyonlinelibrary.com]
“Analyze Quotation Comparison Map.” Twenty human resources are

involved in the process.

The approach derived two types of profiles from event logs

that contain 3,880 events and 608 cases or instances. Then the

profiles are used to calculate DoS in the perspectives of task exe-

cution and transfer of work. A substitution network (Figure 4)

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


FIGURE 5 Highlighted substitution network
[Colour figure can be viewed at
wileyonlinelibrary.com]

TABLE 7 In‐degree and out‐degree of human resources

In‐degree Out‐degree Differences

R1 0.064 0.130 −0.065

R2 0.043 0.048 −0.005

R3 0.044 0.044 0.000

R4 0.047 0.042 0.004

R5 0.049 0.047 0.002

R6 0.044 0.050 −0.006

R7 0.021 0.217 −0.196

R8 0.245 0.043 0.203

R9 0.065 0.154 −0.089

R10 0.108 0.043 0.065

R11 0.050 0.046 0.004

R12 0.021 0.240 −0.219

R13 0.108 0.128 −0.020

R14 0.147 0.111 0.036

R15 0.042 0.108 −0.066

R16 0.022 0.176 −0.154

R17 0.265 0.063 0.202

R18 0.196 0.021 0.175

R19 0.021 0.065 −0.044

R20 0.219 0.045 0.174
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shows substitutability between human resources. The network has

been simplified to show only the important relationships between

human resources. The network shows three groups of substitutable

human resources and enables identification of suitable substitutes

for each human resource. A highlighted version (Figure 5) of the

substitution network identifies R8 and R17 as suitable substitutes

for R10 and identifies R10 as a potential substitute for R1, R7,

R12, R16, and R19.

Because of asymmetry of substitutability between human

resources, the numbers of arcs that a node emits differs from the

number of arcs that it receives. These differences are quantified using

the in‐degree and out‐degree of a human resource (Table 7). Accord-

ing to the table, R17, which has the highest in‐degree, can replace

many other human resources. Thus, a manager responsible for allocat-

ing human resources can regard R17 as a multiplayer and incorporate

this assessment in the allocation policy. R8, R18, or R20 also have a

high in‐degree and can be regarded as multiplayers. R18 has the

smallest out‐degree, so few resources can substitute for him or her.

A manager should treat R18 as a critical human resource because

critical problems could occur if he/she becomes unavailable

(Cabanillas et al., 2015).

The asymmetry of substitutability or the differences between in‐

degree and out‐degree of human resources has some important

implications. For example, R8 has a high in‐degree and low out‐

degree, so he/she can replace many other workers but not vice

versa. The shape of nodes in the substitution network also repre-

sents the differences (Figures 4 and 5). A vertical ellipse indicates
a human resource who can replace many others but not vice versa;

a horizontal ellipse indicates a human resource that can be replaced

by many others but not vice versa.

http://wileyonlinelibrary.com
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4.2 | Simulation and results

A simulation was conducted to demonstrate that the approach is more

effective and accurate than existing allocation mechanisms (Table 8)

such as role‐based allocation.

The simulation model was created based on the event logs pre-

sented in the case study. The model generates exceptions randomly

then uses three mechanisms to select and allocate substitutes. The

model was run 1,000 times to calculate the average total completion

time. Descriptive statistics (Table 9) show that the approach outper-

forms role‐based mechanism and random‐based mechanisms; these

differences were significant (approximately by 5 and 15 hr, respec-

tively; Welch's t test; Table 10). Welch's t test was used instead of

one‐way analysis of variance because the three mechanisms had sig-

nificantly different variances. Multiple comparisons using Games–

Howell post hoc test were conducted to investigate the details of dif-

ferences between mechanisms (Table 11). The test confirms that the

approach outperforms other two methods and enabled rapid and

effective responses to various business process exceptions.
TABLE 8 Descriptions of mechanisms

Mechanism Description

DoS Select substitute based on the proposed approach

Role‐based Select substitute randomly among human
resources who share the same role as the
initial performer

Random‐based Select substitute randomly

TABLE 9 Descriptive statistics

Mechanism N Mean
Std.
deviation

95% Confidence interval

Lower
bound

Upper
bound

DoS 1,000 109.54 44.87 106.76 112.33

Role‐based 1,000 114.81 45.89 111.96 117.65

Random‐based 1,000 124.72 57.69 121.14 128.30

TABLE 10 Welch's t test

DF DF Den F value p value

2 1,976.80 21.57 0.000

TABLE 11 Multiple comparisons using Games–Howell test

Mechanism (i) Mechanism (j)

Mean
difference

(i‐j)
Std.
error

DoS Role‐based −5.26 2.03
Random‐based −15.17 2.31

Role‐based DoS 5.26 2.03
Random‐based −9.91 2.33

Random‐based DoS 15.17 2.31
Role‐based 9.91 2.33
5 | PRACTICAL IMPLICATIONS

Several researchers have suggested the importance of integrating

business process management and human resource management

(Cakar, 2003; Glykas, 2011). The rationale behind their arguments is

that business processes explicitly specifies the tasks that should be

conducted by human resources and provides related data. Process‐

related data, such as event logs, often provide information that is use-

ful for decision making in human resource management.

Practitioners are faced with numerous unexpected situations that

necessitate rapid reallocation of resources in rapidly changing environ-

ments. Often, the biggest challenge is the limited number of available

resources, so decision makers require a systematic approach to iden-

tify the most suitable alternative performers. The approach will enable

delicate and dynamic human resource allocation in such situations.

The approach is expected to be especially useful in small and medium

enterprises that have few human resources. In addition, the approach

will provide objective insights to guide executives and managers when

they make decisions related to management of human resources.

Often, due to a significant gap between what should happen and what

actually happens, many executives or managers have limited informa-

tion about current circumstances (Song & van der Aalst, 2008). The

approach extracts information from event logs, which record human

resources' actual behaviors, so it will increase the accuracy and detail

of the information about what is happening. Moreover, all of the infor-

mation is derived automatically, so it can respond quickly to excep-

tional situations. Finally, the approach will enable proactive and

holistic management of human resources. For example, executives or

managers can inspect the network to judge which part of their organi-

zation is vulnerable to various types of exceptions, to prepare for

these situations in advance, and to redesign organizational structures

into more resilient one. SNA techniques that measure structural prop-

erties of a given network (e.g., structural holes) can be applied during

the judgment. In conclusion, the approach will provide a systematic

support to executives and managers in their decisions about manage-

ment of human resources.
6 | CONCLUSION

Today's organizations must allocate human resources dynamically in

response to various business process exceptions such as unavailability

of the initial performer or sudden increase of workload. Suitable sub-

stitutes who can minimize the effect of the exception must be identi-

fied in a systematic and objective way.
t
value

p
value

95% Confidence interval

Lower bound Upper bound

2.59 0.026 −10.01 −0.51
6.57 0.000 −20.58 −9.76

2.59 0.026 0.51 10.01
4.25 0.000 −15.37 −4.45

6.57 0.000 9.76 20.58
4.25 0.000 4.45 15.37
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To address this need, this paper introduced an approach that

identifies suitable substitutes by analyzing event logs. The approach

applied process mining techniques to event logs to derive profiles of

human resources; these profiles show the workers' work experiences

in terms of task execution and transfer of work. Then, SNA techniques

were used to assess the DoS between human resources. DoS is a

novel modification of the Jaccard coefficient. The substitution net-

work summarizes the current state of substitutability between human

resources; the manager responsible for allocating human resources

can use DoS and substitution network to make a final decision.

The proposed approach can be easily incorporated in current

workflow management systems or business process systems to

increase the effectiveness and flexibility of human‐resource allocation,

especially in exceptional situations. If an initial performer of a given

task becomes unavailable, the approach can automatically analyze

event logs to identify and recommend suitable substitutes for that

performer. If the workload of a certain human resource increases sud-

denly, the approach can automatically create a new instance of his/her

work and assign it to a suitable substitute.

Currently, substitutability between human resources is assessed

based on frequency. Other dimensions such as time, quality, or cost

should also be considered. As future work, an extended approach that

considers the time dimension is being developed. Further, additional

organizational information, such as department, team, or position, will

be considered to increase the accuracy with which substitutes are

identified. Finally, the approach will be applied to various organiza-

tions to further validate its effectiveness.
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