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Gamble, Allison E.  Measuring Effectiveness of Constant Work in Progress System in 

Increasing Human Resources Technology Throughput 

Abstract 

Due to staff reduction, Company XYZ’s human resources technology team struggled to keep up 

with the demand of software enhancement requests for its human resource information system. 

To meet demand and ensure the most valuable requests were prioritized, a constant work in 

progress system was adopted. This system required the team to prioritize work items and assign 

the next available team member to the work item with the highest business value. It also required 

individuals to focus on work in progress and bring it to completion before beginning new work 

requests. In this study, measures were created to understand if the constant work in progress 

system had decreased work in progress and increased throughput, effectively creating more value 

for Company XYZ.  
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Chapter I: Introduction 

Company XYZ, whose name has been changed to protect confidentiality, is a United 

States financial services company. The company specializes in insurance and wealth 

management products to protect the finances of middle class Americans. In 2012, the 

organization determined it needed a more diverse employee mix to bring innovation to its 

product offerings.  As part of a larger strategy to attract diverse talent, the organization invested 

in a state of the art human resources information system (HRIS).  This HRIS promised many 

things: increased self-service for basic human resource functions like submitting vacation 

requests and printing pay slips; advanced reporting on employee skills and competencies; and 

human resource forecasting to prepare for future hiring needs.   

To make these promises a reality, the company hired a team of seven analysts to 

configure and maintain the HRIS.  Because the system could be configured to meet the specific 

process needs of individual organizations, the analysts worked to fulfill requests for system 

changes from different business units.  More than a thousand requests were submitted over six 

years, and the team did its best to prioritize and complete the most important projects. The 

prioritization process for the first five and a half years consisted of each analyst keeping a 

separate list of work items based on their individual area of expertise. For example, one analyst 

would work on all benefits related requests, another analyst on staffing and another on 

performance management.   

While this method led to each analyst becoming a deep expert in their assigned area, it 

also created several problems that blocked the team from long term success. Because only one 

analyst was assigned to each functional system area, the team was at risk of losing necessary 

expertise if any of the analysts left the company. Additionally, analysts did not know what 
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important projects might be in the other team members’ queues, and therefore were unable to be 

deployed for higher value projects. For example, if analyst A had three projects in their queue 

with business values of $5,000, $7,000 and $8,000 and analyst B had three projects with business 

values of $1,000, $2,000 and $3,000, analyst B would work on the $3,000 project instead of 

working cross functionally to ensure the $7,000 project had a resource. Finally, because each 

analyst managed their own worklist and often worked directly with an individual liaison, they 

were more likely to expedite requests based on how well they knew the requestor rather than on 

its true business value, leading many long term strategic initiatives to be pushed to the back of 

the queue. 

In 2016, Company XYZ faced additional challenges.  Due to expense management 

mandates, three of the seven analyst positions were eliminated.  In addition to the problems 

above, the team began to feel they were only keeping the system running and did not have the 

capacity to make the larger changes requested by human resource directors.  The team no longer 

had enough staff to assign a single resource to each functional system area, so cross training and 

communication across the team became paramount.  

To meet these new challenges, the team implemented an online constant work in progress 

board to help improve the selection and completion of human resource technology projects.  This 

board combined the worklists of all team members into a single, online location.  Items were not 

automatically assigned to the resident expert; instead, they were added to the end of the queue 

and rated on business value prior to being worked on.  To facilitate cross training, whichever 

analyst had capacity would be assigned to the item, sometimes with a partner.  To keep the 

prioritization process simple, business value was determined by rating the item on strategic fit 

and cost savings.  Items high on strategic fit and high on cost savings were rated high priority; 



10 

items low on either strategic fit or cost savings but high in the other were rated medium priority; 

items low on both strategic fit and cost savings were rated low priority.  Any changes needed to 

comply with audits or government mandates were also rated high priority.   

The team anecdotally reported that the new constant work in progress system helped 

them stay focused on high value work items and facilitated cross training.  However, the team 

failed to implement measures to understand the success of the constant work in progress board.  

The study aimed to remedy this by measuring the throughput and work in progress levels of the 

team over the last six years to see if the constant work in progress board increased throughput 

and decreased work in progress. 

Statement of the Problem 

Despite having recently implemented a constant work in progress system, Company XYZ 

lacked metrics to prove that the new system was providing value via increased throughput and 

decreased work in progress.  If the constant work in progress system was not working as 

intended, labor costs would be wasted on efforts never used by stakeholders.  

Purpose of the Study 

The purpose of this study was to measure the potential increase in throughput to 

Company XYZ’s human resource technology improvement projects.  Specifically, this study 

measured levels of backlog items, work in progress and throughput for each month between the 

years of 2012 and 2017 using line charts, calculations of the percentage change in work item 

levels, and t-tests to understand the statistical significance of the changes.  The study also made 

recommendations for additional improvements to the current constant work in progress system 

that, if implemented, would show the team not only how much work was getting done, but where 

bottlenecks occurred that slowed down the current process.  
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Assumptions of the Study 

This study assumed that human resource technology analysts used the constant work in 

progress tracking system in real time to correctly track the progress of their work.  If work was 

not documented immediately as in progress, the amount of work in progress for a given month 

would not be correctly reflected in the study.  It was also assumed that team members did not fail 

to document any work in the constant work in progress board. Any undocumented work would 

cause the team to appear to have produced less throughput than was completed.  The study also 

assumed that human resource leadership supported the team’s prioritization process, even when 

individual requests were moved to the back of the queue.  Leadership support was paramount to 

the success of the constant work in progress board, especially when competing stakeholder 

requests caused resource constraints. 

Definition of Terms 

 The following terms are referred to in this study.  Definitions are provided to create a 

mutual understanding of concepts. 

Backlog.  List of work items that have not yet been started (Moreira, 2013). 

Bottleneck.  The point in a production system that has the lowest capacity, therefore 

stopping the flow of work in progress (Goldratt, 1984).  

Constant work in progress.  A pull system in which the most urgent backlog item is 

pulled into production when there is capacity (Marek, Elkins & Smith, 2001). 

Human resource information system (HRIS).  An electronic system designed to 

manage a variety of human resource processes, including, but not limited to, compensation, 

benefits, employee performance and recruiting (Khashman & Khashman, 2016).   
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Kanban.  Visual system that notifies workers when it is time to begin a new work item 

(Adnan, Jaffar, Yusoff, & Halim, 2013).   

Lean.  A methodology in which employees eliminate process steps that do not provide 

value to the customer (Eaton, 2013). 

Throughput.  Product that has been completely processed, assembled and sold (Goldratt, 

1984).   

Waste.  Process steps that do not add customer value to a product or service (Browning, 

2017).   

Work in progress.  Work items that have been started, but are not yet ready to be 

shipped to the customer (Goldratt, 1984).   

Limitations of the Study 

There were several major limitations of this study.  The constant work in progress system 

had only been in place for six months at the time of the study. Results might differ for teams 

given more time to use and understand the constant work in progress prioritization tool.  

Additionally, no funding was provided for the team to purchase constant work in progress 

software or other resources.  Microsoft SharePoint was modified to meet the team’s 

requirements, and the data gathered from Microsoft SharePoint was analyzed using Microsoft 

Excel.  The study also describes the results of a small team configuring a specific technology 

product; results could differ for larger teams working in other environments.  The accuracy of the 

data was reliant on the diligence of the team members entering it into the constant work in 

progress tool.  For example, if a backlog item was selected for development but not moved to an 

in-progress status, the number of days as work in progress would be skewed.  Additionally, each 

work item required differing amounts of effort to complete, but these differences were not 
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considered when measuring the amount of work resolved in the study. Finally, the human 

resource technology team’s work included both tier two customer technical support and long-

term system enhancement projects.  Support emergencies occasionally distracted the team from 

current work in progress, and it was difficult to know without significant research if a request 

needed immediate attention or could be added to the backlog.  

Methodology 

 Company XYZ needed to understand if the constant work in progress board implemented 

in May 2017 was effectively increasing throughput and reducing work in progress.  The null 

hypothesis states that the constant work in progress system caused a decrease or no change to the 

average monthly number of not started and resolved work items and an increase or no change to 

the average monthly number of in progress work items. The alternative hypothesis states that the 

constant work in progress system caused an increase to the average monthly number of not 

started and resolved work items and a decrease to the average monthly number of in progress 

work items. 

To understand if the alternative hypothesis was valid, the study used three different 

measurements: line charts, calculations of the percentage change of work item levels before and 

after the adoption of constant work in progress, and t-tests. These measures were chosen because 

the data necessary to create them was easily available and because these measurements are 

simple to create and understand.  This information could serve as a straightforward way to 

communicate the team’s successes and challenges to upper management. 

The line charts provided visual indicators comparing the month over month total of items 

in each status. The calculation of the percentage change in work item levels gave an 

understanding of whether items in each status had increased or decreased due to the constant 



14 

work in progress system.  Finally, t-tests were conducted to determine if the change in work item 

levels could be attributed with a high degree of certainty to the constant work in progress 

implementation.  Because staffing levels decreased over the years, additional measures were 

created to show the average number of not started, in progress and resolved work items per 

month per employee.  This showed the true capacity of the team and whether the constant work 

in progress system had increased throughput on a per employee basis. 

Data for the charts was pulled from the human resource technology team’s Microsoft 

SharePoint tracking board, which had been in use since 2012 to track all technology 

enhancement requests.  For each month between 2012 and 2017, the total number of items with a 

status of not started, in progress and resolved were placed into a Microsoft Excel spreadsheet and 

measured to understand how the number of items in each status had changed from month to 

month.  This study hypothesized that after the May 2017 implementation of the constant work in 

progress system, backlog levels increased, work in progress decreased and throughput increased.  

Now that a system for tracking these metrics is in place, management continues to measure the 

success of the constant work in progress system monthly.  

Summary 

Company XYZ implemented a constant work in progress system in May 2017 to increase 

the efficiency, focus and prioritization of its human resource technology projects.  The team 

reported improvements in its ability to complete high value projects despite reduced staffing, but 

lacked metrics to prove that this was the case.  This study measured the team’s throughput, work 

in progress and backlog between 2012 and 2017 to determine if the constant work in progress 

system had significantly improved these outputs. 
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 In chapter II, a variety of academic studies were reviewed to better understand how 

production was planned at other organizations to successfully reduce work in progress. Many 

case studies were based in manufacturing environments.  However, the findings from these 

studies could be extrapolated and modified to work in a programming or service environment.  

The major theme emerging from the literature was that there is no one size fits all production 

control system.  The correct method for organizing the push or pull of production depends on the 

service or product offered, the product mix, and available capacity, among other factors.  
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Chapter II: Literature Review 

Company XYZ’s human resource technology team installed a constant work in progress 

production control system in May 2017 to increase throughput and decrease work in progress. 

However, the team did not have metrics to demonstrate whether this new constant work in 

progress system had met the desired objectives. A review of the lean literature regarding 

continuous flow production environments, as well as those with varied product mix and demand, 

provides wide ranging perspectives that can be applied to the problem statement.  Because 

Company XYZ has applied a constant work in progress production control system to decrease 

work in progress, a review of kanban, constant work in progress and hybrid systems was 

conducted to further analyze whether the most optimal solution was in place, as well as ways the 

current system’s success could be measured. 

Lean  

Lean methodologies for reducing lead time and improving customer satisfaction are well 

documented in the literature.  Specific methodologies, such as kanban and constant work in 

progress, have been modified for use in both continuous flow and high variability environments, 

with differing outcomes (Adnan et al., 2013; Al-Baik & Miller, 2014; Andijani, 1997; Bonvik, 

Gershwin & Troxel, 1995; Ohno, 1988; Spearman, Woodruff & Hopp, 1990).  Lean focuses on 

the elimination of all wasted steps and is often tied to lead time reduction (Bruce, Daly, & 

Towers, 2004).  Lean can appear in four separate manifestations: eliminating a process; 

eliminating wasted steps within a process; eliminating wasted steps between processes; or 

running multiple processes in tandem (Alad & Deshpande, 2014).   

Lean has been applied in both the manufacturing and service sectors (Arfmann & 

Topolansky Barbe, 2014; dos Reis Leite & Ernani Vieira, 2015; Kumar, Kumar, Haleem & 
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Gahlot, 2013; Laureani, 2012; Psychogios, Atanasovski, & Tsironis, 2012).  Studies differ on the 

efficacy of lean in the service sector.  A review of the lean literature found that this methodology 

has several flaws when applied to the service industry, including a differing measurement of 

waste, the inability to neatly pull the next customer request in a queue, and the lack of 

documented correlation between lean initiatives and customer service improvements (Arfmann 

& Topolansky Barbe, 2014).   

Other scholars are more hopeful, finding simultaneous limitations and positive results to 

lean in the service sector (dos Reis Leite & Ernani Vieira, 2015).  Lean allows the service 

industry to standardize operations and worker behavior, leading to a more consistent customer 

experience (dos Reis Leite & Ernani Vieira, 2015).  This is accomplished through two categories 

of service: minimizing customer wait time and ensuring service is available at the place and time 

needed by the customer.   

The International Monetary Fund found in 2011 that the percentage of organizations 

implementing lean in the service sector had increased, especially in the United States and Europe 

(Laureani, 2012).  Companies have realized many benefits from implementing lean, such as 

greater understanding of the root cause of employee calls, standardized call resolution 

procedures, and better employee retention (Laureani, 2012).  Like Arfmann and Topolansky 

Barbe (2014), Laureani (2012) found that lean was unable to address the issue of multiple high 

priority customer calls occurring simultaneously.   

Psychogios et al. (2012) argued that while the manufacturing industry has clear measures 

by which the implementation of lean can be benchmarked, success is more difficult to measure in 

the service industry.  In telecommunications, the main differentiator between competitors is 

customer service, and lean has been used to improve customer satisfaction.  The organizations 
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studied could improve their time to resolution for customer complaints using lean, and the 

researchers found “critical success factors” (Psychogios et al., 2012, p. 123) that enabled the lean 

implementation to succeed (Psychogios et al., 2012).  These critical success factors closely 

match the lean implementation variables identified by Kumar et al. (2013).   

Lean has been applied in manufacturing settings as well, and research has focused on 

creating a framework to allow managers to implement lean methodically.  A 2013 study 

analyzed the variables affecting lean implementation in Indian automobile factories (Kumar et 

al., 2013).  A list of 18 variables were uncovered, including “quality of human resources… 

minimization of defects… [and] top management commitment” (Kumar et al., 2013, p. 999), 

among others.  Half of the variables were labeled “drivers” (Kumar et al., 2013, p. 996) while the 

rest were labeled “dependent” (Kumar et al., 2013, p. 996).  This model of lean variables was 

created using existing research and requires additional application in industry to validate its 

significance (Kumar et al., 2013).   

Mostafa, Dumrak and Soltan (2013) reviewed 28 case studies of lean implementations in 

manufacturing settings with the goal of creating a repeatable framework for implementing lean 

in a corporate setting. The researchers found that implementations failed for a variety of reasons, 

including using the incorrect lean tool for the situation, lack of executive support and cultural 

challenges.  Many lean initiatives also failed due to insufficient team building, change 

management and post implementation maintenance (Mostafa et al., 2013).  To help combat this, 

lean initiatives should be planned like a project, considering communication, change 

management and milestones to be accomplished over time (Mostafa et al., 2013). The study 

proposed a nine-factor framework, accumulated from the 28 case studies. These factors correlate 

with successful lean implementations, and include “expert team building…situational 



19 

analysis…lean communication planning…training process…lean tools…value stream 

mapping…lessons learned review…lean assessment…[and] lean monitoring and controlling” 

(Mostafa et al., 2013, p. 51-52).  

Lean has also been implemented as a risk management strategy, with a focus on creating 

customer value to remain competitive (Pearce & Pons, 2013).  Pearce and Pons (2013) 

recognized that organizational threats are another variable that can affect the cadence and tools 

used in a lean implementation, and each organization’s use of lean is dependent on perceived 

risks.   

In the manufacturing industry, Ward and Zhou (2006) probe the influence of 

implementing electronic enterprise resource planning systems and lean or just in time processes 

on customer lead times.  More than 1700 managers responded to a survey in which they 

indicated which lean tools and enterprise resource planning systems, if any, had been 

implemented.  The study found the implementation of lean tools was significant in decreasing 

customer lead times (Ward & Zhou, 2006).  Surprisingly, the implementation of enterprise 

resource planning systems did not significantly impact lead times.  

Just in Time Production 

Just in time production is one of the manifestations of lean in which products are not 

produced until the customer demands them (Stevenson, 1998).  When implemented correctly, 

just in time brings benefits such as reduced total inventory and reduced work in progress 

(Swanson & Lankford, 1998).  Implementation requires executive support, employee buy in and 

redeployment of labor.  For example, machine operators that spent their time fabricating parts in 

a continuous flow environment would require training and a mindset shift to understand the 
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importance of cleaning and maintaining machinery during wait times in a just in time 

environment (Swanson & Lankford, 1998). 

While some have searched for the mathematical formula that will allow the perfect 

execution of just in time processes within their own work environment (Boysen & Bock, 2011; 

Ohno, 2011; Sali & Sahin, 2016; Shabtay, 2012), others have focused on management 

techniques that optimize just in time production (Furlan, Dal Pont & Vinelli, 2011; Swanson & 

Lankford, 1998).  Furlan et al. (2011) determined that there is no correlation between the success 

of just in time when applied to internal versus external processes, suggesting that management 

can take a simpler approach of first improving internal processes, then improving external 

supplier processes.  This same study found correlations between internal processes, showing that 

a holistic approach should be taken to improve all internal processes simultaneously (Furlan et 

al., 2011). A costing model has also been created to help global companies determine if it is 

more cost effective to hold inventory until a full boat or plane shipment can be sent overseas, or 

if the inventory holding costs negate the savings found in sending a fully loaded transportation 

vehicle (Wang, 2010). 

Kanban 

 Kanban is often selected when an organization’s goal is to reduce lead time and increase 

throughput (Alad & Deshpande, 2014). Kanban has a variety of implementation methods and 

definitions. Ohno (1988), the founder of the Toyota Way and lean methodology, defines kanban 

simply as a method that notifies a worker of exactly how many parts are needed for production. 

This has been differentiated from the “kanban method” (Al-Baik & Miller, 2014, p. 1862), which 

is defined as a five-step process for the improvement of software development (Al-Baik & 

Miller, 2014).  The kanban method includes understanding the flow of work, reducing work in 
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progress, organizing the flow of work items, creating standardized procedures, and creating 

natural feedback mechanisms.  The researchers propose that there are four distinct ways of 

viewing kanban: kanban as a lean tool; kanban as an agile tool; a kanban-scrum hybrid approach; 

and kanban as an individual tool (Al-Baik & Miller, 2014).   

Although kanban is a flexible tool that can be implemented in many ways, researchers 

have found ways to measure its success in reducing lead times.  Many kanban simulation studies 

have been completed to understand the optimal kanban configuration.  Andijani (1997) created a 

simulation that attempted to find the optimal kanban card distribution between workstations to 

increase throughput and decrease inventory holding time.  The simulation discovered that while 

some kanban allocations create more throughput, higher throughput without disruption 

unilaterally requires more inventory on hand.  Abrol and Shah (2017) suggest assigning a status 

to a work item at each stage in its life cycle, then measuring the length of time at each stage.  If 

kanban has been implemented effectively, the length at each stage should shorten over time.  

Calculations are also given for lead time, throughput and idle time, which can be used as 

indicators of process health (Abrol & Shah, 2017).  Research has also been conducted on the 

efficacy of the three major kanban methods, shown in Table 1.  In a single product environment, 

a traditional kanban control system performed best due to its mechanism to limit not only 

inventory, but also work in progress.  This study has not yet been completed in a multi-product 

environment.   
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Table 1 

Kanban System Definitions 

Kanban system Definition 

Traditional kanban control 

system 

Each workstation only produces parts if the subsequent 

workstation provides a card stating that more parts are 

needed. Products are assembled only when customer 

orders arrive (Ang, 2015). 

Single product base stock Workstations continuously produce parts until the buffer 

inventory has been depleted. Customer orders are filled 

from the inventory of completed products (Ang, 2015). 

Extended kanban control system A small inventory of completed products is kept on hand. 

Customer orders are filled from this inventory, which 

triggers the creation of a new product with the use of 

kanban cards (Ang, 2015). 

Kanban has also been suggested as a waste reduction method in the software 

development industry (Majchrzak & Stilger, 2017).  Many production control systems have been 

created for use in software development, including scrum, eXtreme programming and rational 

unified process, but kanban differs from these because it offers additional flexibility to 

companies who implement it.  The only constraints to implementing kanban are that 

management and workers must understand the workflow from start to end, and everyone must 

work together to eliminate work in progress (Majchrzak & Stilger, 2017).  Apart from this, 

kanban can be implemented in any way that is useful to the organization.  Kanban is also useful 
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in software development due to the metrics it provides that help managers identify bottlenecks in 

the system (Majchrzak & Stilger, 2017).  

Constant Work in Progress 

Because kanban was originally designed for continuous flow environments, 

modifications must be made when applying kanban to high variability production areas (Diaz & 

Ardalan, 2010).  To address this concern, Spearman et al. (1990) designed the constant work in 

progress system and suggested it brings benefits to environments with high variability in 

demand, product type and takt time (Spearman et al., 1990).  Companies running operations at 

full capacity that have the luxury of reprioritizing the backlog can see a reduction in work in 

progress by using a constant work in progress system.  However, the best method for prioritizing 

the backlog was not broached in this study (Spearman et al., 1990).  Because constant work in 

progress uses a single card for the entire production line, unlike kanban which requires a card for 

each part to be produced, employees have more flexibility in how individual parts are produced 

(Dalalah & Al-Araidah, 2010).  This makes it ideal for custom production environments with 

high product variability. 

Much of the literature on constant work in progress focuses on mathematical models that 

have yet to be tested in industry.  Dalalah and Al-Araidah (2010) created an algorithm in a 

simulated attempt to find the optimal speed and sequencing for factories that manufacture 

multiple products using the same machines.  The algorithm allows managers to experiment with 

different part loading rates and maximum work in progress levels to achieve the correct 

throughput levels to meet demand.  Park and Lee (2013) propose a formula for analyzing the 

efficacy of a system in which parts are made to stock, but products are assembled to order. The 

study used the formula to analyze the made to stock parts process separately from the assemble 



24 

to order product process to understand if the overall process was providing maximum value.  The 

study found that analyzing the two processes separately is effective in understanding the total 

system, giving managers a simpler method for analyzing their own constant work in progress 

systems (Park & Lee, 2013).  Farnoush and Wiktorsson (2013) tested a simulation for a high 

variability production line in which a single assembly line diverged into two.  A constant work in 

progress system was compared to a paired cell overlapping loops of cards with authorization 

system (Farnoush & Wiktorsson, 2013).  In the constant work in progress system, each product 

was given its own production loop starting with the first workstation in the assembly line.  In the 

paired cell overlapping loops of cards with authorization system, each product line was forced to 

wait on the creation of a shared part (Farnoush & Wiktorsson, 2013). Of the scenarios tested, 

constant work in progress resulted in the lowest work in progress and the highest throughput.  

While these simulations help industries progress towards better controls, the proposed algorithms 

from this research must be tested in case studies to understand their real-life applicability. 

Kanban versus Constant Work in Progress 

Kanban and constant work in progress are lean production control tools used to reduce 

lead times in organizations (Gong, Yang & Wang, 2014).  Kanban’s defining feature is the use of 

a unique pull signal for each component of a product (Marek et al., 2001).  Only when the 

kanban signal is visible can more components be manufactured.  Kanban is one of many tools 

used by companies to increase throughput while simultaneously decreasing inventory (Vijaya 

Ramnath, Elanchezhian & Kesavan, 2009).  By contrast, constant work in progress is used in 

environments with high product variability (Spearman et al., 1990) or low production (Prakash & 

Chin, 2014).  Unlike kanban, constant work in progress uses a single pull signal to represent a 

full product, rather than the product’s individual components (Marek et al., 2001).  When the 
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constant work in progress card is visible, the most urgent item in the backlog can be chosen for 

production.  

Other Factors Affecting Production Control System Success 

Recording and understanding the backlog to correctly prioritize customer orders is 

paramount to successful just in time production in a high variability environment (Spearman et 

al., 1990).  Diaz and Ardalan (2010) found in a simulation of high variability environments that 

taking a customer backlog into consideration when creating production schedules reduced 

customer wait times by 30%.  These results were dependent on the variables assumed in the 

simulation (Diaz & Ardalan, 2010).  Additional case studies could clarify the usefulness of these 

results in a true production environment. 

Prakash and Chin’s (2014) case study of a company’s mixed use of kanban and constant 

work in progress illustrates how each method can be most effectively leveraged.  Using the plan-

do-check-act methodology (Moen & Norman, 2010), the researchers began by creating a value 

stream map that showed high demand for one product created by the company, and low demand 

for the other three.  Kanban was applied to the high demand product, for which the company 

needed to carefully plan inventory levels for each part.  For the other three products, a constant 

work in progress method was used to signal production for the full product rather than each 

individual component.  This combined method resulted in a 23% decrease in lead time for the 

product family (Prakash & Chin, 2014). 

Gong’s et al. (2014) study of three major production control systems (material 

requirements planning, kanban and constant work in progress) found that the more work in 

progress in a system, the more variables were needed to correctly calculate lead times.  Constant 

work in progress systems had the least work in progress, and therefore lead times were more 
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often correctly predicted with limited information, followed by kanban and then material 

requirements planning.  While it might be tempting to select constant work in progress as the 

superior production control system based on this information, certain product types relying on 

large production batches often require kanban or material requirements planning systems to be 

properly controlled (Gong et al., 2014). 

Many companies use low tech kanban solutions such as physical cards to signal that a 

part needs to be produced (Heidenberg & Porres, 2010).  This is valuable due to the low cost of 

implementation, but it can be more difficult to detect problems in the system because data 

collection cannot be automated.  Heidenberg and Porres (2010) argue that using computerized 

kanban cards to increase throughput of software projects brings the benefit of accessible 

measures on the health of the kanban system, called “kanban guards” (Heidenberg & Porres, 

2010, p. 306).  Kanban guards require three steps: extracting data, interpreting data and creating 

recommendations based on data.  Extracting data includes the collection of any information 

available in the computerized system, from work item status, length of time in queue, or total 

lines of code (Heidenberg & Porres, 2010).  The researchers suggest interpreting the data by 

using a simple color-coded system of red, yellow and green; red for metrics that are off track, 

yellow for those that require review and green for those that are healthy. To determine the 

correct color for each metric, current data must be compared to benchmarks, either from previous 

projects or from industry data (Heidenberg & Porres, 2010).  If the ultimate step, creating 

recommendations, is fully automated, the system will present mitigating strategies to the user 

based on the metric and its color.  More likely, human intervention will be necessary to create 

mitigation recommendations that fit the scenario (Heidenberg & Porres, 2010). 
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The efficient use of labor has been studied in relation to lean environments as well.  A 

simulation showed that certain labor sharing rules can be advantageous when some customer 

orders have higher priority than others (Kher, 2000).  Work by Malhotra and Kher (1994) 

showed companies that prioritize orders from top customers, rather than using a first in, first out 

process have greater success at securing long term contracts when workers are shared between 

teams.  Kher (2000) duplicated this study in a simulated made to order job shop environment, 

and found that sharing workers between teams required certain rules to be applied.  Worker 

sharing in custom job environments worked best when high and low priority orders were each 

worked in their own queue, and when workers on loan either worked on the item that had been in 

the queue the longest or the one that had the earliest due date.  In the simulation, following these 

rules led to a 99% on time delivery rate for high priority orders (Kher, 2000). 

The physical layout of the work area within a manufacturing environment has been found 

to affect the success of kanban implementations (Stockton & Lindley, 1995).  Depending on 

whether the production environment is high or low demand and variability, a unique combination 

of kanban, constant work in progress and physical work cell configuration can determine the 

levels of work in progress and throughput in the system (Reyes Lavalle, Scavarda & Nof, 2013; 

Stockton & Lindley, 1995).   

Other researchers have pointed out the limitations of kanban and constant work in 

progress. Reyes Lavalle et al. (2013) discuss the various kanban configurations, noting that they 

only work to control work in progress in environments with low variability.  Similarly, they note 

that constant work in progress, while found to increase throughput more successfully than 

traditional kanban (Pettersen & Segerstedt, 2009), does not provide enough data to create 

uniform takt time and discover the root cause of more discrete breakdowns in the system (Reyes 
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Lavalle et al., 2013).  Instead of using traditional kanban or constant work in progress systems, 

the authors suggest an approach called collaborative production line control (Reyes Lavalle et 

al., 2013).  This method requires communication tools at each stage in the production process 

which announce any deviation in the standard flow of work.  The information provided by the 

system allows managers to decide whether to slow down, speed up or stop the production line in 

service of the overarching goal: less work in progress and more throughput (Reyes Lavalle et al., 

2013). 

Bonvik et al. (1995) also found tradeoffs between kanban and other production control 

systems.  In a computer simulated study, they found that if machines run at 100% capacity in a 

kanban environment, more throughput results, but also higher work in progress and therefore 

more inventory costs (Bonvik et al., 1995).  The researchers recommend two other production 

control systems for keeping inventory low: hedging point and two boundary policy (Bonvik et 

al., 1995).  In the hedging point method, machines are run at 100% capacity until there is a 

predefined amount of product in excess of demand.  Under two boundary policy, management 

determines how much work in progress can accumulate in front of a machine if it is not 

operational (Bonvik et al., 1995).  Once this limit has been reached, machines preceding the one 

in question are also stopped until the entire production line is operational (Bonvik et al., 1995).  

This study should be replicated in an environment where low inventory levels are not the main 

objective, such as software development, to see if kanban remains the less attractive production 

control system.  

Another mathematical simulation of production efficiency compared kanban, constant 

work in progress and a hybrid method (Guary, Pierreval & Kleijnen, 2000).  Confirming other 

findings, the hybrid method was found to be most effective at decreasing work in progress and 
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increasing throughput (Gaury et al., 2000).  This is consistent with other studies that suggest the 

most efficient production control system differs for every environment, and variables such as 

product mix, demand, and production sequencing must be considered (Bonvik et al., 1995). 

Summary 

 Research into lean, kanban and constant work in progress demonstrates that the ideal 

method for organizing production lines depends on the industry, product mix, demand, 

variability and company goals. Managers must choose the methodology that best suits their 

situation, and then must monitor the health of the system to make continual improvements. At 

Company XYZ, the use of a constant work in progress system was the best fit due to the high 

variability of demand and product mix, as well as the inability for the team to keep up with 

demand, which created a work backlog that was pulled into production as capacity allowed. 

However, the lack of metrics on the health of the system stopped Company XYZ from making 

additional improvements.  

 In chapter III, the methodology used to create metrics for the Company XYZ constant 

work in progress board are described in more detail. The study focused on measuring throughput 

and work in progress over time, and comparing these measures before and after the constant 

work in progress system was adopted. These measures were also prorated based on staffing 

levels that have steadily decreased over time at Company XYZ. 
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Chapter III: Methodology 

Company XYZ has used a Microsoft SharePoint site to track all human resource 

technology improvement requests since the human resources information system (HRIS) was 

implemented in 2012.  Each request includes the same metadata: a title, request details, name of 

the assigned analyst, status, due date and completion date.  The statuses assigned to requests 

include not started, in progress and resolved. 

From February 2012 to April 2017, the human resource technology improvement backlog 

was managed ad hoc by each of the team’s system analysts.  Work items were chosen by 

individual analysts based on colleague requests rather than through a rigorous prioritization 

process.  When those same colleagues would ask for something new, the analysts would often 

leave the previous work item in progress and start the newly requested project instead.  This led 

to inventory and motion waste due to effort spent on items that were never fully implemented 

(Levinson, 2013).   

To remedy this, the team made changes to the management of the Microsoft SharePoint 

site in May 2017.  A decision was made to follow a constant work in progress pull system 

(Adnan et al., 2013).  The team was no longer allowed to take on new work until the current 

work in progress was complete.  A weekly huddle was implemented for the team to discuss any 

blockers stopping them from moving work in progress to throughput.  Future work items were 

chosen from the backlog during a team prioritization meeting, where workers could see all 

requests and prioritize based on value, urgency and strategic fit.  While the new system enjoys 

the full support of all team members, no success measures were created to demonstrate if the 

constant work in progress board had increased throughput and decreased work in progress.  
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In this study, all work items completed between 2012 and 2017 were analyzed to see if 

throughput had increased and work in progress had decreased since the implementation of the 

constant work in progress board. Based on the findings from other researchers in high variability 

production environments, this study hypothesized that the switch to a constant work in progress 

style prioritization process caused a decrease in work in progress and an increase in backlog 

items and throughput.  This hypothesis was tested using line charts and by calculating the 

percentage difference between the number of work items before and after the constant work in 

progress system was put in place. T-tests were run to determine the statistical significance of the 

changes over time.  

Subject Selection and Description 

No subjects were interviewed or surveyed for this study.  All data was obtained from the 

existing Microsoft SharePoint constant work in progress board used by the human resource 

technology team at Company XYZ.  The data used for the study relates only to the status and 

duration of human resource technology improvement backlog items.  It does not include personal 

or demographic information about any employee, customer or other individual.   

Data Collection and Analysis 

This study hypothesized that the implementation of a constant work in progress style pull 

system had led to an increase in backlog items and throughput, and a decrease in work in 

progress for human resource technology improvement projects.  To validate this hypothesis, data 

was collected on the number of days work items were listed at each stage of development and 

graphed over time using line charts. Calculations were completed on the percentage change in 

work item statuses before and after the constant work in progress implementation. In addition, t-
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tests were run to show the statistical significance of the change in backlog items, work in 

progress and throughput over time.  

Raw data was obtained from the Microsoft SharePoint administrator at Company XYZ in 

the form of a Microsoft Excel spreadsheet. The spreadsheet was created using the version history 

function in the 2016 version of Microsoft SharePoint, and displayed every work request ever 

recorded by the human resource technology team. Within each item, the requestor, work item 

title, date and time requested and the work item status were documented. Each work item 

appeared multiple times in the worksheet, once for each time its status had changed.  

After extracting the dates of work item status changes from Microsoft SharePoint, the 

365 Pro Plus version of Microsoft Excel was used to calculate the number of items at a given 

stage of development on the last day of each month.  An individual tab was created in a 

Microsoft Excel spreadsheet for each month and year between February 2012 and December 

2017. This resulted in 71 unique tabs of data. The original raw data tab was filtered to show only 

data for a single month and year, and this subset of data was copied and pasted onto its 

corresponding tab. This process was repeated for all 71 month and year combinations. 

 In the raw data file, the same work items appeared multiple times, once for each time the 

item’s metadata had been updated in Microsoft SharePoint. To accurately assess the number of 

work items in progress each month, only the last status change from each month was counted. 

For example, work item 2 appeared on the February 2012 list seven times, once for each time the 

item was edited. Six of these items were hidden from the file prior to analysis, leaving only one 

work item to be counted in the aggregate data. To accomplish this, each month/year tab was 

sorted by item identifier, then by version number. Next, an IF formula was added to column G of 

the worksheet. The formula compared the data in the first row of column A to the data in the 
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second row of column A. If the two cells had matching data, the word HIDE appeared in column 

G. If the two cells did not match, the word SHOW appeared in column G. Fully written, the 

formula appeared in cell G2 as =IF(A2=A3, “HIDE”, “SHOW”). This formula was copied down 

to all rows in column G, causing the word SHOW to appear for the last version of each work 

item for the month. The worksheet was then filtered so that only items labeled SHOW appeared, 

leaving the most recent version of the work item for that month/year.  

This formula was repeated for every month/year combination in the Microsoft Excel 

workbook. Additionally, any items in a not started or in progress status at the end of the month 

were copied and pasted into the next month’s list to show that those items were still either in the 

backlog or work in progress for the following month.  

 Next, aggregate counts for the number of work items with a status of not started, in 

progress and resolved for each month/year were formulated. Two formulas were used to create 

these counts. First, a CONCATENATE formula was written in column H to connect the values 

in column E, Status, with column G, SHOW. The formula appeared in cell H2 as 

=CONCATENATE(E2,G2). This resulted in a new value in column H that indicated both the 

status of the work item for the month and whether it should be shown or hidden from the 

worksheet, represented by one of six values: Not StartedSHOW, Not StartedHIDE, In 

ProgressSHOW, In ProgressHIDE, ResolvedSHOW, and ResolvedHIDE. This formula was 

copied down to all rows in column H. 

Second, a COUNTIF formula was used to count the total occurrences of each of the three 

concatenated SHOW values from column H. The formula was entered once onto each tab of the 

Microsoft Excel spreadsheet and included the $ symbol before the column letter and row 

number. This symbol allowed the formula to be copied without changing the column and row 



34 

combination evaluated. The formula was copied and pasted twice for each month/year 

combination, resulting in the formula appearing three times on each tab of the workbook. The 

result was one count of Not StartedSHOW values, one count of In ProgressSHOW values and 

one count of ResolvedSHOW values. Table 2 shows the COUNTIF formulas used in Microsoft 

Excel to count the total number of work items in each status.  

Table 2 

COUNTIF Formulas Used in Microsoft Excel 

COUNTIF formula Returned a count of 

=COUNTIF($H$2:$H$228,"Not StartedSHOW") Not StartedSHOW 

=COUNTIF($H$2:$H$228,"In ProgressSHOW") In ProgressSHOW 

=COUNTIF($H$2:$H$228,"ResolvedSHOW") ResolvedSHOW 

These aggregate counts were copied and pasted onto a separate Aggregate Data tab. 

resolved items were tracked on a month by month basis, but were also accumulated to show total 

progress over time. To understand how the total work items resolved per month were impacted 

by staffing levels, company organization charts were analyzed. The number of employees on the 

human resources technology team at the end of each month between February 2012 and 

December 2017 were recorded and added as a column to the Aggregate Data tab of the 

spreadsheet. not started, in progress and resolved (monthly) numbers were divided by the total 

staff for the month to see the average number of work items per employee.  

Line Charts 

This study used line charts to visualize the total work in progress and throughput that had 

been accomplished over time, including views of the work item to employee ratio month to 

month. Included in the line charts for the study was a burn up chart. This chart showed the total 
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number of work items completed at the end of each month compared to the total number of items 

in the backlog, including not started, in progress and resolved.  To create the burn up chart, all 

data in the date, total, and resolved (cumulative) columns of the Aggregate Data tab in Microsoft 

Excel were highlighted, including the column headers. Then, Insert > Recommended Charts > 

Line was selected to create the chart. Figure 1 shows an example burn up chart created in 

Microsoft Excel.   

 

Figure 1. Example burn up chart. 

 To further analyze the burn up chart, the difference between the total number of work 

items in all statuses and the cumulative number of items in a resolved status was calculated for 

each month/year combination. This was accomplished by subtracting the cumulative number of 

resolved items per month from total number of all work items per month. Then the average 

difference from February 2012 to April 2017 – prior to the constant work in progress system was 

adopted – and the average difference between May 2017 and December 2017 – after the constant 

work in progress system was adopted – was calculated using the Microsoft Excel formula 

=AVERAGE(B2:B19). Row numbers for this formula varied on each tab due to each month 
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having a different number of work items in the backlog. This same formula was used to 

understand the average number of work items in a status of not started, in progress and resolved 

both for the team and per employee before and after the constant work in progress system was 

adopted. 

The percent change between the average difference in resolved and total work items was 

calculated using the formula ((Average Difference February 2012 to April 2017) – (Average 

Difference May 2017 to December 2017))/(Average Difference February 2012 to April 2017). 

Similar calculations were completed to understand the average percent change of not started, in 

progress and resolved work items at the team level, as well as not started, in progress and 

resolved work items per employee. Table 3 shows example output from this calculation. 

Table 3 

Example Table Showing Average Change Before and After System Implementation 

Date range Average Difference  Percent Change 

Feb 2012 – Apr 2017 0 - 

May 2017 – Dec 2017 0 0% decrease/increase 

Other line charts were created for the study as well. These charts created a visual 

representation of work items in each status, both at the team level and per employee, to allow a 

deeper understanding of how the constant work in progress system had affected work levels. 

These line charts compared the monthly levels of not started, in progress and resolved work 

items over time at the team and individual employee levels. Unlike the burn up chart, which 

compared two subsets of data within the same chart, these line charts showed a single work item 

status between February 2012 and December 2017. To create all other line charts, the data in the 

Date column as well as the column of data that corresponded to the line chart were highlighted. 
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For example, for the in progress work items chart, the date and in progress columns were 

highlighted. Then, Insert > Recommended Charts > Line was selected to create the chart.  

Figure 2 shows an example line chart. 

 

Figure 2. Example line chart created in Microsoft Excel. 

T-test 

 To understand if any change in work item levels that resulted from the constant work in 

progress system was statistically significant, a one-tail t-test was run. Backlog, work in progress 

and throughput data from before and after the installation of the constant work in progress 

system were compared. Table 4 shows example t-test data. 
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Table 4 

Example One-Tail T-Test Data 

  Jan 2012 - Dec 2012 Jan 2013 - Dec 2013 

Mean 0.00 0.00 

Variance 0.00 0.00 

Observations 0.00 0.00 

df 0.00  

t Stat 0.00  

P(T<=t) one-tail 0.00  

t Critical one-tail 0.00  

The t-test was run on seven paired segments of data, comparing the monthly levels of not 

started, in progress and resolved work items February 2012 to April 2017 and May 2017 to 

December 2017. Work item levels were compared for statistical significance at both the team 

level and per employee.  The Microsoft Excel Analytics ToolPak was used to complete this 

analysis by navigating to Data > Data Analysis > t-Test: Two Sample Assuming Unequal 

Variance.  

Limitations 

This study was limited by the ability of the Company XYZ human resource team to 

spend time tracking each item’s status in detail.  Due to resource constraints and a high-pressure 

environment, culturally the organization put more value on end results than on continuous 

process improvement.  This led to two potential areas of limitation. Some work items were 

started or even completed before they were added to the constant work in progress board.  This 

could have resulted in the item appearing to be finished more quickly that it was. Also, the 
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constant work in progress system had been in use only six months at the time of the study, and 

was compared to five years of data from the legacy management system. More time to adopt and 

refine the constant work in progress system could have led to different results.    

Summary 

Company XYZ changed the method used for tracking and selecting human resource 

technology improvement projects to a constant work in progress method.  This approach was 

meant to reduce work in progress and increase throughput.  This study measured these 

assumptions using line charts, measures of the percentage of change to work item levels, and t-

tests to understand whether the constant work in progress method had delivered the expected 

improvements.  Chapter IV explains the results of the methodology described in the current 

chapter, including graphs and statistical analysis of Company XYZ work items.  
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Chapter IV: Results 

This study intended to create measurements to test the efficacy of the constant work in 

progress system put in place by the human resource technology team at Company XYZ. Data 

was collected from the team’s constant work in progress board, which was housed in Microsoft 

SharePoint. This board tracked the date that each work item moved between the following 

statuses: not started, in progress and resolved. This study hypothesized that the implementation 

of the constant work in progress board had caused an increase in backlog and throughput and a 

decrease in work in progress.  

Data Collection and Analysis 

The data collected from the Microsoft SharePoint site was analyzed using Microsoft 

Excel. In Microsoft Excel, filters were used to show only the latest version of each work item for 

each month and year combination. These filters were created by sorting the data by item number, 

then version number. An IF formula was created to display the word SHOW next to the last 

version of each item for each month. The word HIDE was displayed for all other items. A 

CONCATENATE formula was then used to combine the items’ status with the IF formula to 

display both the status and whether the items should be hidden or shown in the sheet. A 

COUNTIF formula was used to count the instances of work items for each of the following 

CONCATENATE values: NotStartedSHOW, In ProgressSHOW, and ResolvedSHOW. This was 

repeated for each month/year combination in the workbook and pasted into a separate Aggregate 

Data tab in Microsoft Excel.  This resulted in a count of the number of work items with a status 

of not started, in progress and resolved for each month/year combination for the duration of the 

study. Cumulative resolved work items were calculated by adding the number of resolved work 

items from the current month and all prior months together, and were displayed in their own 
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column. Monthly staffing levels were also displayed on the Aggregate Data tab. Not started, in 

progress and resolved work item levels for each month were divided by the number of staff 

members employed for that month, resulting in the average number of work items per employee. 

The final aggregate data based on these calculations is found in the Appendix.  

These aggregated counts were used to create line charts, showing the change in work 

item totals between February 2012 and December 2017, both at the team level and per employee. 

Additionally, the number of work items completed per month before and after the 

implementation of the constant work in progress board were tested for significance using t-tests. 

These were also completed in Microsoft Excel using Data > Data Analysis > t-Test: Two Sample 

Assuming Unequal Variance in the Analysis ToolPak add in.  

Line Charts 

Several line charts were created for this study as a visual representation of the not started, 

in progress and resolved work item levels over time. The first chart was a burn up chart, which 

compared the accumulation of resolved work items to the total number of work items in all 

statuses. Figure 3 displays the burn up chart for all work items between February 2012 and 

December 2017. The burn up chart shows that the cumulative number of resolved items 

generally kept pace with the total number of items in all statuses. In other words, the human 

resource technology team found capacity to deal with increased workload and maintained a 

steady the level of not started and in progress work items. 
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Figure 3. Burn up chart. 

 A closer examination of the difference between the cumulative resolved items and the 

total number of items in all statuses showed that there was a 12.19% decrease on average in not 

started and in progress items after the implementation of the constant work in progress system. 

Table 5 displays the average difference between resolved (cumulative) items and total work 

items from February 2012 to April 2017 - prior to the implementation of the constant work in 

progress system - and May 2017 to December 2017 - after the implementation of the constant 

work in progress system.  

Table 5 

Resolved (Cumulative) and Total Before and After System Implementation 

Date range Average difference Percent change 

Feb 2012 – Apr 2017 124.42 - 

May 2017 – Dec 2017 109.25 12.19% decrease 

The second chart displayed the number of items in a status of not started between 

February 2012 and December 2017. The chart showed that not started levels increased and 
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decreased dramatically from month to month. The not started work items chart is displayed in 

Figure 4.  

 

Figure 4. Not started work items. 

The average number of work items in a not started status rose 24.16% from 56.03 items 

per month from February 2012 to April 2017, to 73.88 items per month from May 2017 to 

December 2017. Table 6 displays the change in not started work item levels. 

Table 6 

Not Started Levels Before and After System Implementation 

Date range Average work items Percent change 

Feb 2012 – Apr 2017 56.03 - 

May 2017 – Dec 2017 73.88 24.16% increase 

 Figure 5 shows the number of in progress items between February 2012 and December 

2017. While in progress work items increased and decreased month to month, the overall trend 

shows that in progress work items steadily decreased.  
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Figure 5. In progress work items. 

The average number of work items in an in-progress status dropped 43.84% from 63 

items per month from February 2012 to April 2017, and 35.38 items per month from May 2017 

to December 2017. Table 7 displays the change in in progress work item levels. 

Table 7 

In Progress Levels Before and After System Implementation 

Date range Average work items Percent change 

Feb 2012 – Apr 2017 63 - 

May 2017 – Dec 2017 35.38 43.84% decrease 

Figure 6 shows the number of resolved items between February 2012 and December 

2017. The chart shows that the number of resolved items increased and decreased depending on 

the month, with a particularly high number of work item resolutions in May 2013.  
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Figure 6. Resolved work items. 

The average number of work items in a resolved status dropped 16.77% from 24.63 items 

per month from February 2012 to April 2017 to 20.5 items per month from May 2017 to 

December 2017. Table 8 displays the change in resolved work item levels. 

Table 8 

Resolved Levels Before and After System Implementation 

Date range Average work items Percent change 

Feb 2012 – Apr 2017 24.63 - 

May 2017 – Dec 2017 20.5 16.77% decrease 

 When looking at the human resource technology work items in aggregate between 

February 2012 and December 2017, the line charts show that not started items increased by 

24.16% and in progress items decreased by 43.84% after the implementation of the constant 

work in progress system. This aligned with the alternative hypothesis that the backlog had 

increased and work in progress had decreased. Resolved work items decreased by 16.77%, 

consistent with the null hypothesis that throughput had decreased or stayed the same. However, 
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the data up to this point had not taken into consideration that the team’s staffing level had 

decreased between 2012 and 2017. Figure 7 displays the staffing levels for each month between 

February 2012 and December 2017. 

 

Figure 7. Monthly staffing levels. 

On average, staffing levels decreased by 38.91% after the implementation of the constant 

work in progress system in May 2017. Table 9 shows the average staffing levels before and after 

the implementation.  

Table 9 

Staffing Levels Before and After System Implementation 

Date range Average employees Percent change 

Feb 2012 – Apr 2017 7.17 - 

May 2017 – Dec 2017 4.38 38.91% decrease 

Not started levels per employee were analyzed to understand how the constant work in 

progress system had affected the average level of not started work items per employee. The 

number of not started issues was divided by the number of employees for the month. This 
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calculation resulted in the average number of not started items per employee. Figure 8 shows the 

average number of not started items per employee between the months of February 2012 and 

December 2017.  

 

Figure 8. Not started work items per employee. 

On average, each employee maintained 54.04% more not started work items per month 

after the implementation of the constant work in progress system was put in place. 8.08 items 

were not started on average per employee per month prior to the implementation of the system, 

while 17.58 items were not started on average per employee per month after the implementation. 

Table 10 displays the details of this change. 

Table 10 

Not Started Work Items Per Employee Before and After System Implementation 

Date range Average work items Percent change 

Feb 2012 – Apr 2017 8.08 - 

May 2017 – Dec 2017 17.58 54.04% increase 
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In progress levels per employee were tested to know if the constant work in progress 

system had decreased work in progress or if it only appeared to decrease due to lower staffing 

levels. The number of in progress issues was divided by the number of employees for the month. 

This calculation resulted in the average number of in progress items per employee. Figure 9 

shows the average number of in progress items per employee between the months of February 

2012 and December 2017.  

 

Figure 9. In progress work items per employee. 

On average, each employee maintained 11.69% fewer in progress work items per month 

after the implementation of the constant work in progress system was put in place. 9.84 items 

were in progress on average per month prior to the implementation of the system, while 8.69 

items were in progress on average after the implementation. Table 11 displays the details of this 

change. 
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Table 11 

In Progress Work Items Per Employee Before and After System Implementation 

Date range Average work items Percent change 

Feb 2012 – Apr 2017 9.84 - 

May 2017 – Dec 2017 8.69 11.69% decrease 

To understand more clearly if the constant work in progress system increased throughput, 

the number of resolved issues was divided by the number of employees for the month. This 

calculation resulted in the average number of resolved items per employee. Figure 10 shows the 

average number of resolved items per employee between the months of February 2012 and 

December 2017.  

 

Figure 10. Resolved work items per employee. 

 On average, each employee resolved 28.14% more work items per month after the 

implementation of the constant work in progress system was put in place. 3.37 items were 

resolved on average per month prior to the implementation of the system, while 4.69 items were 

resolved on average after the implementation. Table 12 displays these statistics. 
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Table 12 

Resolved Work Items Per Employee Before and After System Implementation 

Date range Average work items  Percent change 

Feb 2012 – Apr 2017 3.37 - 

May 2017 – Dec 2017 4.69 28.14% increase 

T-test 

The analysis of the number of work items in each status of not started, in progress and 

resolved after the implementation of the constant work in progress board found that, on a team 

level, monthly not started totals rose 24.16% and monthly in progress totals decreased 43.84%. 

These findings were consistent with the alternative hypothesis that backlog items had increased 

and work in progress had decreased with the implementation of the constant work in progress 

system. Monthly resolved totals decreased 16.77%, which aligned with the null hypothesis that 

throughput had decreased or remained the same with the implementation of the constant work in 

progress system. However, when considering that staffing levels had changed, this study found 

that not started levels increased 54.04% on average per employee, in progress levels decreased 

11.69% on average per employee and resolved levels increased 28.14% on average per 

employee. This decrease in in progress work items and increase in not started and resolved work 

items was consistent with the alternative hypothesis. It could be extrapolated that if staffing 

levels had remained even, throughput levels for the team overall would have increased with the 

use of the constant work in progress system.   

To understand if the changes in work item levels that resulted from the constant work in 

progress system were statistically significant, a t-test was run on each of the data sets. Work item 

data from before and after the installation of the constant work in progress system were 
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compared. The average difference between the cumulative resolved items and the total number 

of all work items was 124.42 prior to the constant work in progress system and 109.25 after to 

the constant work in progress system. A t-test found this change to be statistically significant 

within a five percent margin of error. Table 13 shows the specific data analysis results of this t-

test. 

Table 13 

One-Tail T-Test - Resolved and Total Work Item Levels 

 Feb 2012 - Apr 2017 May 2017 - Dec 2017 

Mean 124.43 109.25 

Variance 226.44 537.36 

Observations 63.00 8.00 

df 8.00  

t Stat 1.80  

P(T<=t) one-tail 0.05  

t Critical one-tail 1.86  

Not started work item levels changed from a monthly average of 56.03 prior to the 

constant work in progress system to 73.88 after the constant work in progress system. The one-

tailed t-test found this increase in not started levels to be statistically significant within a one 

percent margin of error. Table 14 shows the specific data analysis results of this t-test. 
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Table 14  

One-Tail T-Test - Not Started Work Item Levels 

  Feb 2012 - Apr 2017 May 2017 - Dec 2017 

Mean 56.03 73.88 

Variance 395.81 255.84 

Observations 63.00 8.00 

df 10.00  

t Stat -2.88  

P(T<=t) one-tail 0.01  

t Critical one-tail 1.81  

In progress work item levels decreased from a monthly average of 63 prior to the 

constant work in progress system to 35.38 after the constant work in progress system. The one-

tailed t-test found this decrease in in progress levels to be statistically significant at less than a 

one percent margin of error. Table 15 shows the specific data analysis results of this t-test. 
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Table 15 

One-Tail T-Test - In Progress Work Item Levels 

  Feb 2012 - Apr 2017 May 2017 - Dec 2017 

Mean 68.40 35.38 

Variance 625.60 118.27 

Observations 63.00 8.00 

df 19.00  

t Stat 6.64  

P(T<=t) one-tail 0.000001  

t Critical one-tail 1.73  

Resolved work item levels changed from a monthly average of 24.63 prior to the constant 

work in progress system to 20.5 after the constant work in progress system. The one-tailed t-test 

found that the decrease in resolved levels were not statistically significant, with a 32% margin of 

error. Table 18 shows the specific data analysis results of this t-test. 
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Table 16  

One-Tail T-Test - Resolved Work Item Levels 

  Feb 2012 - Apr 2017 May 2017 - Dec 2017 

Mean 24.63 20.50 

Variance 1330.14 444.86 

Observations 63.00 8.00 

df 13.00  

t Stat 0.47  

P(T<=t) one-tail 0.32  

t Critical one-tail 1.77  

Because staffing levels had declined over time, one-tailed t-tests were also run to 

understand the significance of the changes in not started, in progress and resolved levels per 

employee. Not started levels per employee increased from a monthly average of 8.08 work items 

to 17.58. The one-tail t-test found the increase in not started levels per employee to be significant 

within less than a one percent margin of error. Table 17 shows the specific data analysis results 

of this t-test. 
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Table 17  

One-Tail T-Test - Not Started Work Item Levels Per Employee 

  Feb 2012 - Apr 2017 May 2017 - Dec 2017 

Mean 8.08 17.58 

Variance 12.56 33.55 

Observations 63.00 8.00 

df 8.00  

t Stat -4.53  

P(T<=t) one-tail 0.001  

t Critical one-tail 1.86  

In progress levels per employee decreased from a monthly average of 9.84 work items to 

8.69. The one-tail t-test found the decrease in in progress levels per employee insignificant at a 

24% margin of error. Table 18 shows the specific data analysis results of this t-test. 

Table 18 

One-Tail T-Test - In Progress Work Item Levels Per Employee 

  Feb 2012 - Apr 2017 May 2017 - Dec 2017 

Mean 9.84 8.69 

Variance 16.53 17.82 

Observations 63.00 8.00 

df 9.00  

t Stat 0.73  

P(T<=t) one-tail 0.24  

t Critical one-tail 1.83  
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Resolved levels per employee increased from a monthly average of 3.37 work items to 

4.69. The one-tail t-test found the increase in resolved levels per employee to be insignificant at a 

23% margin of error. Table 19 shows the specific data analysis results of this t-test. 

Table 19 

One-Tail T-Test - Resolved Work Item Levels Per Employee 

  Feb 2012 - Apr 2017 May 2017 - Dec 2017 

Mean 3.37 4.69 

Variance 21.83 20.07 

Observations 63.00 8.00 

df 9.00  

t Stat -0.78  

P(T<=t) one-tail 0.23  

t Critical one-tail 1.83  

Summary 

An analysis of Company XYZ’s human resource technology work item history showed 

that the average number of not started, in progress and resolved work items had changed after a 

constant work in progress system was adopted. The average difference between the total number 

of work items and the cumulative number of items in a resolved status decreased 12.19% on 

average after the implementation of the constant work in progress system, showing that more 

items were being resolved in relationship to the total number of requests. This finding was 

statistically significant with a five percent margin of error and supports the alternative 

hypothesis. 
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At the team level, not started totals rose on average 24.16% from 56.03 to 73.88 per 

month. In progress totals decreased on average 43.84% from 63 to 35.38 per month. These 

changes were found to be statistically significant within a one percent margin of error, and 

support the alternative hypothesis. Resolved items decreased on average 16.77% from 24.63 to 

20.5. This change was found to be statistically insignificant and supports the null hypothesis.  

At the individual employee level, not started totals rose on average 54.05% from 8.08 to 

17.58. This change was found to be statistically significant within a one percent margin of error 

and supports the alternative hypothesis. In progress levels decreased 11.69% from 9.84 to 8.69. 

resolved levels increased 28.14% from 3.37 to 4.69. These changes were found to be statistically 

insignificant and support the null hypothesis. 

Chapter V discusses the implications of this research. Suggestions for improvements to 

the constant work in progress system are described, as well as possibilities for future research to 

better understand the usefulness of this system.  
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Chapter V: Discussion 

Company XYZ needed metrics to prove that a new constant work in progress system, 

implemented in May 2017, was providing value via increased throughput and decreased work in 

progress.  To better understand the value of the constant work in progress system, this study 

measured levels of backlog items, work in progress and throughput for each month between the 

years of 2012 and 2017 using line charts, calculations of the percentage change in work item 

levels, and t-tests to understand the statistical significance of the changes.   

In 2012, Company XYZ purchased a human resources information system (HRIS) to 

better track employee data and make predictions about future hiring needs. The HRIS required 

constant maintenance and enhancement by a group of system analysts. The size of this group 

decreased from nine employees in 2013 to four in 2017, leading the team to look for a more 

efficient way to manage work requests. In response to this need, a constant work in progress 

system was implemented. This system required the team to review the list of upcoming work 

items as a group. Rather than assigning resources based on functional expertise, resources were 

assigned based on availability and the business value of the work request. Anecdotally, this 

system increased cross training, improved the selection of high value work items and increased 

throughput. However, the team did not have metrics to prove this. This study created those 

metrics and analyzed whether the constant work in progress system had provided the expected 

benefits. 

Academic literature on lean shows that a variety of factors influence which lean method 

works best (Adnan et al., 2013; Al-Baik & Miller, 2014; Andijani, 1997; Bonvik et al., 1995; 

Ohno, 1988; Spearman et al., 1990). The lean methods reviewed in this study include just in 

time, kanban and constant work in progress. Factors that must be analyzed prior to selecting a 
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lean methodology include industry, product or service, product mixture, variability and 

production levels. For example, just in time works best in environments where the product can 

be assembled quickly as soon as the customer orders it (Stevenson, 1998), reducing costs by 

eliminating the need for inventory storage (Swanson & Lankford, 1998). Kanban works best in a 

low variability manufacturing environment in which most products use the same parts (Diaz & 

Ardalan, 2010). Constant work in progress, a variation of kanban in which full products, rather 

than individual parts, are pulled into the system for production, works best in high variability or 

low production environments (Dalalah & Al-Araidah, 2010; Prakash & Chin, 2014; Spearman et 

al., 1990). 

To measure the impact of the constant work in progress system on the ability of 

Company XYZ to complete human resources technology work, a list of all work items between 

February 2012 and December 2017 was obtained from the Microsoft SharePoint site where the 

items were tracked. These items were delivered in a Microsoft Excel workbook. Each item 

appeared multiple times in the workbook, once for each time the item had been edited. The data 

was organized by copying and pasting all the work items for each month and year combination 

onto its own tab. This resulted in 71 tabs of data. Each tab was sorted first by item number, then 

by version. The formula =IF(A2=A3, “HIDE”, “SHOW”) was then applied so that the word 

HIDE would appear for all duplicate items. The formula =CONCATENATE(E2,G2) was applied 

to combine the either the word HIDE or SHOW with the item’s status. This resulted in the 

following values appearing in the workbook: Not StartedHIDE, Not StartedSHOW, In 

ProgressHIDE, In ProgressSHOW, ResolvedHIDE and ResolvedSHOW. The worksheet was 

then filtered to show only items with the word SHOW. Finally, the formulas 

=COUNTIF($H$2:$H$228,"Not StartedSHOW"), =COUNTIF($H$2:$H$228,"In 
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ProgressSHOW") and =COUNTIF($H$2:$H$228,"ResolvedSHOW") were applied to count the 

instances of each not started, in progress and resolved issue left at the end of each month. These 

counts were copied from each month/year tab and pasted onto an Aggregate Data tab. This data 

was used to create line charts via the Insert > Recommended Charts > Line menu, showing data 

trends between February 2012 and December 2017 for items in all statuses. The data was also 

used to calculate the average percentage change in work item levels for the team and per 

employee. Finally, t-tests were run to discover if the change in work item levels was statistically 

significant. 

The results of this study showed that at a team level, not started work items increased on 

average 24.16% per month, in progress work items decreased on average 43.84% per month and 

resolved work items decreased 16.77% on average per month. The changes in not started and in 

progress work item levels was statistically significant within a one percent margin of error. The 

change in resolved work items was found to be statistically insignificant. Per employee, not 

started work items increased 54.04% on average per month, in progress work items decreased 

11.69% on average per month and resolved work items increased 28.14% on average per month. 

The changes in not started work item levels per employee was statistically significant within a 

one percent margin of error. The change in in progress and resolved work item levels per 

employee was found to be statistically insignificant.  

Limitations 

The limitations of this study affected outcomes in several ways.  The constant work in 

progress system had only been in use for six months at the time of the study. For the first few 

months, team members were adjusting to continuously updating the status of their work items, as 
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well as creating the habit of documenting every work request they completed. Any omissions 

affected the results of the study.  

Because no funding was provided for the purchase of constant work in progress software, 

Microsoft SharePoint was modified to meet the team’s requirements, and the data gathered from 

Microsoft SharePoint was analyzed using Microsoft Excel.  This did not affect the outcome of 

the study, but did require more effort to extract and measure work items.  

The diverse channels through which team members received requests and the differing 

service levels each request required created challenges in the consistent use of the constant work 

in progress board. For example, requests arrived via email, phone call, case management tool or 

via team brainstorming session. Some requests required research to understand priority, and 

therefore were technically in progress before being prioritized. High priority requests often 

arrived mid sprint and would disrupt the list of already planned work items, requiring the team to 

reprioritize ad hoc. This affected the study because some items that were technically in progress 

were not displayed as such on the constant work in progress board.  

Finally, work items required different amounts of effort to complete, but these differences 

were not considered when measuring the amount of work resolved in the study. For example, 

one work item might have been a change to the wording in an automated email notification, 

taking fewer than thirty minutes to complete, while another item was the configuration for 

benefits open enrollment, taking several weeks and including multiple tasks. Because of this, it 

was impossible to know if the increase in resolved items per employee was due to a true increase 

in capacity or due to individuals working on a higher number of small effort items. The increase 

in not started and resolved items could also be due to the team’s increased diligence in 

documenting their work. 
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Conclusion 

 This study found that the implementation of the constant work in progress system at 

Company XYZ led to changes in the levels of work items in each status: not started, in progress 

and resolved. The team experienced an average monthly decrease of 12.19% in the difference 

between the total number of work items and the number of work items in a resolved status. This 

decrease can be attributed to the constant work in progress implementation within a five percent 

margin of error. Not started items increased on average 24.16% per month, attributable to the 

new system within one percent margin of error. In progress items decreased on average 43.84% 

per month, attributable to the new system within less than a one percent margin of error. 

Resolved items decreased on average 16.77% per month. This change was not found to be 

statistically significant, with a 32% margin of error. 

 Between February 2012 and December 2017, the dates for which data was analyzed for 

this study, staffing levels for the human resources technology team decreased. The average 

monthly staffing level prior to implementing the constant work in progress system was 7.17, 

while the average monthly staffing level after implementing the system was 4.38, a 38.91% 

decrease in staff. Because the changes in work item levels per month did not consider the 

decrease in staff, the number of work items in each status per month was divided by the number 

of employees for that month, resulting in the average number of work items per employee. These 

totals were analyzed to determine the average change in work item levels per employee before 

and after the constant work in progress system was adopted. Not started levels increased on 

average 54.04% per employee per month. This change was attributable to the constant work in 

progress system within less that a one percent margin of error. In progress levels decreased on 

average 11.69% per employee per month, but was not found to be statistically significant with a 
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24% margin of error. Resolved levels increased on average 28.14%. This change was not found 

to be statistically significant with a 23% per margin of error. 

The major finding from this study showed that the implementation of the constant work 

in progress system significantly decreased work in progress both at the team and individual level. 

Less work in progress translates to less money spent on work items that are not providing value 

to the company (Crandall & Burwell, 1993). While the exact savings in dollars was not 

discovered in this study, just in time theory suggest that employee wages, inventory holding 

costs and lost opportunity costs cause excess work in progress to be costlier than focusing on 

producing only as much as the customer requires (Ohno, 1988).  

Recommendations 

Prior to this study, Company XYZ’s human resources technology team did not have 

metrics in place to prove whether the new constant work in progress system was working to 

decrease work in progress and increase throughput. The team’s manager has continued 

measuring the efficacy of the system month over month using the metrics provided in this study. 

Additional metrics will be added as they are found useful. 

 Continued measurement of the constant work in progress system will bring two benefits. 

The average decrease in resolved levels for the team, the average decrease of in progress levels 

per employee and the average increase of resolved levels per employee were all found to be 

statistically insignificant. However, the data set prior to the adoption of constant work in 

progress was approximately ten times larger than the data set after the system was put in place. 

Additional data post implementation will communicate with more certainty if the changes seen 

in these work item levels can be attributed to the system. Additionally, by continuing to monitor 
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work item levels, the team will be able to better predict when to expect high volumes of work 

requests. This will allow for better preparation and planning.  

 This study exposed two improvements to the constant work in progress system that could 

provide additional benefits to the team. First, the effort required to complete each work item 

should be recorded in the constant work in progress board. The concept of story points, described 

as “a relative sizing approach that focuses on the scope of work, which is made up of effort of 

the work and its complexity” (Moreira, 2013, p. 187), could be applied to each item. By 

measuring story points instead of individual work items, the measures would better capture the 

real effort and capacity of the team over time. Second, work item statuses could be documented 

with more granularity. This would help to understand if there are bottlenecks in the system. For 

example, statuses such as not started, requirements gathering, development, testing and resolved 

would allow the team to measure the length of time in each stage, giving more insight into which 

stage creates a bottleneck (Swaminathan & Jain, 2012). However, this would require more 

administrative maintenance by the team to ensure that work items were in the correct status.  
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Appendix: Aggregate Monthly Data 

Date 
Not 
Started 

In 
Progress Resolved 

Resolved 
(Cumulative) Staff  

Not 
Started/Emp 

In 
Progress/ 
Emp 

Resolved/ 
Emp  Total 

Feb-

12 0 129 58 58 6 0.00 21.50 9.67 187 

Mar-

12 0 124 51 109 6 0.00 20.67 8.50 233 

Apr-

12 0 135 21 130 8 0.00 16.88 2.63 265 

May-

12 0 123 42 172 7 0.00 17.57 6.00 295 

Jun-

12 0 169 26 198 7 0.00 24.14 3.71 367 

Jul-

12 0 123 64 262 6 0.00 20.50 10.67 385 

Aug-

12 45 79 45 307 8 5.63 9.88 5.63 431 

Sep-

12 49 66 28 335 8 6.13 8.25 3.50 450 

Oct-

12 52 64 17 352 9 5.78 7.11 1.89 468 

Nov-

12 66 56 18 370 9 7.33 6.22 2.00 492 
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Date 
Not 
Started 

In 
Progress Resolved 

Resolved 
(Cumulative) Staff  

Not 
Started/Emp 

In 
Progress/ 
Emp 

Resolved/ 
Emp  Total 

Dec-

12 61 51 28 398 9 6.78 5.67 3.11 510 

Jan-

13 68 45 24 422 9 7.56 5.00 2.67 535 

Feb-

13 74 51 24 446 9 8.22 5.67 2.67 571 

Mar-

13 81 47 14 460 8 10.13 5.88 1.75 588 

Apr-

13 66 57 23 483 8 8.25 7.13 2.88 606 

May-

13 53 54 286 769 8 6.63 6.75 35.75 876 

Jun-

13 51 50 21 790 9 5.67 5.56 2.33 891 

Jul-

13 50 50 23 813 9 5.56 5.56 2.56 913 

Aug-

13 50 51 57 870 8 6.25 6.38 7.13 971 

 

Sep-

13 

 

53 

 

53 

 

11 

 

881 

 

7 

 

7.57 

 

7.57 

 

1.57 

 

987 
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Date 
Not 
Started 

In 
Progress Resolved 

Resolved 
(Cumulative) Staff  

Not 
Started/Emp 

In 
Progress/ 
Emp 

Resolved/ 
Emp  Total 

Oct-

13 54 52 35 916 8 6.75 6.50 4.38 1022 

Nov-

13 52 57 8 924 8 6.50 7.13 1.00 1033 

Dec-

13 42 64 32 956 8 5.25 8.00 4.00 1062 

Jan-

14 52 55 47 1003 8 6.50 6.88 5.88 1110 

Feb-

14 55 54 27 1030 8 6.88 6.75 3.38 1139 

Mar-

14 62 58 18 1048 7 8.86 8.29 2.57 1168 

Apr-

14 65 56 20 1068 8 8.13 7.00 2.50 1189 

May-

14 59 55 25 1093 6 9.83 9.17 4.17 1207 

Jun-

14 55 60 23 1116 7 7.86 8.57 3.29 1231 

 

Jul-

14 

 

59 

 

58 

 

40 

 

1156 

 

7 

 

8.43 

 

8.29 

 

5.71 

 

1273 
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Date 
Not 
Started 

In 
Progress Resolved 

Resolved 
(Cumulative) Staff  

Not 
Started/Emp 

In 
Progress/ 
Emp 

Resolved/ 
Emp  Total 

Aug-

14 58 61 13 1169 8 7.25 7.63 1.63 1288 

Sep-

14 65 66 12 1181 8 8.13 8.25 1.50 1312 

Oct-

14 63 70 17 1198 8 7.88 8.75 2.13 1331 

Nov-

14 62 72 13 1211 8 7.75 9.00 1.63 1345 

Dec-

14 66 72 10 1221 8 8.25 9.00 1.25 1359 

Jan-

15 61 74 21 1242 8 7.63 9.25 2.63 1377 

Feb-

15 59 69 19 1261 8 7.38 8.63 2.38 1389 

Mar-

15 59 81 11 1272 7 8.43 11.57 1.57 1412 

Apr-

15 63 86 6 1278 7 9.00 12.29 0.86 1427 

 

May-

15 

 

60 

 

86 

 

16 

 

1294 

 

7 

 

8.57 

 

12.29 

 

2.29 

 

1440 
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Date 
Not 
Started 

In 
Progress Resolved 

Resolved 
(Cumulative) Staff  

Not 
Started/Emp 

In 
Progress/ 
Emp 

Resolved/ 
Emp  Total 

Jun-

15 62 93 13 1307 7 8.86 13.29 1.86 1462 

Jul-

15 62 85 28 1335 7 8.86 12.14 4.00 1482 

Aug-

15 62 91 4 1339 7 8.86 13.00 0.57 1492 

Sep-

15 65 95 12 1351 7 9.29 13.57 1.71 1511 

Oct-

15 64 64 41 1392 7 9.14 9.14 5.86 1520 

Nov-

15 86 74 12 1404 7 12.29 10.57 1.71 1564 

Dec-

15 67 59 20 1424 7 9.57 8.43 2.86 1550 

Jan-

16 66 54 14 1438 7 9.43 7.71 2.00 1558 

Feb-

16 65 51 12 1450 7 9.29 7.29 1.71 1566 

 

Mar-

16 

 

65 

 

51 

 

4 

 

1454 

 

7 

 

9.29 

 

7.29 

 

0.57 

 

1570 
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Date 
Not 
Started 

In 
Progress Resolved 

Resolved 
(Cumulative) Staff  

Not 
Started/Emp 

In 
Progress/ 
Emp 

Resolved/ 
Emp  Total 

Apr-

16 65 50 10 1464 7 9.29 7.14 1.43 1579 

May-

16 64 53 7 1471 7 9.14 7.57 1.00 1588 

Jun-

16 62 55 9 1480 6 10.33 9.17 1.50 1597 

Jul-

16 63 53 3 1483 6 10.50 8.83 0.50 1599 

Aug-

16 65 54 3 1486 6 10.83 9.00 0.50 1605 

Sep-

16 67 52 5 1491 5 13.40 10.40 1.00 1610 

Oct-

16 69 51 6 1497 5 13.80 10.20 1.20 1617 

Nov-

16 71 53 4 1501 5 14.20 10.60 0.80 1625 

Dec-

16 71 54 9 1510 5 14.20 10.80 1.80 1635 

 

Jan-

17 

 

69 

 

57 

 

12 

 

1522 

 

5 

 

13.80 

 

11.40 

 

2.40 

 

1648 
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Date 
Not 
Started 

In 
Progress Resolved 

Resolved 
(Cumulative) Staff  

Not 
Started/Emp 

In 
Progress/ 
Emp 

Resolved/ 
Emp  Total 

Feb-

17 71 58 5 1527 5 14.20 11.60 1.00 1656 

Mar-

17 72 65 4 1531 5 14.40 13.00 0.80 1668 

Apr-

17 67 54 21 1552 5 13.40 10.80 4.20 1673 

May-

17 42 23 63 1615 5 8.40 4.60 12.60 1680 

Jun-

17 69 19 6 1621 5 13.80 3.80 1.20 1709 

Jul-

17 83 28 10 1631 5 16.60 5.60 2.00 1742 

Aug-

17 88 38 9 1640 5 17.60 7.60 1.80 1766 

Sep-

17 86 42 8 1648 4 21.50 10.50 2.00 1776 

Oct-

17 84 50 11 1659 3 28.00 16.67 3.67 1793 

 

Nov-

17 

 

60 

 

44 

 

44 

 

1703 

 

4 

 

15.00 

 

11.00 

 

11.00 

 

1807 
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Date 
Not 
Started 

In 
Progress Resolved 

Resolved 
(Cumulative) Staff  

Not 
Started/Emp 

In 
Progress/ 
Emp 

Resolved/ 
Emp  Total 

Dec-

17 79 39 13 1716 4 19.75 9.75 3.25 1834 

 


