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Abstract
[bookmark: _Hlk97667630][bookmark: _Hlk97041755][bookmark: _Hlk97930811]A vast amount of work orders is submitted daily which is a critical component of management for any facility. The process taken for prioritizing work orders, however, shows a high dependency on the extent of knowledge and experience of responsible staff available and is challenged by inconsistency in data collection, and uncertainty in decision-making. Making decisions and responding to a high number of requests demand intensive labor hours resulting in delays causing issues for facility managers. The high number of service requests, various work orders, and the required balance between cost and budget highlight the importance of the need for improving work order processing to optimize time and cost of buildings’ operation. Through review of the literature, unstructured and semi-structured interviews, and a qualitative analysis approach, this paper identifies various challenges and gaps in user-driven decision-making for processing work orders and determines best practices. The challenges identified include inconsistency in prioritizing orders, lack of data requirements and knowledge management, cognitive workload and biases, and inconsistency in data collection. Using data-driven decision-making methods can address existing challenges, improve the process of prioritizing work orders and enhance the quality of the work performed by timely responding to submitted requests. This will improve the operation and maintenance of building facilities and increase occupants’ satisfaction.
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[bookmark: _Toc100743841]1. Introduction
[bookmark: _Hlk100743982][bookmark: _Hlk97667309]Facility management (FM) involves various functions including space management, communication, contract management, inspection, etc. (IFMA, n.d.; ISO 41011, 2017). Among many of these FM functions, maintenance-related tasks occupy 79% of the facility managers’ responsibilities (Besiktepe et al., 2020; Wang & Piao, 2019). Maintenance is the actions taken (e.g., inspection, repair) to restore and support the operation and functionality of the buildings (Palmarini et al., 2018; Wood, 2009). A minor change in FM such as choosing the proper maintenance type, can greatly impact the cost, condition, and performance of the facility (Grussing & Liu, 2014; Kwon et al., 2020) which also addresses one of the main goals of FM, improving the economic life of buildings (Islam et al., 2019).  
Work order processing is a big part of FM as large amounts of work orders are submitted daily.  Different researchers have reported high number of service requests (e.g.,80,000 per year) in various facilities (Mo et al.,2017; Cao et al., 2015) which are good indicators of the high demand for maintenance requests as well as an indicator of the approaches taken by facilities to address the maintenance work orders (e.g., focusing on reactive maintenance rather than preventive maintenance). Both factors highlight the importance of improvement in managing and prioritizing maintenance work orders to save time and money while improving the performance of staff and the operation of the facilities (Ensafi & Thabet, 2021). Priority management is defined as the allocation of resources in a specific order to address operational productivity, customer service, and economic and strategic goals of the organization (Westbrook, 1994). Due to the high number of service requests, variety of work orders, and required balance between cost and budget, the allocation of resources to the maintenance tasks needs to be prioritized. Such an approach will optimize the use of resources and minimize the deterioration of the building with long-term considerations (Benitez et al., 2020; Chong et al., 2018). Work order processing involves three main stages:
Stage-1: Data requirements for service requests: Work orders are submitted by occupants, owner, or facility staff and is received by the facility to be addressed. This is the first stage of work order processing in which information are created and used for processing work orders.
Stage-2: This stage involves the processing of the work orders received in order to prioritize them based on their criticality or significance and allocate resources to address them.
Stage-3: The final stage is when the maintenance tasks are performed and completed. The information collected at this stage (e.g., what was performed, what resources were used) will be used to inform future work order processing.
The literature review presented in section 2 conducted a search for manuscripts that addressed these three stages and summarized best practices involved. Section 4 analyzed the literature to identify challenges and gaps associated with each stage and categorize them by stage. 
 Table 1 summarizes the research objectives, research questions, and corresponding research methods. Five main research objectives are defined. To adequately address the research problem, objectives are specific, and each are translated to a research question being asked. Understanding the challenges and gap in existing practices as well as data needed to support different stages of maintenance work order processing can help FM professionals with developing comprehensive framework and data requirement to enhance their existing practices and support the operation of their building facilities. Section 3 “Methodology” provides a detailed step-by-step approach to reflect and respond to the research questions being asked.  
[bookmark: _Ref111377252]Table 1. Research objectives, questions, and methodology
	Research Objectives
	Research Questions
	Related Methodology Steps

	1. Identify data requirements and criteria used for processing work orders in different stages of work order processing in different building facility types

	1. What are the data requirements and criteria used by different building facilities in different stages of processing work orders? 

	Step 1: Review and analysis of literature

	2. Identify existing challenges and gaps in user-driven approaches 

	2. What are the gaps and challenges with user-driven approaches for processing work orders?

	Step 1: Review and analysis of literature

	3. Develop guiding questions to conduct semi-structured interviews

	3. How can a qualitative analysis be used to capture building facility industry best practices to prioritize work orders?
	Step 1: Review and analysis of literature
Step 2: Unstructured interviews
Step 3: Development of interview questions using step 1 and 2

	4. Explore examples of coping strategies and cognitive biases when processing work orders

	3. What are examples of coping strategies and cognitive biases when processing work orders?

	Step 4: Conducting semi-structured interviews
Step 5: Analyzing interviews 

	5. Determine similarities and differences between literature and interviews in terms of existing practices for processing maintenance work orders in building facilities

	4. What are the similarities and differences between literature and interviews in terms of existing practices for processing maintenance work orders? 

	Step 1: Review and analysis of literature 
Step 4: Conducting semi-structured interviews
Step 5: Analyzing interviews and comparing with literature


[bookmark: _Toc100743842][bookmark: _Hlk100743994]This paper provides a review of the literature on work order processing in building sector and identifies existing challenges and gaps in user-driven approaches. The paper also discusses the impact of coping strategies resulting from cognitive workload as well as decision-making biases on the performance of facility staff when prioritizing work orders. Unstructured and semi-structured interviews were conducted with facility experts in the building facilities in order to explore existing industry practices in different building facility types, identify data requirements and criteria used for processing work orders, and to determine the challenges and gaps in each stage of work order processing. The unstructured and semi-structured interviews comprised a qualitative analysis to capture participants’ best practices for prioritizing work orders. The last section of the paper analyzes similarities and differences of the information gathered from literature review as it compares to interviews. Specifically, the comparison study focused on information required when submitting a work order, criteria used for prioritizing work orders, and information collected after a maintenance task is completed to inform future work orders. The analysis also determined possible biases and coping strategies faced by the staff when processing work orders. Finally, the paper concludes with suggestions on using data-driven approaches as opposed to user-driven approaches for addressing the issues identified. A quantitative analysis is proposed, that builds on results of the interviews, to collect numerical data through survey questionnaires sent to a larger pool of FM practitioners through online resources.
2. Review of Literature for Work Order Processing
[bookmark: _Hlk100744018][bookmark: _Hlk100744028]Although vast amounts of work orders are submitted daily (Mo et al., 2017), the process of prioritizing orders has either been done manually or partially through management systems. The process is very challenging. And there are no current structured approaches for performing the prioritization process. Every facility has its own strategy and approach (Lukens et al., 2019). In a traditional work order processing, work orders are requested by occupants or operation and maintenance (O&M) staff through phone calls, emails, or specialized systems and are received by the maintenance department (Mo et al., 2017). The staff will use their experience, knowledge, and judgment to analyze the work orders, prioritize the tasks based on specific criteria (e.g., cost), create schedules, and assign the tasks to qualified technicians (Bouabdallaoui et al., 2020; Cao et al., 2015; Roper & Payant, 2014). 
An initial analysis of the literature using the VOSviewer (VOSviewer, n.d.) was conducted to identify most relevant papers from a pool of related papers for our review. The VOSviewer analyzed abstracts and keywords in papers exported from the SCOPUS database and provided a list of high frequency words. Based on the analysis, the pool of references was reduced to about 50 papers. Fig. 1 shows results of the VOSviewer analysis conducted. Example of highly repeated words identified using the VOSviewer analysis included: maintenance, building, performance, prioritize, and asset management. The keywords are indication of important areas of research in facility management. 
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[bookmark: _Ref101382850]Fig. 1. Keywords identified from literature review
The following sections provide a summary of literature review addressing research conducted on work order processing. 
[bookmark: _Hlk58234036][bookmark: _Hlk53996375]D'Orazio et al. (2022) implemented text mining into occupants’ service requests to determine maintenance severity ranking and actions required. They also compared different sentiment analysis for prioritizing decisions. They first determined the dimensional differences between sentences and then evaluated the importance of specific words within the work order requests. Such approach allowed them to identify the work order category (e.g., electrical). They also used the sentiment analysis to understand the perception of the occupants about the failure event helping with priority analysis. However, due to the complexity of sentiment analysis, the recognition had limited ability to determine the level of request severity.  Developing requirements for work orders received and captured can help with processing them in the next stage. Bouabdallaoui et al. (2020) implemented natural language processing for analyzing data associated with work requests, classifying the service requests, and assigning the tasks to the FM teams based on the nature of the issue (e.g., lighting). Their proposed approach had high prediction accuracy for some classes such as lighting and had lower accuracy for others such as electrical equipment. Defining data requirement may address inconsistency in data collection and processing (Yang & Ergan, 2017; Lavy et al., 2019) and reduce the complication of analyzing work order data. Besiktepe et al. (2019) explored historical work order data to determine frequent maintenance activities. They also investigated the relationship between the activities and building age and type. Based on their results, no relationship was identified. Their study highlights the importance of breaking down the maintenance activities to develop more effective condition assessment processes benefiting from historical work order data collected. They also highlighted challenges with existing practices including lack of maintenance activity type capture and inconsistency in keywords of issue descriptions. Both challenges identified by the study can be addressed by defining comprehensive list of criteria and data requirements. Lavy et al. (2019) studied the use of Building Information Modeling (BIM) in reducing workorder processing time for buildings of a large university. Their results indicate that the benefits of using BIM over other management systems is not yet clear due to lack of standard rules and guidelines for capturing and storing data associated with work orders. Pin et al. (2018) analyzed the work orders to determine the highest priority areas in terms of occupants’ satisfaction level and presented their analysis results through BIM visualization to help the FM professionals with better understanding of the priority areas from a large scale (the entire campus) to a smaller scale addressing specific buildings (e.g., different levels within a building). Mo et al. (2017) implemented text mining into the data collected from service requests to develop a tool which can automatically predict the reaction type (emergency vs. routine) and necessary crew. They compared the performance and accuracy of three different algorithms. Developing requirements to provide more useful data when submitting a work order request may improve the performance of the tested models. Yang and Ergan (2017) focused on HVAC by exploring required information that should be stored in BIM to identify the cause of the problems and automate HVAC troubleshooting for different types of maintenances. The study is a good example of information requirements for storing relevant data to meet FM needs. 
Yoon et al. (2021) proposed a strategy to address the prioritization of deferred maintenances based on reliability determined from evaluating building, system, components, subsystem model, and total system evaluation. They believe that their proposed strategy can support budget allocation while diagnosing building conditions. Ali and Hegazy (2014) proposed a framework for prioritizing subsystems addressing the allocation of capital renewal funding in hospitals. They developed a priority index based on zones, systems, service quality, and performance of subsystems according to condition, level of service, sustainability, risk of failure, or combination of them. Poor facility performance is mainly due to cost constrains, lack of funding, budget cuts, and poor maintenance management (Besiktepe et al., 2020; Eweda et al., 2015); therefore, excluding budget and funding can negatively impact facility management. 
Besiktepe et al. (2020) identified and ranked a set of general criteria for developing a multi criteria decision-making model to address lack of condition assessment practices, aging workforce, and resource allocation. Their study also highlights the differences between criteria ranking among public and private sectors and therefore, the authors recommended studying the criteria and their associated rankings for different types of facilities. Their study also highlighted the dependency on expert knowledge and aging workforce as existing challenges that require further consideration. The extent of knowledge and experience of the staff who analyze the service requests can influence the work order processing (Cao et al., 2015; Tam et al., 2017). Lack of knowledge about asset performance will lead to errors and asset failure, impacting the cost of O&M (Salem & Elwakil, 2018), causing extreme revenue loss every year (Bayasteh et al., 2019), and impacting occupants’ safety and satisfaction (Cao et al., 2015). Furthermore, due to aging workforces, the individuals responsible for processing work orders retire. Consequently, their expertise and knowledge will leave with them and may not be transferred to their replacement individuals. 
Lau et al. (2021) implemented a user-driven approach for evaluating the performance of sport facilities based on users’ preferences to determine the performance hierarchy of swimming pools. The result of their study reveals the importance of different services in relative to each other (e.g., building services vs. architectural aspects) which can support the priority of the resources and tasks that should be performed. Islam et al. (2019) explored the difficult building assets and elements to operate and maintain in addition to factors, assets, and elements which cause increased FM cost. Cost and difficulty of maintenance are two factors that may help with identifying the criticality of assets when prioritizing the work orders. Based on their findings, design errors, low maintenance quality, lack of maintenance plan and clear understanding of FM operation negatively impacted costs. Additionally, they selected roofs, construction joints, façades, HVAC, and sewer lines as difficult elements to operate and maintain. Wang and Piao (2019) used maintenance type and risk assessment in terms of reliability, maintainability, economy, and detectability to prioritize maintenance tasks for equipment components. Type of maintenance is one significant factor that can impact the criticality of an asset for prioritizing work orders, however, it is not necessarily considered when prioritizing work orders. Furthermore, considering the entire facility system as well as the association between different equipment for prioritizing the work orders was recommended by the authors for future research. 
Eweda et al. (2015) created a hierarchy based on building type, space type, building categories, building systems, family type, and instance level (component properties) to develop a condition assessment model. Their study can be used towards selecting criteria for assigning criticality to the assets. Beauregard and Ayer (2019) explored the relationship between facility condition and academic outcomes for K-12 education. To enhance the facility condition, they prioritized work orders for routine maintenances based on four factors of influenced group, building status, building usage, and institutional enablers. Considering comprehensive list of factors as well as major repairs such as emergency or critical breaks is critical for developing practical solutions. 
Chen et al. (2018) combined BIM with FM systems to visualize work order information in BIM and prioritize and schedule routine maintenance tasks based on optimal distance, problem type, emergency level, and location. Providing access to accurate information is significant part of work order management highlighting the importance of development of data requirements to support such approaches. While researchers have explored the integration of BIM into FM processes to enhance the execution of work orders by providing access to data and visualizations (Ensafi et al., 2022; Kassem et al., 2015), other studies have highlighted the lack of standardized approach and data requirement as a challenge for BIM integration. Matarneh et al. (2019) reviewed the studies published on implementation of BIM for FM and they highlighted the need for standardized practical processes in order to be able to integrate various sources of information and provide a useful database supporting FM systems. Their results also mark the facilities information management as the main challenge in existing practices which require further consideration in terms of providing guidance addressing FM information requirements. Jang and Collinge (2020) explored the challenges with implementing BIM into FM processes, and they highlighted the significance of the involvement of facility professionals from the start for determining necessary information for BIM-FM asset integration and defining information requirements.
Although different external factors may influence the process of prioritizing work orders such as the role of individuals in the facility, there are also internal factors that affect how individuals prioritize a set of request orders. Making decisions and responding to many requests demand intensive labor hours and are impacted by subjective judgments (Chong et al., 2019) and human errors such as underestimating an important criterion for processing work orders.  Late responses can cause asset failure, which will negatively impact the environment, safety, and occupants’ satisfaction (Bouabdallaoui et al., 2020; Mo et al., 2017; Salem & Elwakil, 2018). 
Strategic decision-making requires individuals to select an optimal alternative from a set of available options. The alternatives often have various attributes complicating the decision-making process. Nevertheless, it is not possible or realistic to select one attribute for each alternative and based on psychological studies; humans cannot reliably compare multiple pairwise alternatives simultaneously due to information overload (Hollnagel & Woods, 2005). Consequently, overloading human operators with information negatively impacts their decision-making process (Dixit, 2018). Furthermore, insufficient information (missing or discarded information) can be challenging as it forces the operator to interpret and decide from a limited amount of information (Hollnagel & Woods, 2005). Availability of insufficient information (information underload) or excessive information (information overload) can impact cognitive workload leading to coping strategies (Table ‎2) to overcome and complete the assigned tasks (Hollnagel & Woods, 2005). Factors such as time restrictions or task complexity may also lead to coping strategies which are accelerated with insufficient information or data overload (Hollnagel 2011). As a result, high cognitive load can negatively impact working memory, performance efficiency, and executive functions (Mandrick et al., 2016; Galy et al., 2012). There is a need for reducing cognitive workload to allow operators and FM staff to focus on critical thinking by transferring their attention to knowledge intensive tasks rather than routine processes (Ensafi et al., 2021).
[bookmark: _Ref100745991]Table 2. Coping strategies (Hollnagel & Woods, 2005)
	Information overload/ underload
	Strategy
	Description

	Overload
	Omission 
	Temporary, arbitrary non-processing of information, some input is lost

	Overload
	Reduced
precision
	Trading precision for speed and time (shallower reasoning)

	Overload
	Queuing
	Delaying response during high load on the assumption that it will be possible to catch up later

	Overload
	Filtering
	Neglecting to process certain categories (non-processed
information is lost)

	Overload
	Cutting
categories
	Reduce the level of discrimination; use fewer grades or categories to describe input

	Overload
	Decentralization
	Distributing processing if possible

	Overload
	Escape
	Abandoning the task, giving up completely

	Underload
	Extrapolation
	Existing evidence is stretched to fit a new situation

	Underload
	Frequency
gambling
	The frequency of occurrence of past events is used as a basis for recognition/selection

	Underload
	Similarity
matching
	The subjective similarity of past to present events is used as a basis for recognition/ selection

	Underload
	Trial-and-error
(random
selection)
	Interpretations and/or selections do not follow any systematic principle

	Underload
	Laissez-faire
	An independent strategy is given up in lieu of just doing
what others do


Decision-makers may also be impacted by the different cognitive biases. These biases may impact their interpretation when making strategic decisions (Schwenk, 1985). Table 3 summarizes eight critical biases identified from analyzing relevant literature.
[bookmark: _Ref100656368][bookmark: _Toc100743902]Table 3. Cognitive biases
	Biases
	Description
	Reference

	Prior Hypotheses / Judgements of Correlation and Causality
	Being impacted by previous formed beliefs or hypotheses disregarding other evidence
	Schwenk (1984)
Barnes (1984)

	Representativeness
	Ignoring evidence reliability and having complications integrating different sources of information
	Tversky & Kahneman (1974)
Barnes (1984)

	Focusing on Limited Targets
	Ignoring other objectives/alternatives that are not appealing which is further impacted by the complexity of the environment
	Das & Teng (1999)
Schwenk (1984)

	Exposure to limited Alternatives
	Focusing and relying on limited number of alternatives that are based on incomplete information
	Das & Teng (1999)

	Insensitivity to Outcome Probabilities
	Ignoring historical data and probability of previous events perceiving each problem as a unique problem
	Das & Teng (1999)

	Illusion of Manageability
	Overestimating judgment and control due to overconfidence in managers
	Barnes (1984)
Das & Teng (1999)

	Availability
	Evaluating the frequency or probability of events based on the ease of recalling the event 
	Tversky & Kahneman (1974)

	Adjustment and Anchoring
	Depending on initial information and adjusting it to the situation leading to ignorance of other possible options
	Tversky & Kahneman (1974)


Ensafi and Thabet (2021) reviewed the existing challenges with FM maintenance practices and proposed a conceptual framework addressing the challenges. The framework includes a common database connecting different FM practices to support continuous data collection and interoperability. They highlighted the importance of defining data requirements to increase consistency in data collection and exchange through different maintenance practices. They also marked adjusting and updating systems as an important factor to provide practical solutions over time. Shalabi and Turkan (2017) integrated BIM with FM systems in order to support access to data while also allowing FM professionals to locate the elements within the 3D space. Their proposed approach provides access to information regarding previous failures stored in the BIM model reducing the time for determining the failure causes. Such approach highlights the importance of systematic data collection following the maintenance tasks completion in order to support future work orders more efficiently. Cao et al. (2014) developed an agent-based framework to prioritize work orders based on impact on comfort of occupants and energy consumption. Their research highlights the importance of response time on the satisfaction of the occupants and thus, a significant aspect to consider for addressing service requests. Furthermore, they highlighted the significance of understanding and capturing the root causes of maintenance problems and level of difficulties in addressing issues as they can greatly impact the repair time. Brundage et al. (2019) emphasized the need for and importance of updating and adjusting the FM systems with data as maintenance requires access to accurate asset information. 
[bookmark: _Toc100743846][bookmark: _Hlk118841597]3. Methodology 
[bookmark: _Hlk97668454]3.1 Objective
This paper utilizes a qualitative research methodology to collect data about the existing practices for processing work orders, capture criteria used for prioritization, identify biases in strategic decision-making, and identify gaps and challenges in each stage of the work order processing. The research approach comprises an in-depth literature review and analysis followed by a series of unstructured and semi-structured interviews. The interviews were conducted in accordance with the institutional review board (IRB) protocol IRB-21–731 submitted to IRB at Virginia Tech. Fig.2 summarizes the methodology steps used and the following outlines the steps taken to conduct the study:
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Fig. 2. Methodology steps
1- An in-depth literature review was conducted to review prior studies that discussed work order processing industry practices. The study analyzed the literature to determine the gaps and challenges identified in such practices 
2- Unstructured interviews with industry experts were conducted to acquire more detailed knowledge regarding their current practices and prepare a set of guiding questions for conducting a second round of interviews that were semi-structured.
3- Semi-structured interviews were conducted with a larger pool of industry experts to capture additional industry practices for processing work orders, identify gaps and challenges in the process and determine biases and coping strategies. The guiding questions were used to guide the discussion in this step. Results from analyzing the interviews were analyzed and compared with those identified from the literature.
3.2 Qualitative Approach
[bookmark: _Hlk118829521]Qualitative research is “the systematic inquiry into social phenomena in natural settings” (Teherani et al., 2015. P669) including how individuals and organizations function, how events occur, what is the reason behind the events, and what are the opinions of individuals in regards to those events (Teherani et al., 2015). Qualitative methods allow interpreting the events and phenomena (Denzin et al., 2006).  
	Steps 2 and 3 above utilized a qualitive approach to capture required knowledge. This involved two unstructured interviews and fifteen semi-structure interviews. The unstructured interviews were conducted to gain an understanding of the existing industry practices and prepare a set of guiding questions to be used for the semi-structured interviews. The semi-structured interviews were conducted to further investigate the industry practices, identify gaps and challenges, and determine the similarities and differences between literature and industry practices. Table 4 summarizes the qualitative approach of this research.  
[bookmark: _Ref118825500]Table 4. Summary of the qualitative approach
	Qualitative Approach
	Objective
	Outcome

	Unstructured Interviews
	Acquire understanding
	Guiding questions for semi-structured interviews

	Semi-structured Interviews
	Investigate industry practices in terms of processing work orders
	Gaps and challenges with existing practices, biases and coping strategies, similarities and differences between literature and existing industry practices


[bookmark: _Hlk118829535]	A qualitative study using interviews was selected for various reasons. First, unstructured interviews allow exploring a topic broadly using only a few guiding questions. Second, using interviews helps with diving deeper into each practice to gather detailed information regarding the existing practices as well as their gaps and challenges. Third, it allows collecting different perspectives and thus more holistic extraction of opinions to recognize and determine patterns and themes within existing practices. Such approach results in common understanding of the existing processes. Fourth, results can be organized into different stages and categories to provide better understanding of each stage as well as the relationship between different stages. Fifth, it provides the opportunity to test the results using quantitative methods in future studies (Leung et al., 2017; Tenny et al., 2017, Terreno et al., 2015; Scupola, 2012).
	A non-random purposive sampling approach was used to recruit participants for the interviews to select individuals involved in processing work orders. Since the interviews included observations and based on the concept of saturation (Marshal et al., 2013; Mason, 2010), a total of seventeen participants (Fig.3, Fig.4), eleven males and six females, were recruited through professional connections of the authors or recommended by individuals working in facilities. Their roles ranged from being a facility manager to the director of the facility and executives. The majority of the participants were located in the states of Virginia, Denver, and California. Such approach allowed including participants with different backgrounds to capture different practices
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Fig 3. Facility type, facility location, and role of participants
	[image: Bar chart

Description automatically generated with medium confidence]
Fig 4. Gender and recruiting method
The following section provides a more detailed discussion on the research mythology steps.
3.3 Research Steps	
The interviewees were contacted between September 2020 and March 2022 through email. All interviews were conducted through video conferencing, and each took about an hour. This research was conducted using the following steps:	
Step 1: Related literature reviewed was identified and analyzed to determine existing gaps and challenges in industry practices for processing work orders (Table 5). The analysis also identified criteria used to rank work orders (Table 6). The areas identified from the literature (e.g. criteria used for processing work orders, hiring experienced individuals to perform the tasks, etc.) were used as the basis for conducting the unstructured interviews (step 2). This allowed to collect more detailed information and compare current industry practices with those reported in the literature in prior studies. Furthermore, as the goal of the research was to consider the connection between different stages of work order processing, additional areas such as data overlap between different work order processing stages were considered during the interviews (steps 2 and 3). 
	Step 2: Two unstructured interviews were conducted with two facility managers involved in processing work orders from two academic institutions. The interviews were conducted individually through video conferencing, and each took about an hour. The format was a general open discussion involving unstructured questions and focused on discussing the process of prioritizing work orders and creating schedules. The interviewees were asked to describe their practices in terms of processing work orders, explain the actions taken in each stage of work order processing (e.g., information collected through work order requests, criteria used for prioritization, task assignment to the maintenance staff, actions taken following the completion of the maintenance tasks), discuss the challenges they face in each stage, describe their future plans for enhancing their practices, and provide possible suggestions for improving the process. 
	The information from the unstructured interviews were analyzed and used in combination with results from the literature review to prepare a set of guiding questions and core concepts to ask about (Table 7)  ‎to use in the semi-structured interviews. The questions were developed based on findings from the literature review (e.g., biases and coping strategies) as well as the details provided from the unstructured interviewees including industry practices (e.g., criteria selection, type of maintenances considered and so on), significant points highlighted by the interviewees (e.g., importance of adjusting and updating the system over time), and challenges and gaps determined by the authors from interview results (e.g., data format). The guiding questions were validated with one of the industry experts to get their feedback, ensure the practicality of the questions for addressing the goals of the research and correctly reflect what was discussed during the interview. 
Step 3: Fifteen (15) semi-structured interviews were conducted with industry experts from different facility sectors including higher education, commercial, healthcare, government, and a software company, and involved in processing work orders. Similar to the unstructured interviews, these interviews were conducted through video conferencing and each interview took about an hour. The interviews covered utilized the guiding questions formulated but also allowed the participants to discuss other points if needed and move the conversation in any direction of interest that may come up. This allowed including a wide range of perspectives while covering various practices taken for processing work orders. Participants were asked to prioritize a set of work orders and describe their logic and approach in processing them to identify possible limitations. As part of the interview process, a sample set of work orders was provided to the interviewees and they were asked to prioritize the tasks. Observations of how each expert processed and prioritized the list was recorded to capture best practices. The information collected from the semi-structured interviews was analyzed using a deductive qualitative coding approach. Results identified were categorized based on the stages of work order processing. 
There are different perspectives on the reliability and validity of data collected through qualitative studies. While some researchers believe that reliability requires measurements and is not related to qualitative studies, others have suggested using trustworthiness, credibility, neutrality, and consistency instead of reliability and validity (Golafshani, 2003). Noble and Smith (2015) suggested the following strategies for addressing the trustworthiness and credibility of qualitative studies: a) acknowledging personal biases as well as biases in sampling, data collection, and analysis; b) considering and including different and similar perspectives; c) clear description of the process; d) sharing and discussing the interview questions and process with other researchers; e) data triangulation; f) collecting details of the context.
[bookmark: _Hlk118829577]To address reliability and validity of the interviews, the researchers took the following steps. First, the researchers selected individuals based on their roles in the facilities to include participants involved in processing work orders. Second, semi-structured interviews increased data collection consistency since the questions were almost the same across all interviews. Third, recruiting participants from five different industry sectors allowed including a broader range of perspectives. Fourth, the process taken for sampling, data collection, and analysis is described in detail. Fifth, the questions developed for interviews were discussed with other researchers as well as a FM expert to ensure their practicality. 
[bookmark: _Toc100743847]4. Analysis and Results
4.1 Analysis of Literature
[bookmark: _Hlk118823963]A descriptive analysis was used to investigate different practices for processing work orders and identify the challenges and the gaps within each stage of processing work orders (Paré et al., 2015). Table 5 provides a summary analysis of the challenges and gaps identified through the literature reviewed and categorized by the three stages of the work order processing: data for service requests, prioritizing work orders, and collecting information following the completion of the maintenance tasks. Each reference reviewed was analyzed for gaps and challenges and these were captured and listed under the corresponding stage of work order processing. Based on the analysis of literature reviewed, the gaps and challenges in processing work orders (Table 5) were identified.
[bookmark: _Ref111377754][bookmark: _Ref100408982]Table 5. Challenges and Gaps 
	Challenges and Gaps
	Reference
	Stage1
	Stage2
	Stage3

	Lack of data requirements for capturing work orders
	D’Orazio et al. (2022)
Bouabdallaoui et al. (2020)
Mo et al. (2017)
	x
	
	

	Classified hierarchy to capture system/components for the requests
	Bouabdallaoui et al. (2020)

	x
	
	

	Inconsistency in keywords of issue descriptions
	Besiktepe et al. (2019)
	x
	
	

	Overlooking Client/occupant/owner’s request 
	D’Orazio et al. (2022)
	x
	
	

	Classified hierarchy to process work orders
	Eweda et al. (2015)
	
	x
	

	Lack of comprehensive list of factors
	Beauregard & Ayer (2019)
	
	x
	

	Developing standard rules and guidelines for capturing and storing data in BIM to support work order processing
	Yang & Ergan (2017)
	
	x
	

	Significance of FM professionals’ involvement in developing BIM data requirements
	Jang & Collinge (2020)
	
	x
	

	Integration of BIM into FM processes to enhance the execution of work orders
	Ensafi et al., 2022
Kassem et al., 2015
	
	x
	

	Need for standardized practical processes for BIM implementation in order to be able to integrate various sources of information
	Matarneh et al. (2019)
	
	x
	

	Cognitive overload impacting the user’s performance   
	Galy et al. (2012)

	
	x
	

	Coping strategies resulted from information underload/overload
	Hollnagel & Woods, 2005
	
	x
	

	Time restrictions or task complexity leading to coping strategies
	Hollnagel, 2011
	
	x
	

	Not breaking down maintenance activities for processing work orders (low level of details)
	Besiktepe et al. (2019)
	
	x
	

	Considering organizational needs when identifying and prioritizing the list of influential criteria
	Besiktepe et al. (2020)
Chong et al. (2019)
Yang et al. (2018)
	
	x
	

	Considering the entire facility system as well as the association between different equipment
	Wang & Piao (2019)
	
	x
	

	Considering the source of funding and funding mechanism
	Sadeghi et al. (2018)
Ali & Hegazy (2014)
	
	x
	

	Criteria selection and ranking based on facility type
	Besiktepe et al. (2020)
	
	x
	

	Decision-makers may be impacted by different cognitive biases
	Schwenk (1985)
	
	x
	

	Delays in processing leading to asset failure and downtimes
	Hong et al. (2020)
Salem & Elwakil (2018)
	
	x
	

	Dependency of work order processing on staff experiences and extent of knowledge
	Cao et al. (2015)
Tam et al. (2017)
	
	x
	

	Understanding and identifying costly assets
	Islam et al. (2019)
	
	x
	

	Excluding budget
	Yoon et al. (2021)
Besiktepe et al. (2020)
	
	x
	

	Considering different types of maintenance
	Chen et al. (2018)
Beauregard & Ayer (2019)
Wang and Piao (2019)
	
	x
	

	Focusing on single maintenance tasks/work crew
	Chen et al. (2018)
	
	x
	

	Not considering major repairs such as emergency or critical breaks
	Beauregard & Ayer (2019)
	
	x
	

	Number of staff available for processing Wos
	Beauregard & Ayer (2019)
	
	x
	

	Considering Client/occupant/owner’s satisfaction
	Lau et al. (2021)
Mo et al. (2017)
Cao et al. (2015)
Pin et al. (2018)
	
	x
	

	Understanding, capturing, and storing the root causes of maintenance problems
	Cao et al. (2014)
Shalabi & Turkan (2017)
	
	
	x

	Determining costly assets to operate
	Islam et al. (2019)
	
	
	x

	Discontinuous data collection
	Ensafi & Thabet (2021)
	
	
	x

	Identifying assets that are difficult to maintain
	Islam et al. (2019)
	
	
	x

	Multiple data entry/ data duplication
	Chekryzhov et al. (2018)
	x
	
	x

	Inconsistency in data input and structure
	Yang & Bayapu (2019) 
 Lukens et al. (2019)
	x
	
	x

	Generalizing one solution to different types of facilities
	Besiktepe et al. (2020)
Chong et al. (2019)
	x
	x
	x

	Interoperability issues
	Yang & Bayapu (2019)  
	x
	x
	x

	Lack of defined (unclear) organizational priorities and goals to remove subjective judgements
	Chong et al. (2019)
	x
	x
	x

	Lack of information requirements
	Yang & Ergan (2017)
Lavy et al. (2019)
Lukens et al. (2019)
	x
	x
	x

	Need for a common database to connect different stages
	Ensafi & Thabet (2021)
Farghaly et al. (2018)
	x
	x
	x

	Update and adjust the system/ software used through the building lifecycle
	Brundage et al. (2019) Martínez-Rojas et al. (2016)
	x
	x
	x

	Update information through the building lifecycle
	Volk et al. (2014)
	x
	x
	x


[bookmark: _Ref91172667][bookmark: _Ref98344257][bookmark: _Ref111377761][bookmark: _Ref100317767][bookmark: _Hlk111667688]As part of the step one of the methodology, the literature was analyzed for criteria used (Table 6) by different studies to prioritize work orders (stage 2). 
[bookmark: _Ref111538375]Table 6. List of criteria
	Criteria
	Reference

	Aesthetic
	Smith & Stewart (2007)

	Budget
	Besiktepe et al. (2020)

	Building age
	Besiktepe et al. (2019)

	Building/space type
	Beauregard & Ayer (2019)
Eweda et al. (2015)

	Codes and regulations
	Besiktepe et al. (2020)

	Cost of maintenance 
	Selim et al. (2016)

	Energy usage 
	Cao et al. (2015)

	Emergency level
	Chen et al. (2018)

	Historical\cultural value 
	Dann et al. (2006)

	Influenced group
	Beauregard & Ayer (2019)

	Level of risk
	Wang & Piao (2019)

	Maintenance duration 
	Besiktepe et al. (2020)

	Occupants’ preferences\satisfaction
	Cao et al. (2015)
Lau et al. (2021)

	Optimal distance
	Chen et al. (2018)

	Problem type
	Bouabdallaoui et al. (2020)
Chen et al. (2018)

	Remaining life cycle
	Bayesteh et al. (2019)

	Safety 
	Salem & Elwakil (2018)

	Severity of failure/emergency
	Chen et al. (2018)

	Source of funding
	Sadeghi et al. (2018)	

	Sustainability 
	Ali and Hegazy (2014)

	Systems/ Subsystem
	Yoon et al. (2021)
Eweda et al. (2015)
Ali & Hegazy (2014)

	Type of building/space
	Beauregard & Ayer (2019)
Eweda et al. (2015)

	Type of maintenance
	Wang & Piao (2019)

	Zone
	Ali & Hegazy (2014)


[bookmark: _Toc100743848]4.2 Interview Questions 
[bookmark: _Hlk118824047]Based on the unstructured interviews conducted, a set of questions (Table 7) was prepared addressing practices at the different stages of work order processing. The questions were focused on identifying the criteria and gaps and challenges in the three stages. The developed questions were intended to facilitate the semi-structured interviews discussed in the next step
[bookmark: _Ref111377791][bookmark: _Ref100657249][bookmark: _Toc100743905]Table 7. Questions developed for semi-structured interviews
	Questions
	Background
	Stage1
	Stage2
	Stage3

	What is the type and size of your organization?
	X
	
	
	

	What information do you collect from the work orders requested? 
	
	X
	
	

	What types of maintenance do you consider? 
When do you identify the type of maintenance in your process?
Are there different processes for different types of maintenance?
How is the individual(s) responsible for processing and prioritizing work orders selected?
How do you manage the emergency work orders?
How often do you prioritize the work orders?
What criteria do you use for prioritizing work orders?
Please prioritize the list of work orders provided and describe your logic.
Based on the definitions of biases and coping strategies, could you provide examples in maintenance work order processing?
	
	
	X
	

	Do you collect information following the completion of the maintenance task? What information do you collect?
	
	
	
	X

	Do you use any specific system for receiving and/or processing work orders?
What is the workflow for processing work orders in your facility?
	
	X
	x
	

	How is the process of prioritizing work orders and its associated information updated?
What are some of the challenges in your practices that require further consideration?
What suggestion do you have for enhancing this process?
	
	X
	x
	x


[bookmark: _Toc100743849]4.3 Analysis of Semi-Structured Interviews
Following interviews with industry experts, a qualitative data analysis was conducted to identify similarities, differences, and challenges and gaps among existing industry practices. A proper data analysis should consider both the details and the big picture at the same time. Analysis of the information captured from the interviews was completed in the following two steps.
Step-1: A narrative analysis was conducted following data collection from each interview to understand the existing industry practices, the criteria used for prioritizing work orders, data requirements, and the challenges and gaps with existing processes. 
Step-2: A deductive qualitative coding approach (Table 8) was selected to categorize the data collected from the interviews based on personal interpretations. Coding and classification of data have been highlighted as the most common procedure for analyzing data collected from qualitative studies (Habib et al., 2012). Coding can be used to assign texts to a category allowing researchers to continuously compare the information, identify the similarities, differences, and patterns within the data collected, and determine their relationship with the research questions (Belotto, 2018; Habib et al., 2012; Trochim & Donnelly, 2001). 
[bookmark: _Ref111377830][bookmark: _Ref90567038][bookmark: _Ref90567030][bookmark: _Toc100743906]Table 8. Examples of qualitative coding approach
	Statement
	Code
	Definition

	“Their knowledge about the campus and all the buildings is important. They are usually selected from the staff who do the building assessments since they have the knowledge and experience.”
	Staff selection based on experience
	Staff are selected based on experience

	“The administrator supervisor processes the work orders, and he/she might be trained or not.”
	Training staff
	Staff may or may not be trained for performing the task

	“We collect the date, subject, description, assigned to, action dates, and when it was closed”
	Data requirement for service requests
	The facility has data requirements for receiving service requests

	“We only collected the description of the issues in a text format”
	[bookmark: _Hlk100740352]No data requirement for service requests
	The facility doesn’t have data requirements for receiving service requests

	“We process and prioritize all types of work orders together”
	Work order prioritization at top level
	Tasks are assigned to the maintenance crews after prioritizing the work orders

	“The work order is assigned to a group then the people in the group will prioritize them”
	Work order prioritization at shop level
	Work orders are assigned to the related crew to be prioritized at the shop level


[bookmark: _Toc100743850][bookmark: _Hlk100662134]4.4 Summary of Existing Practices
From the interviews, it was realized that while some facilities required specific inputs from the individuals requesting work orders, other facilities only collected a description of the issue in text format. Common factors collected from the service requests included: requestors’ information and their contact number, date, building name/number, location/room, and request/issue. Other factors considered by different facility managers included: type of requests, system/asset type, occupant, category, desired date, excluded dates, action dates, any specific asset/equipment if it is known, a budget code/ financial source, and safety. 
[bookmark: _Hlk100662521]In terms of software used for receiving and processing work orders, operators of large facilities tend to use an integrated workplace management system (IWMS) or commercial FM software such as AiM by AssetWorks while others used in-house proprietary software to create a more customized solution. Some facilities used their system for capturing, processing, and scheduling work orders (e.g., preventive maintenances) while others used the system only for capturing information.
Almost all participants indicated that they selected the responsible person for prioritizing work orders based on their experience, knowledge of the facility, and familiarity with the shops. While they highlighted the possibility of training, only three indicated that they provide training for preparing individuals for this role. One of the participants also highlighted the significance of staff understanding in terms of how to use FM system to its optimum capabilities. The number of individuals involved in processing work orders varied based on facility size.
[bookmark: _Hlk100662685]Considering the type of work orders, some received all types of work orders and processed them all together while others had different procedures and, in some cases, had specific crews for different types of work orders. For instance, one institutional facility manager used a numeric system for prioritizing preventive maintenance tasks by assigning “criticality factor” to assets indicating the importance level of that asset in relative to other assets. However, their reactive/corrective maintenance tasks were processed manually and independently from preventive maintenance tasks. Participants from other facilities used a “criticality number” as time limit indicator for responding to work orders requested. For instance, a higher priority number indicated that the facility had 8 hours to respond to the work order, while a lower number allowed for a 30-day limit to respond. Additionally, not all facilities considered all types of maintenance. For those facilities which had different maintenance types, the type was selected based on manufacturer recommendations, inspections, required testing, or regulatory requirements. Few facilities were still in the infancy stages for implementing all types of maintenance including predictive maintenance.
[bookmark: _Hlk100662038]In terms of prioritizing the work orders, some facilities added the work order to the queue as they were received by the facility office while for others, work orders were processed daily or weekly (excluding emergency requests). Considering the level in which work orders were prioritized; some facilities assigned the maintenance tasks to crews after prioritizing the full list of work orders. In other words, work order prioritizations were done at the first level. Other facilities broke down their work orders into specific categories (such as mechanical, electrical) and assigned work orders under each category to the respective crew, which in turn performed their prioritizations at the shop level. 
[bookmark: _Hlk100662792]The common criteria used in industry were identified from the interviews and included due date, emergency level, safety, codes and regulations, location, cost, budget, space type, and failure frequency. The specific criteria used by the facilities included: area served, count of an asset, impact on the function of the space, building age, scope of work, funding, time of the request, deadline for the customer, zones, parts availability, role of the requestor, occupant type, energy usage/sustainability factors, cosmetic, maintenance duration, type of maintenance, crew availability, the severity of the failure, maintenance difficulty, and warranty. 
Although not all facilities collected data after performing the maintenance tasks, the following data were collected by some of the facilities: completion date, rate of completion, charge time and any parts purchase/taken from warehouse, cost of resources, number of tasks completed by the individual, difficulty with repair (e.g., access issue), and task duration.
[bookmark: _Toc100743851][bookmark: _Hlk95142410]4.5 Identified Gaps and Challenges
Based on the information collected from the interviews, various challenges and gaps at different stages of work order processing in industry practices were identified. The following section provides details of these gaps and challenges. 
Collecting enough information from a submitted service request to identify the possible issue was marked as one of the existing challenges. Not all facilities had a system dedicated to receiving work orders. In some cases, there were limited access to the system meaning that only facility staff could submit the work orders through the system while occupants had to submit their work orders through phone calls or emails. In cases which the facilities had systems for receiving work requests from everyone, most of the participants indicated that they still received requests through phone calls, emails, or even walk ups which made it difficult for them to capture a record of the issues that occurred. On the other hand, receiving requests through the facility system had its own challenges. In cases when the only input provided by the requestors was the description of the issue in textual format, staff had challenges with identifying the issue as descriptions were short, insufficient, and unclear. In cases where facilities requested specific information about the work orders submitted (e.g., location, possible system involved), the requestors were not necessarily required to fill out all the information requested. Furthermore, there were no documented standard to help facilities in determining information requirements for capturing requests that could support work order processing. Such approaches increased the time for processing work orders since in some cases, they had to contact the requestors a few times to receive details, identify the issue, and plan accordingly. Delayed responses could also lead to asset failures and increased cost of operation. 
Although preventive and predictive maintenances can positively impact the FM and the quality of their services, not all facilities considered these types of maintenances. Furthermore, while some facilities used their management system to process or schedule specific types of work orders such as preventive maintenance, other facilities used the system only for capturing information. The processing and prioritization of work orders in such facilities were still done by facility staff or shops. 
The list of criteria used for prioritizing work orders and their associated rankings were not consistent nor comprehensive. The criteria were selected by the person performing the task and therefore, the logic and knowledge behind the prioritization were not captured and were not used by others. Lack of requirements for determining the list of criteria and their associated ranking increased the inconsistency as individuals could select different sets of criteria or different ranking orders each time they had to process a list of work orders. Furthermore, inconsistency in processing and prioritizing work order existed among staff within the same facility impacting the final schedule. Some facilities did not consider prioritization and they addressed their work order tasks in the order that they were received unless they were emergency requests or involved high-value assets.
After ranking a list of criteria, interviewees were asked to rank a list of work orders given to them during the interview. It was realized that some of the factors they used were not included in the list of criteria that they initially provided for prioritizing work orders. These factors included: distance from shops, the magnitude of the issue (e.g., amount of leakage), parts availability, type of maintenance since different crews were responsible for different types of maintenance, task duration, count of an asset (e.g., one generator vs. few generators), and the number of occupants in the space impacted by the maintenance task. In some cases, the ranking of work orders by participants differed from the original ranking response they provided when presented by the set of questions. For example, the distance to maintenance location was given a low priority by participants when responding to questions asked early in the interview but received a higher priority when participants ranked the sample work orders provided. Such inconsistencies proved the importance of capturing knowledge and best practices from experts while they actually perform their tasks. 
Participants also emphasized that due to the large amount of work orders submitted daily, staff could be impacted by cognitive workload or biases.  Negatively affecting their processing ability and performance. As a result, individuals might avoid, underestimate, or miss using a significant criterion for processing work orders. Table 9 presents a summary of coping strategies and biases provided by the interviewees.
[bookmark: _Ref100749104][bookmark: _Toc100743907]Table 9. Examples of cognitive biases and coping strategies in work order processing
	Bias/coping strategy
	Example 

	Similarity
matching
	Assuming that the problem is same as the issue that was raised previously for similar assets produced by the same manufacturer.

	Extrapolation
	There were issues with automatic locks in building xx as well, so we assumed it was related to electricity interruptions.

	Filtering
	Many false alarms occurred previously in the same location leading to ignorance for new ones.
Because of the budget cuts & limited resources certain steps in the condition assessment might be neglected.

	Exposure to limited Alternatives
	Decision on the material/technique with a limited number of quotes. Ex: Lighting fixture change decision from conventional to LED with the quote of one manufacturer or limited number of manufacturers.

	Queuing
	Small tasks such as light bulb change or a minor plumbing issue can be neglected during the high load. It mostly ends up with more significant issues such as safety.

	Prior Hypotheses / Judgements of Correlation and Causality
	Not considering other indicators. For example, the system works perfectly but occupants don’t know how to manage the system.


It was also realized that data was not collected consistently and continuously through all stages of work order processing including following the completion of maintenance tasks. Although some facilities collected such data (e.g., rate of completion), other facilities did not require it missing on the opportunity to benefit from data collected that could inform and aid in future decision-making. For example, capturing detailed data after completing a work task for a hot water pump being repaired or maintained, such as number of hours spent on the task and the number of field staff involved, can greatly help with processing similar future work orders. From the interviews, it was realized that such information was not collected by many facilities or was collected with very little detail. Due to lack of formal guidelines specifying what to collect and how the data should be captured, data collected was sometimes irrelevant and did not necessarily address the needs of processing and prioritizing similar future work orders. Understanding the overlap between data collected following the maintenance tasks and data used for processing work orders can assist with developing requirements to collect comprehensive and consistent information to support future work order processing.
In general, data quality and data structure within the facility systems were marked as the main challenges they faced. Additionally, there was a lack of connectivity between different systems (e.g., finance, diagnostic) used by the facility as well as different stages of processing work orders hindering the possibility of benefiting from the data collected. Not considering the big picture and the association between the different stages restricted the development of requirement guidelines for data to be captured. This led to inconsistency in data collection and processing among different individuals and facilities.
[bookmark: _Toc100743852]5. Analyzing Work Order Processing Best Practices in Literature and Industry Interviews
[bookmark: _Hlk97485472]In this paper, the authors identified and highlighted the current best practices for processing work orders as well as the challenges and gaps associated with performing this critical task.  This was accomplished through comparison between review of the literature and unstructured and semi-structured interviews. Exploring different types of facilities and practices allowed the authors to identify similar and diverse challenges in processing work orders. Investigating different stages of work order processing also allowed for identifying challenges associated with each stage and with better understanding of connectivity and data requirements overlap between all the stages. This can lead to a consistent and continuous data collection to improve on current best practices.
Results from both literature reviews and interviews indicated that there was inconsistency in data input and structure as well as a lack of interoperability and connectivity between different systems used by the facilities. This becomes more important when considering the integration of other sources such as BIM. Additionally, lack of information requirement as well as a demand for updating and adjusting the facility system and information through the building lifecycle were highlighted by both literature and interviews. Lastly, both sources marked the importance of capturing the root causes of maintenance problems for addressing future work orders. The interviews also marked the importance of considering the connection between different stages of work order processing when implementing a system and developing guidelines and data requirements. Such approach eliminates data duplication and time spent for understanding and analyzing the data. 
Although the literature had defined a classified hierarchy to be able to capture the system and component associated with a request, the interviews highlighted the positive impact of such classification only if the hierarchy is the same across all the buildings managed by the same facility. While previous studies had highlighted the importance of determining organizational goals for identifying and prioritizing a list of criteria for processing work orders, the interviewees focused on their organizations’ best practices. For example, few studies used the asset system type as a criterion because they considered prioritizing all work orders together. However, results from interviews showed that some facilities sent the work orders to the related shop asking them to prioritize the orders within their own department. Furthermore, while the literature review presented work order processing for all work order received by the facilities, the interviews indicated that facilities had different procedures for different maintenance types. Considering different practices impacts the development of information requirements that are flexible and applicable to different practices. 
While the literature review presented different criteria selection based on the goal of the research, interviews showed that criteria selection and ranking varied among individuals and facility types and it was not consistent nor comprehensive. The variability existed among individuals within the same facility as well. However, to investigate the actual impact of facility type on criteria selection, more data needs to be collected. Additionally, the impact of other factors such as facility size and years of the experience of the individuals performing the processing task should be studied. While the focus of previous studies was on selecting criteria by subjective input, interviews highlighted the possible differences in criteria selection and ranking when performed in context. This can be counted as a positive impact as studying the existing practices will provide the actual list of criteria used as well as their ranking. However, it is also important to consider the impact of other factors such as cognitive biases and coping strategies when following such approach. Most of the studies included in the literature review focused on few criteria while interviews indicated that there are more criteria considered in practice depending on the experience and knowledge of the individuals performing the task. While the literature review highlighted the dependency of work order processing on staff experiences and knowledge, the interviews presented the use of a priority number for specific maintenance types or assets in some facilities. Addressing the association between different systems and assets was recommended by the literature and was confirmed to be a criterion used in actual practices from the interviews. While an asset might not have a high priority itself, its impact on another high priority asset or system can increase the priority of the work order for the low priority asset. Different studies considered the source of funding and occupant satisfaction as criteria for processing work orders. The interviews indicated that the consideration of source of funding depended on the type of maintenance or on the asset(s) being addressed. Additionally, the importance of occupant satisfaction depended on the type of facility as well as the role of the occupant.
While the review of literature provided background information on cognitive biases, cognitive workload, and coping strategies during strategic decision-making, the results of the interviews presented examples of biases and coping strategies in processing work orders. Identifying possible coping strategies and cognitive biases in work order processing can help with addressing some of the existing challenges such as defining data requirement and providing a list of criteria.
When asked about criteria used for prioritizing work orders, all the criteria previously listed and identified under literature were outlined by the participants during the interviews. Additional criteria were also identified that were not listed in literature review analysis Table 6. These criteria included area served, count of an asset, association between different equipment or systems, availability of staff to perform the task, availability of resources, distance from shops, end date, indoor environmental quality, Table 10 summarizes all the criteria identified from the interviews and the number of participants that have discussed these criteria. 
[bookmark: _Ref111538327]Table 10. Criteria determined from interviews
	Criteria
	Number of Participants

	Aesthetic
	2

	Budget
	8

	Building age
	3

	Building/Space type/Area served
	8

	Codes and regulations
	5

	Cost of maintenance 
	9

	Energy usage/ Sustainability
	6

	Influenced group
	3

	Level of risk
	5

	Maintenance duration 
	6

	Occupants’/customer preferences\Satisfaction
	7

	Optimal distance
	3

	Remaining life cycle
	5

	Safety 
	9

	Severity of failure/Emergency
	15

	Source of funding
	5

	Type of maintenance
	2

	Zone
	5

	End date
	2

	Count of an asset
	1

	Association between different equipment or systems
	7

	Availability of staff to perform the task
	6

	Availability of resources
	5

	Distance from shops
	1

	Indoor environmental quality
	4

	Maintenance difficulty
	4

	Number of occupants in the space
	2

	Role of the requestor
	1

	Magnitude of the issue
	4

	Time of the request
	1

	Warranty
	2


Most of the studies included in the literature review were focused on one stage of work order processing, while interviewees highlighted the importance of considering the connection between different stages. While most of the literature review studies were focused on the stage of work order processing, the interviews explored the data collected following the completion of the maintenance tasks and explore the data overlap between this stage and the work order processing stage. Although some interviewees indicated that they collected information following the completion of the maintenance tasks, the data collected was not necessarily useful for supporting the processing of future work orders. In order to develop practical solutions and define data requirement, facility professionals need to consider the big picture and study the data overlap between different stages as determined during the interviews. For example, maintenance duration was selected as a criterion by the participants for prioritizing work orders. This information should be collected following the maintenance tasks to support future work order processing.  Such approach can also support the integration of BIM as studies in the literature review indicated that storing and accessing information regarding previous maintenance tasks through BIM can support the processing of future work orders.
[bookmark: _Toc100743853]6. Conclusion 
This paper explored best practices for processing work orders and identified similarities and differences between information gathered from the literature compared to that captured from industry interviews.  The paper focused on identifying information required to complete a work order request, what criteria is used to prioritize each work order, and what additional information and observation that should be collected following the completion of each maintenance task that can inform and improve processing of future work orders. Through interviews, the paper also summarized possible interviewees’ biases and coping strategies that may impact their processing of work orders. 
A qualitative approach through interviews were selected for this study to gain deeper understanding of existing industry practices, understand how different facilities function in terms of responding and processing work orders, determine the patterns in existing practices to reach a common understanding, collect different perspectives and thus more holistic extraction of opinions to reflect on wider range of practices. In order to address the reliability and validity of the interviews, interviewees were selected based on their role and involvement with work order processing and were recruited from different facility types. Furthermore, the questions developed for the semi-structured interviews were discussed with other researchers and FM experts to ensure the practicality based on the goals of this research.
Comparing best practices captured from the literature versus the interviews, the authors were able to identify ten additional criteria extracted from the interviews that are used for processing work orders. The interviews clearly revealed that variability exist in decision-making to prioritize work orders across individuals with different years of experience and from different industry sectors. Additionally, it was realized that existing practices have various challenges including lack of defined data requirements, inconsistency in data collection and processing, variability across individuals in the criteria they use for decision-making to prioritize work orders. The challenge increased when the data and the systems were not updated overtime providing impractical resources to the facilities. 
Work order processing was divided into stages in this paper to gain better understanding in terms of connection and the common data used between different stages. The results presented a clear discontinuity in structured data collection procedures across the different stages of work order processing of building facilities, hindering the opportunity to benefit from any data that could be collected once a maintenance task is completed. Dysconnectivity was observed between different systems supporting the work order management as well. Such challenges restrict the opportunity for integrating more robust data management sources such as BIM to improve the existing practices. While the importance of data collection following the completion of maintenance tasks is clear, not all facilities are collecting information following the maintenance tasks and those collecting information do not necessarily collect useful information that can support future work orders. Understanding the connection between different stages will further support the development of data requirements to increase interoperability and avoid data duplication.
Based on examples provided from the interviews, it was inferred that prioritizing maintenance work orders is impacted by various factors including individual judgments, biases, and coping strategies resulting from cognitive workload. Understanding the possible biases and coping strategies can help with development of proper frameworks to minimize their impact and enhance the existing practices. 
Finally, the results of this study revealed that a single solution does not necessarily fit all organizations and various factors should be considered in the decision-making including organizational goals and its best practices, facility type or size which requires further investigation. For instance, the criteria selection varied across individuals from different facilities. Furthermore, the work order prioritization was done at a higher level for some facilities and at crew level for others. Considering the differences among facilities can help with development of flexible framework and data requirements to support the best practices for processing work orders. 
Based on the research conducted, the following are areas for improvement suggested by the authors to enhance the current practices for prioritizing work orders:
1. Understand the data overlap in terms of common data collected and used across the three (3) stages of work order processing. This would allow to improve efficiency of what data is needed to complete a work order request, what data to use for prioritizing the work order, and what data needs to be collected post work order job completion. 
2. Identifying unique and common data across all stages can aid in developing data requirements and guidelines to support consistency and accuracy of work order processing. Developing requirements and guidelines will also reduce challenges faced by newly hired FM staff by capturing previous processes and providing requirements
3. Determining a comprehensive list of criteria and their associated rankings for prioritizing work orders to support consistency and accuracy and minimize the negative impact resulting from human error, inconsistent judgement, and biases during the processing. Such approach may also assist with reducing cognitive workload on the human operator to focus and respond to unique situations and anomalies. Additionally, identifying a common list of criteria may reduce the errors by providing a reference and guideline to the human operator. 
4. Requiring data collection following the completion of maintenance tasks would enhance future decisions from information in the data collected and draw insights for enhancing current practices. Implementing data analytics methods on the data collected can help facilities to determine the issues within their practices and adjust them accordingly. It can also help them with developing procedures controlling the quality of the work performed (e.g., number of hours spent on a specific maintenance task).
5. Implementing data-driven decision-making methods, as opposed to user-driven approaches explored in this paper, can minimize biases and coping strategies while increasing consistency and accuracy. Furthermore, implementing data-driven methods can decrease the response time leading to less asset failures. Such approach addresses the safety of the occupants as well.
6. Developing a flexible system to allow consistent development and update of information and system over time to provide practical solutions. The information generated or changed through different facility practices should be continuously updated within the facility systems in order to benefit from the systems used by the facility. Additionally, the facility practices and procedures may change over time. A practical system should provide the flexibility to adjust to new practices and goals.
[bookmark: _Hlk95779228]The study had several limitations that should be highlighted. First, non-random sampling approach was selected over random sampling due to complications of recruiting participants that were involved in work order processing to participate in the interviewing process. Second, responses from other building facility types such as residential, hospitality, or mix-used were not included in this study as the authors were not able to recruit participants from those sectors. A larger size pool of participants is needed to continue to study the impact of the various criteria such as facility type, facility size, and years of experience on work order processing. Additionally, collecting data from a broader range of participants with diverse experience maintaining diverse facility types will allow the authors to determine a more comprehensive list of criteria and their ranking for prioritizing work orders. 
Continued research is currently being conducted to leverage quantitative analysis through using survey questionnaires to collect data from a bigger pool of individuals covering a wider range of perspectives and practices. This study is targeting the implementation of data-driven decision-making methods. Future research collects data regarding the criteria and ranking used for processing work orders and compares them among individuals from different facility types, facility sizes, and years of experience. The continued research also explores the common data used in different stages of work order processing to help with the development of data requirements. The data collected from the survey questionnaire will then be used to explore the implementation of decision-making methods to address some of the existing challenges such as inconsistency and will investigate the challenges with implementation of such methods.
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