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Abstract: Business process improvement is a systematic approach used by several organizations to continuously improve their quality of service. Integral to that is analyzing the current performance of each task of the process and assigning the most appropriate resources to each task. In continuation of our previous work, we categorize resources into human and non-human resources. For instance, in the healthcare domain, human resources include doctors, nurses, and other associated staff responsible for the execution of healthcare activities; whereas the non-human resources include surgical and other equipment needed for execution. In this study, we contend that the two types of resources (human and non-human) have a different impact on the process performance, so their suitability should be measured differently. However, no work has been done to evaluate the suitability of non-human resources for the tasks of a process. Consequently, it becomes difficult to identify and subsequently overcome the inefficiencies caused by the non-human resources to the task. To address this problem, we present a three-step method to compute a suitability score of non-human resources for the task. As an evaluation of the proposed method, a healthcare case study is used to illustrate the applicability of the proposed method. Furthermore, we performed a controlled experiment to evaluate the usability of the proposed method. The encouraging response shows the usefulness of the proposed method.
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1  Introduction

Organizations continually strive to improve the execution of processes for delivering quality services to its customers. In this context, Business Process Management (BPM) has established itself as a vital instrument [1] because it offers a structured, coherent, and consistent way of modeling, executing, and analyzing business operations [2]. However, it is widely acknowledged that there are two reasons for inefficiencies in the execution of business processes [3,4]: (i) Structural weakness in the process models, and (ii) Inappropriate resource assignment. Corresponding to these two reasons, there are two ways to continuously improve the performance of processes, process redesign and resource management. Where, process redesign deals with altering the structure of a process, and resource management deals with rearranging the resources associated with activities of a process.

In the BPM lifecycle, historic analysis of resources (formally, posterior analysis) refers to the post-process enactment analysis, as it requires an execution log that is generated during the enactment of a process. The execution log is widely acknowledged as a very useful data source for various purposes, such as compliance checking [5]. However, the provision of effective information to support the analysis is a challenging task due to the following reasons: (a) Log files are maintained for a very short span of time, and (b) It is not optimized to support performance analysis. An alternative to that is the use of a process-oriented data warehouse, called Process Warehouse (PW). PW is a specialized warehouse that is similar to the classical data warehouse as it captures data in a multi-dimensional structure [6], whereas, it is materialized by the integrating three data sources, workflow objects, business objects, and process execution log [7]. Several studies have identified that a key challenge associated with the use of PW is that it contains large volume of information which may not be necessarily relevant for every analysis [8,9]. Consequently, the presence of excessive information complicates the task of the process analysis for inexperienced decision-makers [10]. Therefore, a method is desired that can provide access to relevant data and also facilitate the way resource analysis is performed.

Our existing effort to business process analysis [11–16] has categorized resources into two types, human and non-human resources. The studies have established that the two types of resources (human and non-human resources) have different behaviors and thus they have a different impact on process performance. This is aligned with other established studies [4], which has argued that human and non-human resources collectively optimize the process performance. However, it is observed that the behavior of the two types of resources is not similar. Furthermore, Ouyang et al. [14] has also argued that living beings and non-living beings, such as surgical equipment, do not have similar behaviors. It is because, ‘non-living beings’ are static and do not affect process performance due to any subjective interest or skill [17]. Therefore, the performance of both classes should be evaluated differently using different parameters.

To that end, in a previous study, we developed an Integrated Resource Classification Framework (IRCF) [11]. According to the framework, true optimization of process performance requires an in-depth analysis of human and non-human resources. Subsequently, other studies were conducted that to developing methods for the performance analysis of human resources [18–20]. However, no study has been conducted to develop methods for the performance analysis of the non-human resources. The specific aim of this study is to propose a method for evaluating the suitability of non-human resources using PW. In particular, we first propose a theoretical suitability model to identify the various factors which should be considered for evaluating the suitability of non-human resources for a given task. Subsequently, the theoretical model is used as a basis for developing a novel method for the suitability of non-human resources. A key benefit of the method is that it can be used by domain experts having limited knowledge of PW.

The rest of the paper is organized as follows: Section 2 provides an overview of the Integrated Resource Classification Framework, Section 3 presents the suitability model for non-human resources which serves as a basis for the proposed method presented in Section 4. Illustration of the method for a healthcare case study and the details of the controlled experiments are presented in Sections 5 and 6 respectively. The paper concludes in Section 7.

2  Integrated Resource Classification Framework (IRCF)

Organizations are continuously striving to improve their processes through the appropriate assignment of resources. Resources include human agents (human resources) and devices (non-human resources) which are coupled to execute activities of a process. While, several studies, such as [4], have acknowledged that resources play a pivotal role in the optimal execution of processes, some studies argue that “the two types of resources have a different impact on the performance of a process. Therefore, their performance should be evaluated differently, i.e., the same criteria should not be used for the evaluation of both types of resources” [11,12]. Therefore, to evaluate the performance of the two types of resources, we previously introduced a framework, called Integrated Resource Classification Framework (IRCF) [11]. The framework is composed of three different types of relationships that should be considered for resource management. Fig. 1 shows the three types of relationships between a task and the two types of resources, human and non-human resources. A brief overview of the three types of relationships are as follows:

•    The relationship between human resources and a given task should be determined in terms of the ability of the human resource to perform the task, which is termed as competency. It determines how well a human resource can perform the task.

•    The relationship between a non-human resource and a task is determined in terms of its appropriateness for the task, which is termed as suitability. It determines how well-fitting a non-human resource is for a task.

•    The relationship between human and non-human resources is determined in terms of the inclination of human agents to use certain non-human resources for a specific task, which is termed as preference. Where, the preference defines how comfortable human resources are to use a given non-human resource for a given task.
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Figure 1: Integrated resources classification framework [11]

In our previous work [18–20], we focused on developing a method for the performance analysis of analyses human resources. However, no study has been conducted to develop a method for the performance analysis of non-human resources. To that end, firstly, we have proposed a theoretical model to evaluate the suitability of non-human resources, and subsequently use it to propose a method for evaluating the suitability of non-human resources.

3  The Suitability Metamodel

A model is used to describe ‘something from the real world’ and metamodel is ‘a surrogate model that describes what can be modeled’ [21]. In this section, we present a metamodel to evaluate the suitability of non-human resources for a given task. The metamodel represents the concepts that should be used to evaluate the suitability of non-human resources for a given task. We contend that the evaluation of non-human resources with respect to the task is represented by the degree of appropriateness of non-human resources for the task.

Why suitability. Zur Muehlen [4] argued that a role provides the privilege boundaries and capabilities for human resources during the execution of activities. For instance, a nurse may gain the skill to operate on a patient but she is not allowed to lead an operation because this task is solely bound to the doctor’s role. Due to the access privilege boundary, the support for this feature is available in business process management systems, such as Bizagi BPM Suite [22]. However, the support for assigning suitable non-human resources to tasks is not available in BPMS. In this study, we contend that non-human resources also have a non-trivial impact on process performance. Thus, without the appropriate combination of optimal non-human and human resources, process execution cannot be improved. This is in-line with Heravizadeh et al. [23] who has argued that the optimal execution of a task requires a suitable set of non-human resources matched with the competent human resources. It is also widely acknowledged that assigning a task to the domain expert (most competent) human resources optimizes process execution. However, it has also been observed that even a domain expert cannot improve process performance without the availability of an appropriate set of non-human resources. For example, if an unsuitable syringe is provided to a skilled nurse, she may not execute the task appropriately. Hence, the identification of suitable non-human resources is essential in the evaluation of the resource’s performance.

Essentials of Suitability: According to Heravizadeh et al. [23] and Loucopoulos et al. [24], suitability is categorized as a basic quality function for the measurement of process performance through non-human resources. In our context, it is the appropriateness of non-human resources for a task. We contend that reliability, accuracy, and completeness are three essential ingredients for measuring the appropriateness of non-human resources. Where, reliability refers to the ability of the non-human resources to perform the task. It is also defined as “the ability to maintain a specified level of performance when used under specified conditions” [23] and can be measured as a function of failure and success frequencies [24,25].

Completeness is defined as the ability to fulfill the requirements of the given task i.e., the minimum and maximum criteria sets for successfully executing a task. Completeness stems from Heravizadeh’s et al. [23] quality dimension of a robust totality and is defined as “the degree to which a function can function correctly even in the presence of invalid, incomplete or conflicting inputs.”

Accuracy measures the degree of success of the task completion with the device that is used for it. It is also defined as “the right or agreed results or effects with the needed degree of precision” [23].

The metamodel of the evaluation of suitability is presented below in Fig. 2. The figure shows the relationship between the three concepts (reliability, accuracy, and completeness) and an ordinal scale of 1 to 5 on which these values can be measured. Where, the value 1 represents that the non-human resource is completely unsuitable for the task, and value 5 represents that non-human resource is most suitable for the task.
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Figure 2: Resource suitability metamodel

4  Suitability Evaluation Method

In this section, we present a method that can guide the suitability analysis of non-human resources for a given task. That is, the method calculates the suitability score of non-human resources for a task based on the resource suitability metamodel introduced in the preceding section. Specifically, the method consists of three steps, where the input to the first step is the role whose corresponding resource-task suitability needs to be evaluated, and the output of the third step is the suitability score of a non-human resource for the task. The steps and their relationships are shown below in Fig. 3, followed by an discussion of each step of the method.
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Figure 3: The suitability evaluation method

4.1 Task History Identifications

The first step aims at identifying the history of tasks performed by a role and the used resources. The input to this step is a role whose tasks are under consideration for computing suitability. To generate the input tasks for this step, we rely on an SQL query. The algebraic query to extract the tasks list for a specific role is as follows:

[image: images]

Consider that we are interested in evaluating the suitability of the tasks performed by ‘Nurse’. The query can be formulate as follows:





	SELECT TaskID, TaskName, Role

	FROM dim_task, dim_WFO, dim_time

	WHERE dim.taskid=dim_WFO.taskid

	AND dim_WFO.taskid=dim_time

	AND Time > = ‘1-1-2015’

	AND Time = < ‘1-1-2015’

	AND Role=‘nurse’

	GROUP BY Role;__





The output of this query is the list of tasks of the given role. Using the task list as input, the first algorithm of our method extracts the instances of process execution in which the task was used. Also, the methods extracts start time, end time, the non-human resources used, and the status of the task, i.e., whether the task is in progress, completed, or paused. The output of this algorithm is a two-dimensional structure for each task which contains the output in a two-dimensional structure.

The two-dimensional structure [image: images] for a task t1 contains the identities of execution cases, the status of the task, whether it is successful, pending, or unsuccessful, and the status of each resource for the task, whether the resource was used or not used. In relational algebra, it can be represented as follows:

[image: images]

such that, [image: images] represents the list of tasks for the role, and

[image: images]

where, R1, R[image: images] represents the list of resources used in the task.

4.2 Suitability Evaluation Sheet Creation

The input to this step is the two-dimensional structures generated in the preceding step, and this step aims to create a suitability evaluation sheet for each task in the task list. This particular step uses the suitability evaluation metamodel presented in Fig. 2. Recall, in Section 4 we established that the suitability score of a non-human resource is an aggregation of reliability, completeness, and the accuracy scores.

In the second step of the method, the reliability scores of a resource is computed by extracting data from the fact table of PW and using the extracted values in the equations for reliability, completeness, and accuracy. The reliability is defined as follows:

[image: images]

In the equation, RL represents the reliability of non-human resources for a task, TC represents the total number of cases (in all task executions) in which the resource r was utilized, and UC represents the total number of cases in which the specific resource was utilized in different instances;

[image: images]

In the above equation, CP represents the completeness of non-human resources for a task, and TS represents the total number of times the task was successfully completed.

[image: images]

In the above equation, AC represents the percentage accuracy of a non-human resource for a task, and ATC represents the total number of accurately executed instances.

The three equations (a, b, and c) are used in Algorithm 2 to create a suitability evaluation sheet. The outcome of this algorithm is a two-dimensional structure [image: images] for task t1 that contains the resources used in the task, reliability score, completeness score, and the accuracy score for each resource in the contest of the task.

The two-dimensional structure [image: images] for a task t1 contains the identities of execution cases, the resources used for the task (R1, R[image: images]), reliability score, completeness score, and accuracy score for the resource. In relational algebra, it becomes:

[image: images]

where, [image: images] represents the list of tasks for the role, and
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4.3 Suitability Calculation

This step aims to generate the suitability score of each resource-task pair by taking input the set of two-dimensional structures ([image: images]) generated from the preceding step. The algorithm in this step takes the suitability evaluation sheet as input, normalizes the score to a range of 1–5, and represent it as a matrix. The x-axis in the matrix represents the list of resources used in a task and the y-axis represents the suitability scores of the resource, i.e., normalized completeness, accuracy, and reliability scores. Subsequently, a weighting scheme is used to generate a suitability score of each resource in terms of completeness, accuracy, and reliability. The aim of the weighting scheme is to provide flexibility to the user to adjust the effect of each behavior. The rules for weight assignments are as follows:

•    Weights of suitability behaviors (reliability, completeness, and accuracy) shall vary between 0 and 1 in such a way that the total score of the three behaviors remain between 0 and 1.

•    The default weight is 0 to nullify the effective of a behavior on the overall suitability score.

The algorithm then takes a dot product of the two matrix, and row-wise summation will produce suitability for the resource-task pair which represents the suitability of each resource for a task.

[image: images]


5  Method Illustration

In this section, we illustrate the use of our proposed method for a healthcare process. However, it requires a materialized PW which is typically not publicly available due to confidentiality reasons. As an alternative to that we designed a PW and used synthetic data to populate it. More specifically, firstly, we designed a process model of ‘maternity regular visit’ using BPMN, which is the standard process modeling language, and designed the PW. Subsequently, we implemented a PLG V1.0 to generate synthetic data. The reason for implementing a new log generated is that the existing models, such as Burattin’s PLG [26], merely generates event logs of the process models in Petri nets, whereas we used BPMN for designing our process model. A key feature of the PLG V1.0 is that it can be used to populate a log of five different patterns. The patterns are presented in Tab. 1 and a screenshot of the implementation is shown presented in Fig. 4.

Table 1: All possible case instance scenarios ‘maternity regular visit’
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Figure 4: A screenshot of the process log generator (PLGV1.0) [10]

6  Healthcare Business Process Model

For the illustration, we have selected a business process for maternity regular visits from a Malaysian hospital. In this section, we introduce the business process, whereas, in the next section, we use it for illustration. To make the illustration closer to the real world, we visited a maternity clinic and observed all activities and sequence of activities over a period of time. It was observed that whenever a patient wants to visit a doctor, she has to request an appointment. If the appointment is granted, the patient is allowed to visit the doctor otherwise she is asked to wait for the appointment confirmation. If a patient is granted an appointment, the nurse will perform an initial check. For the first time visitor, the nurse takes blood and urine samples and sends them to the laboratory for examination.

For subsequent visits, the nurse performs three activities, measuring weight, blood pressure, and diabetic sugar level, and record them in the patient history card. During the visit, the doctor can see the test reports along with the patient history and can also perform ultrasound. However, if the doctor assesses that patient is unstable and ready to deliver the child, the patient is admitted to the hospital. Alternately, she is prescribed medicines and the patient is passed to a second nurse, who is responsible for post checkup activities, such as injecting medicine and forwarding to the pharmacy. Finally, the patient goes to the payment counter and pays the bill. The BPMN diagram of the maternity process is shown in Fig. 5.

[image: images]

Figure 5: BPMN of ‘maternity regular visit’ business process [10]

The execution of the business process involves three nurses (n1, n2, n3) in role (r1) working at different positions (Senior Nurse, Junior Nurse), Doctor (n4) in role (r2) working as (lady doctor, surgeon), and a counter clerk in (r3) working at position (junior clerk). Besides that, the following non-human resources are involved, weight machine, blood pressure checker, urine test strips, ultrasound machine, injections, and medicines. One trace of an event log from PLG v1.0 for Case pattern 1 is shown in Tab. 2. The generated traces cover two types of events, start event and end event, where TaskID TA represents ‘Appointment with a doctor.’ Each entry in the process log is uniquely identified by Data_Record filed value. The values for CaseID and TasksID will remain the same for start and end, event types. For the experiment, the PLG v1.0 generated 780 traces to populate the execution log.

Table 2: One instance of PLG 1.0 generated log for pattern1 (event Log)
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7  Method Illustration

As discussed earlier, due the unavailability of real process log data, we generated synthetic data using PLG V1.0. That is, we used the following settings, [image: images], [image: images], [image: images], [image: images], and [image: images]. As a result, 3386 records were generated with two different start and end event types. We used the MSQL Server 2008 to store and retrieve the process log. Below, we illustrate each step of the method.

7.1 Task History Identifications

The task history identification step explores the list of tasks and non-human resources used in those tasks against a set of roles. The query and an excerpt of the output are shown in Tab. 3. The query extracted 1693 records, however, due to space limitation, we have selected the ‘injection insulin’ task to explore the expected results from the method. This task was instantiated 76 times. For these instances, the output of the first step is shown in Tab. 4.

Table 3: Identifications of the task list for the role of ‘Nsurse’

[image: images]

Table 4: Task history of ‘injection insulin’

[image: images]

7.2 Suitability Evaluation Sheet Creation

The second step aims to produce values for suitability behavior, in terms of reliability, completeness, and accuracy. An excerpt from the suitability evaluation sheet for the ‘Injection insulin’ task is shown in Tab. 5.

Table 5: Task suitability evaluation sheet for one instance

[image: images]

7.3 Suitability Calculations

The output from the preceding step, the suitability evaluation sheet, is taken as the input of this step. The values are then normalized to a range of 1–5 and represented as a matrix in Fig. 6. The matrix for one task is represented as SDS1, whereas, the weighting scheme given as input by the user is shown as the SWD matrix. The dot product of the two products leads to generating SDS. Finally, row-wise summation produces suitability for the resource-task pair. In the figure, the total suitability score for each resource (R1, R2, [image: images] R4) is represented by S.

[image: images]

Figure 6: Suitability’s calculations of task ‘Injection insulin’ (procedure S3, an example output)

For each reading, the final output of the suitability evaluation method is shown in Tab. 6, which is annotated with linguistic terms that vary from strongly suitable to strongly unsuitable.

Table 6: Resource suitability evaluation final output
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8  Method Evaluation

For the evaluation of the proposed method, we have used Hong’s Technology Acceptance Model [27] due to two reasons: (a) The model is based on the famous Technology Acceptance Model [28] and the IS Success Model [29], and (b) The model is customized to adjust the factors affecting data warehouse success [30]. For the experimentation, eleven respondents with computing and data warehousing knowledge were randomly selected from the University of Technology Petronas, Malaysia. The participants include faculty members, graduate students, and undergraduate students. For the study, the participants were asked to analyze the suitability of non-human resources for the maternity process, without any additional help. Subsequently, we presented our method and demonstrated the use of our method using small examples. Thereafter, participants were asked to use our proposed method for repeating the same task.

The results of the post task survey are presented in Fig. 7. It can be observed from the figure that our method successfully presents relevant information to the user but the granularity is minimum which makes the information level strictly relevant with less flexibility. Although it reduces the freedom to use PW, however, we argue that the user always has the option to make use of the classical approach to use PW. Thus, we further advocate that the two approaches supplement each other and hence increases the usability of PW.

[image: images]

Figure 7: Information quality comparison, with and without our method

For analysis of the responses, faculty members, as well as the PhD students, were considered experts. Whereas, graduate students enrolled in a course on business process management were considered intermediate respondents, whereas, the undergraduate students were considered novice respondents. Accordingly, our study participants include three expert, four intermediate, and four novice respondents. Fig. 8 shows a comparison of the survey results using our proposed method and without using our proposed method. From the graph, it can be observed that no significant differences were observed between all three response groups indicating that each group had equally perceived all variables while using our method.

[image: images]

Figure 8: Comparison of respondent groups

9  Conclusions

Analysis of process execution is very much desired because it serves as a base for taking improvement decisions. There are two major types of business process analyses, structural and resource level. The structural analysis deals with analyzing the arrangement of activities and corresponding improvement deals with rearranging healthcare activities. On the other hand, resource analysis deals with analyzing the resources associated with each activity of the process, and the corresponding improvement deals with reassigning resources to activities.

In this study, we contend that there are two types of resources, human and non-human resources and they differ in terms of their behavior and impact on process performance. Thus they should be analyzed differently. However, no work has been done on evaluating the suitability of non-human resources in processes. Consequently, it becomes difficult to identify and subsequently overcome the inefficiencies caused by the non-human resources in delivering services to the customer. To address this problem, we have presented a three-step method that can be used to evaluate the suitability of the resource-task pair. The method is rooted in a suitability model that includes the different concepts which should be considered for the suitability analysis of task-resource pair.

Particularly, the method can guide the use of process warehouse for identifying non-human resource deficiencies in business processes. Applicability of the proposed method is demonstrated with a healthcare case study and an empirical study to evaluate the usability of the proposed method. The encouraging results of the study reflect the usefulness of the proposed method.
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