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Executive Summary 
 

Scheduling employee’s staff is a crucial part of the operations of any organization. The 

organization must be efficiently schedule the staff to meet the continuous and potentially 

changing business demands. Staff scheduling becomes challenging when the need to balance 

various personnel shifts and try to accommodate their preferences. 

In our report, we have attempted to address the lifeguard scheduling problem at Shute 

Park Aquatic and Recreation Center (SHARC). The aquatic center offers a variety of classes all 

year around for all age groups. The lifeguards and swim instructors are part-time employees 

and mostly students, over 16 years of age. The primary metrics used to schedule lifeguard staff 

are availability of personnel, avoid double booking when already working in other areas of 

SHARC, gender diversity, performance, and assessment by supervisor based on previous 

history.   There are situations of last minute cancellations and thus a substitute has to be 

scheduled for those emergency situations. Currently the SHARC manager uses Microsoft Word 

for scheduling lifeguards. This paper attempts to propose a scheduling tool based on excel to 

cope with the emergency substitute scheduling of the lifeguards and document the process 

rather than relying on a person’s memory. Through this paper we attempt the following: 

1) To address the issue of last minute scheduling and find a reliable person to cover. 

2) To develop a model that be used for automation of life guard scheduling process. 

3) To provide an Excel based program replacing the current word based for automated 

scheduling at no extra cost. 

4) To achieve scheduling of personnel at least cost. 
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Introduction 
 

Hillsboro Parks & Recreation’s Shute Park Aquatic & Recreation Center (SHARC), offers 

the community an aquatics facility with three pools and a spa, cardio/weight room, group 

exercise room, cycling room for spin classes, massage therapy, sauna, personal training, a Kid 

Fit childcare room, and a variety of aquatic and dry land recreational classes [1]. 

Water amenities at SHARC include two indoor pools, a spa pool and a sauna as well as an 

Outdoor Pool which is closed from September-June. The outdoor pool is used by the Hillsboro 

Heat and the Hillsboro School District during the off season. [2]. The pools are scheduled for 

different activities and offer classes for different age groups. Swim lessons, lap swim, rec swim, 

swim teams, swim lessons also rentals are available in the facility [3]. All of those events require 

lifeguards. The popularity of swimming pools is changed by different seasons. Different times of 

the year bring different scheduling requirements. In this study, we analyzed and optimized 

different lifeguard scheduling options depending on their availability and characteristics.  

Literature Research 
 

Operations Research is a wide field and research papers abound for solving this type of 

issue. In the market we have many formulations and software packages able to calculate the 

optimal solution for a scheduling problem. For our project we used MS Excel and integer 

programming for optimization. 

Our study is a complex scheduling problem because it involves multiple objectives; such 

as minimizing the lifeguard cost while choosing them based on their availability and other 

preferences. To deal with these issues we decided to apply goal programming (GP) to our 

scheduling problem. Goal programming (GP) is a multi-criteria technique that makes it possible 

to build mathematical programming models consisting of linear or nonlinear functions and 

continuous or discrete variables, in which all functions have been transformed into goals [4]. 

The paper “A goal programming approach to estimating performance weights for ranking firms  
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[4]” proposes applying multiple criteria methods for combining a firm’s performance indices 

into a coherent whole and for enabling implementation by computer programs designed to 

process business and financial information. For this purpose, they addressed 3 case studies 

Greek pharmaceutical companies, Chinese textile manufacturers and a group of companies 

listed on Spanish Ibex-35. In their model, they calculated the weights by means of a restricted 

regression in which the similarity between the single criterion performance measures and the 

multi criteria performance is maximized.  

We also found a very similar research paper by Bouarab (et. all) [5] and the objective in 

it consists of minimizing total costs while maximizing the nurses’ preferences and requests, and 

equally distributing workload between nurses. In addition, the constraints show some 

similarities as well. They put constraints for demand for each shift, shifts that can be assigned 

to each particular nurse and maximum number of consecutive days of work. To build the 

model, they respectively collected the preferences, sketched the schedule, corrected, posted 

and adjusted the schedule. Their objective function constituted of three terms. The first term 

specifies that rotation from one shift to another be minimized. The second one is a quadratic 

term that ensures that penalty increase rapidly when moving away from quota requirements 

and finally the third ensures that those preferences are maximized [5]. The project has been 

very helpful to apply leanings in operations research and optimizing resources for our study. 

Another similar study that we found was related to library staff scheduling. This paper 

[6] has been a good reference since it addresses some of the requirements similar to that of 

SHARC like there must be at least a minimum number of lifeguards present at any time, the 

assignment on the basis of availability etc. The paper also outlines how they have used the 

various features of the spreadsheet like cell protection, referencing to perceive the availability 

of the persons in the model. It also provides a step by step overview of how the various 

constraints apply on the model and the optimal integer solution schedule is generated. This has 

been very helpful in understanding how we should formulate our objective and constraints.  
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Data Gathering 
 

We scheduled a few meetings with the SHARC scheduling manager for understanding 

the problem and collect primary data. We met with The Recreation Program Supervisor and 

obtained several documents (shown in the appendix section) related to - 

1. Life Guard Schedule (March 2013) 

2. WCS (part time supervisors) schedule (March 2013) 

3. Summer Schedule of the lifeguards. (March 2013) 

4.  The availability form which is filled by the lifeguards for their preferred availability. (March 

2013) 

5. Kids Fit, Concession, Cashier schedules (March 2013) 

The above schedules and information helped use to define our objective and constraints. 

Current Approach 
 

Currently, the scheduling Manager uses a word template to schedule all the lifeguards. 

The schedules are prepared by her on a monthly basis. After all the staff scheduling in other 

departments (WCS, Concessions, kids fit, cashier) have been completed, she starts to work on 

the Life Guard portion of the scheduling.  She finishes her schedule by the fifteenth of each 

month. She provides this lifeguard schedule to the swim instructor supervisor to schedule the 

swim instructors. The biggest challenge is to find suitable substitutes for the last minute 

cancellations. She uses her experience to find and call replacements to cover those vacated 

spots; most of the information is by memory, which makes it a nightmare when she goes on 

vacation, for the supervisor covering for her.  For emergency scheduling she considers 

proximity, availability of transportation, reliability of the person, and the number of hours 

assigned to them during the week. 
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The flowchart below shows the current scheduling model in use today. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Current Process 
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Model  
 

Parameters: 

 j: shifts   {Monday-Thursday:5.15am-9am, 9am-11am, 11am-1pm, 1pm-4pm, 4pm-

7pm, 6.45pm-9.15pm}  

 i: person   {1,2,3,……….,75} 

 Dj : Demand for jth  shift  {Integers} 

 Aij : person i assigned for jth shift  {Binary} 

 Pij :  Worker i preference to work on shift j  {Binary} 

 Ti : Total Hours assigned to other department.  {Integers} 

Decision variable:  

Aij : person assigned for jth shift 

Objective: 

In our scheduling problem, we have multiple goals. To fit those multiple goal to our model, we 

identify different goals and we assigned weights for each goal.  

 Minimize  

◦ G1 = Minimize going over demand 

◦ G2 = Minimize breaking continuous segments going on preference/availability 

 

Objective function: min (W1 G1 + W2 G2) 

   ∑     
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   ∑  ∑    

  

   

             

            
          

 

 

 

   ∑ ∑    

       

          

  

   
                                             

 

 

Constraints:  

1) Demand Constraint: Total people assigned for shift j should be greater than equal to demand 

for jth shift.  

∑    

  

   
          

 

2) Staff Preference: Worker i’s availability/preference to work on shift j should be greater than 

equal to that person’s assignment for jth shift, i.e. do not assign an employee into a timeslot 

that they have indicated that they are unavailable. 

                

 

3) Maximum Hours Allowed per week: Worker i’s assignment to work should not exceed 19 

hours. 

∑    

             

            
          

 

4) Minimum Hours: Worker i’s assignment to work should not be less than 2 hours. 

∑    

             

            
      

 

5) Reliable Employee for Emergency Scheduling: Schedule at least one reliable employee into 

each shift j. Reliability R is defined as a score for employee i. 
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∑    

  

   
                     

 

 

 

6) Gender Balance for last timeslot of day: Need at least one female employee at the last time 

slot of day. Gender G is identifies the gender of employee i.  

∑    

  

   
                                   

 

7) Gender Balance for last timeslot of day: Need at least one male employee at the last time 

slot of day. Gender G is identifies the gender of employee i. 

∑    

  

   
                                   

 

8)  Binary Constraint 

            

 

9) Non-negativity constraint 

      

 

Excel Outputs  
 

Step 1- Employee Data Setup 

We defined the parameters based on the data and information provided by the 

Scheduling Manager. She uses 2 key pieces of information, their availability and a measure of 

their efficiency. The employee efficiency score is based upon the employee’s proximity to work, 

transportation mode, past performance, response time and skill level. At least one reliable 

lifeguard needs to be present at each shift and the score can be used to determine the 

sequence of calling in substitutes. Specifically for the last time slot of the day, she also needs to 

make sure that there is at least one male and one female lifeguard on duty. 

This scoring helped us to generate the efficiency scores and thus the employees who 

were having a higher efficiency score are considered as reliable. This will enable the scheduling 
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supervisor to save time to figure out whom to call and schedule for the last minute needs. The 

employee data setup is shown in Figure 2. 

 

 

 

 

Figure 2. Employee Reliability and Availability Chart 

Step 2- Solver Setup 

Once the employee data was setup, now we could start the solver. As we started with 

75 employees, we immediately uncovered the limitation with Excel solver of exceeding the 

number of variables, so we decided to validate the model using a smaller dataset and reduced 

it to 10 employees. The Excel Solver Setup is shown in Figure 3. 
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Figure 3. Solver Setup for Lifeguard Scheduling 

 

Step 3 – Substitute Schedule 

 The scheduling supervisor uses the employee reliability as the main factor in 

determining the calling tree to use when a scheduled employee is unable to work; this is easily 

derived by identifying those employees who have not been assigned to a timeslot and using 

their reliability factor as the sequence to call down the calling tree. We used the Sum of Aij (for 

those Aij == 0) and Reliability factor of Employee i with the conditional formatting feature in 

Excel to derive this information. The result is shown in Figure 4. 

 

Figure 4. Substitute schedule 
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Step 4 - Analyzing results 

We decided to experiment using different weight values for the G1 and G2 as well as 

analyze the performance results. We ran the same model 7 times with different weight values. 

The key was that the assignments did not change significantly perhaps based upon a 

combination of the small employee pool and the tight constraints. The results are shown in 

Figures 5 and 6. 

 

Figure 5. Iteration results 

 

Figure 6. Iteration results graph 

 

Conclusion  
 

The model developed by our team for SHARC will enable the supervisors to choose from a 

list of reliable lifeguards for emergency scheduling. Our model has several advantages over the 

current approach- 

 We will be having a proper documented schedule rather than having to schedule by 

memory. 

 The model can be used without any additional cost. 

 It will enable the users to save time and is simple to use. 

 Quickly schedule the staff for any month. 

 The model will provide the flexibility to various people to schedule their staff. 

 The excel model can be extended to incorporate further future preferences. 

 By providing weights to various parameters, a list of most reliable employees for 

emergency scheduling can be generated. 
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Our project allowed us to solve a real world problem using Optimization techniques. Given the 

ten week class, it was until week Six when our team began to understand how to implement 

and solve this type of problem. We ran into multiple issues, including Excel solver limitation on 

the number of variables it allows; to overcame that obstacle, and still be able to use excel our 

team reduced the data set to ten employees and scheduled employees for only one day. 

If a team wanted to extend and provide a more complete solution, they could incorporate the 

model into GLPK or some other software package which allowed for the whole data set to be 

run. A second improvement to our model could be the addition of an automated “paging or 

texting” script to call or text the individuals determined to be suitable replacements. 
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Dates: MARCH 2013: Friday, March 1st – Sunday, March 24th (No Spring Break) 

TIME Monday Tuesday Wednes. Thursday Friday TIME Saturday TIME Sunday 

5:15a – 

9:00a 

Lap 

WEX  

1 Will 

2 Sarah V 

1 OPEN 

2 Isis 

1 Sarah V 

2 Isis 

1 Isis 

2 OPEN 

1 Isis 

2 Will 

6:45a – 

8:45a 

Lap 

Adult 

1 Peter 

2 Nate 

 
 

7:45a – 

10:00a 

Lap 

 

1 Peter 

2 Nate 

 
 

9:00a – 

11:00a 

Lap 

WEX 

1 Zach B 

2 Sarah V 
 

1 Ty 

2 Jason 

    
 

1 Isis 

2 Sarah V 
 

1 Spears 

2 Ty 

    
 

1 Zach H 

2 Will(11:15) 
  Sarah teach 
WEX 10-11 am 
Start at 11:15a 

8:45a-
12:00p 
Lessons 

 

See posted 
schedule! 
Lessons 

END: 3/16 

  

11:00a-

1:00p 

Lessons 

Lap 

1 Zach B 

2 Sarah V 
   
 

1 Ty 

2 Jason 
   
 

1 Zach B 

2 Sarah V 
   
 

1 Spears 

2 Ty 
   
 

1 Will(11:15) 

1 Sarah 

2 Zach H 
   
 

8:45a - 

12:30p 

Lessons 

Lap 
*new time 

1 Peter 

2 Nate 

3 Tanya* 
 

*3/2-3/16  
only 

 

10:00a - 

12:30p 
Preschool 

Lap 

1 Peter 

2 Nate 

 
 

9:30a-
2:30p 
Lessons 
HomeSchool 
 
Please see SL 
schedule for 
start times 

 

TBD 
See posted 

SL 
Schedule 

 

TBD 
See posted 

SL 
Schedule 

 

TBD 
See posted 

SL 
Schedule 

END: 3/13 
 

TBD 
See posted 

SL 
Schedule 

END: 3/14 
 

 12:15p – 

3:45p 

Rec 

Swim 
 

1 Nate 

2 Sarah H 

3 Tanya 

4 Meigs 

5 Peter 

6 Mariah 

7 WSC 

12:15p– 

3:45p 

Rec 

Swim 
Maintenance 

 

1 Nate 

2 Lemieux 

3 Tanya 

4 Mariah 

5 Morgan 

6 Sarah H 

7 Thatcher 

 

1:00p – 

4:00p 

Lessons 

 

1 Zach H 

2 Meigs 

1 Morgan 

2 Ty  

1 Zach B 

2 Meigs 

1 Ty 

2 Spears 

1 Sarah 

2 Scott 

3:30p – 

4:30p 

Rental 

 3:30p – 

4:30p 

Rental 

 

4:00p 

7:00p 

Lessons 

Lap 

WEX 

 
 

1 Casey 

2 Meigs 

3 Devin 

 
 

1 Morgan 

2 Hannah 

3 Zach B 

1 OPEN 

2 Devin 

3 Meigs 

 
 

1 Devin 

2 Zach B 

3 Morgan 
 

1 Mariah 

2 Scott (6) 

(6)Hannah 

 
 

4:15p – 

7:45p 

Rec  

Swim 
 

 

1 Meigs 

2 Sarah H 

3 Sharon 

4 Metzsch 

5 Grace 

6 Bailey 

7 Spears 

 

4:15p – 

6:45p 

Rec 

Swim 
 
 

1 OPEN 

2 Sarah H 

3 Morgan 

4 Grace 

5 Tanya 

6 Thatcher 

7 Mariah 

2:15p- 
7:00p 
Lessons 
 
Please see SL 
schedule for 
start times. 

TBD 
See posted 

SL 
Schedule 

 

TBD 
See posted 

SL 
Schedule 

 

TBD 
See posted 

SL 
Schedule 

END: 3/13 
 

TBD 
See posted 

SL 
Schedule 

END: 3/14 
 

     

6:45p – 

9:15p 

Rec 

Swim 

 

1 Jared 

2 Meigs 

3 Amanda 

4 Casey 

5 Zach H 

6 Shay 

1 Zach H 

2 Shay 

3 Zach B 

4 Jared 

5 Hannah 

6 Amanda 

1 Zach H 

2 Jared 

3 Meigs 

4 Shay 

5 Zach B 

6 Spears 

1 Zach H 

2 Sharon 

3 Jared 

4 Bailey 

5 Zach B 

6 Grace 

1 Casey 

2 Spears 

3 Philip 

4 Shay 

5 Grace 

6 Mariah 

7 Hannah 

 

  

    

 If there is a (#) before your name, that is your start time. If there is a (#) behind your name, that is your end time.  
 Schedules are subject to change. Please note the AS OF Date in bottom corner. 

SHARC: LIFEGUARD Schedule  
 

 

Both LG on stand 3:30 – 4:00 pm M-Th 

No School Day Recreation Swims 
 

Friday, March 22nd        12:45 – 3:15 pm 

1 Sarah V 2 Amanda H 3 Isis C 
4 Tanya J 5 Thatcher 6 Zach H 
7 Ben M  WSC: Scott T. 
 
 

Spring Break schedule will run Monday, 
March 25

th
 through Sunday, March 31

st
. 

 


