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OVERVIEW
• We present a simulation model for the schedule creation and 

daily operations of an outpatient endoscopy clinic

• Sources of variability include patient arrival deviation, procedure 
duration, and patient scheduling preferences

•By simulating both scheduling and operations, we can better 
understand how our choice of polices affects patient access and 
outcomes
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OUTLINE

• Project Motivation

• Simulation Details 

• Analysis

• Conclusions
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PROJECT MOTIVATION
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MOTIVATION

• Colonoscopy is a type of endoscopy

•Colonoscopy is important because…
• Colorectal cancer (or CRC) is the second-leading cause of cancer 

death in the United States [1]
• Colonoscopy may reduce CRC incidence by up to 40% and reduce 

mortality by up to 50% [2]
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MOTIVATION

• Schedules are both important and challenging because

• There is variability in patient demand for appointments, preferences, 
arrivals, no-shows, and procedure durations

• Trade offs must be made between patient access, quality of care, 
resource utilization, and patient and provider satisfaction
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Researchers generally focus on either scheduling or operations 
when building clinical simulation models – we’re doing both.

SCHEDULING:
• A stochastic overbooking model 

for outpatient clinical scheduling 
with no-shows (Muthuraman & 
Lawley) [3] 

OPERATIONS:
• Reducing Outpatient Waiting 

Time: A Simulation Modeling 
Approach (Aeenparast et al.) [4]

• Simulation modeling to optimize 
healthcare delivery in an 
outpatient clinic (Norouzzadeh
et al.) [5]
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SIMULATION DETAILS
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SIMULATION BACKGROUND

• Simulating patient appointment scheduling and daily clinic 
operations

• Assumptions

• Single Provider

• Discrete Patient Types
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PATIENT FLOW DETAILS

12

Appointment 
Schedules

Patient 
Arrives to 

Clinic
Procedure

Patient 
Leaves 
Clinic



TEMPLATE

• Foundation the schedule is built 
on

• Defined by a set of dates 

• For each date:
• Open and close time
• Set of appointment slots
• Set of candidate patient types for 

each appointment slot
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SCHEDULING POLICIES

• Rule for how to fill appointment 
slots

• Example Policies

• First-Come- First-Serve (FCFS) by 
Patient Type

• FCFS

• FCFS by Type Unless Lengthy Delay

• No Restrictions
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SIMULATING 
SCHEDULE 
CONSTRUCTION
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FRAMEWORK
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METRICS

• Patient Wait Time

• Provider Idle Time

• Provider Overtime
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CAPTURING METRICS
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CAPTURING METRICS
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CAPTURING METRICS
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CAPTURING METRICS
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ANALYSES
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RV
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RV
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17:00

RV

NP

RV

NP

RV
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12:00
12:30
13:00

15:30

13:30
14:00

11:00
11:30

10:00
10:30

9:00
9:30

Generic Slots
Time of Day Appt Type

Custom Slots
Time of Day Appt Type

9:00 RV
9:30

NP
10:00
10:30 RV
11:00

NP
11:30
12:00 RV
12:30

NP
13:00
13:30 RV
14:00

NP
14:30
15:00 RV
15:30

NP
16:00
16:30
17:00
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Patient 
Type

Procedure 
Duration 

Mean

Procedure 
Duration 
Std. Dev.

RV 30 15
NP 60 15

Patient Parameters
Generic-Sized Blocks

EXAMPLE 1
CUSTOM APPOINTMENT SLOTS


Example Analysis 1 - Slot Sizes

				blue shorter



				Custom Slots								Generic Slots











				Time of Day		Appt Type						Time of Day		Appt Type











				9:00		RV						9:00		RV











				9:30		NP						9:30











				10:00								10:00		NP











				10:30		RV						10:30











				11:00		NP						11:00		RV











				11:30								11:30











				12:00		RV						12:00		NP











				12:30		NP						12:30











				13:00								13:00		RV











				13:30		RV						13:30











				14:00		NP						14:00		NP











				14:30								14:30











				15:00		RV						15:00		RV











				15:30		NP						15:30











				16:00								16:00		NP











				16:30								16:30











				17:00								17:00













																		Patient Parameters

																		Generic-Sized Blocks

																		Patient Type		Procedure Duration Mean		Procedure Duration Std. Dev.

																		RV		30		15

																		NP		60		15





Example Analysis 2 - Sm Changes

				blue shorter



				Mean Sized								Mean + 5 min Sized











				Time of Day		Appt Type						Time of Day		Appt Type











				9:00		RV						9:00		RV











				9:30		NP						9:30

														NP









				10:00								10:00











				10:30		RV						10:30



														RV







				11:00		NP						11:00





														NP





				11:30								11:30











				12:00		RV						12:00







														RV



				12:30		NP						12:30









														NP

				13:00								13:00











				13:30		RV						13:30











				14:00		NP						14:00		RV











				14:30								14:30

														NP









				15:00		RV						15:00











				15:30		NP						15:30



														RV







				16:00								16:00





														NP





				16:30								16:30











				17:00								17:00













																		Patient Parameters

																		Generic-Sized Blocks

																		Patient Type		Procedure Duration Mean		Procedure Duration Std. Dev.

																		RV		30		15

																		NP		60		15





Example Analysis 1



				Generic-Sized Blocks						Custom-Sized Blocks

				Time of Day		Patient Type				Time of Day		Patient Type

				0900		Type A				0900		Type A

				0930						0930		Type B

				1030						1030

				1100		Type B				1100		Type A

				1130						1130		Type B

				1200						1200

				1230		Type A				1230		Type A

				1300						1300		Type B

				1330						1330

				1400		Type B				1400		Type A

				1430						1430		Type B

				1500						1500

				1530		Type A				1530		Type A

				1600						1600		Type B

				1630						1630

				1700						1700



																				Patient Parameters

																				Generic-Sized Blocks

																				Patient Type		Procedure Duration Mean		Procedure Duration Std. Dev.

																				Type A		30		15

																				Type B		60		15

																				Custom-Sized Blocks

																				Patient Type		Procedure Duration Mean		Procudure Duration Std. Dev.

																				Type A		30		15

																				Type B		60		15



																														Generic-Sized Blocks

																														Avg. Patient Wait Time Mean		Std. Dev. of Wait Time		Provider Idle Time Mean		Provider Overtime Mean

																														16		5		40		35

																														16		3		77		72

																														37		9		22		16

																														Custom-Sized Blocks

																														Avg. Patient Wait Time Mean		Std. Dev. of Wait Time		Provider Idle Time Mean		Provider Overtime Mean

																														15		5		44		9

																														15		6		43		8

																														14		5		44		9

																														Percentage Change

																														Avg. Patient Wait Time Mean		Std. Dev. of Wait Time		Provider Idle Time Mean		Provider Overtime Mean

																														-8%		6%		10%		-75%

																														-4%		75%		-44%		-89%

																														-63%		-43%		104%		-45%

																														Total Change Per Metric

																														Avg. Patient Wait Time Mean		Std. Dev. of Wait Time		Provider Idle Time Mean		Provider Overtime Mean

																														-25%		13%		23%		-70%





TemplateAnimation





																						M		Tu		W		Th		F

																				0700				Proc		RV		RV		Proc

																				0800		RV

																				0900						NP		NP

																				1000		NP

																				1100				NP						NP

																				1200						Proc		NP

																				1300

						M		Tu		W		Th		F						1400				RV						NP

				0700																1500		NP

				0800																1600						NP

				0900																1700										RV

				1000																1800

				1100

				1200

				1300																		M		Tu		W		Th		F

				1400																0700				Proc		RV		RV		RV

				1500																0800		RV

				1600																0900						NP		NP

				1700																1000		NP

				1800																1100				NP						NP

																				1200						Proc		NP

																				1300

																				1400				RV						NP

								KEY:		Return Visit										1500		NP						Proc

										New Patient										1600						NP

										Procedure										1700										RV

																				1800





EmptyTemplate (No Key)



						M		Tu		W		Th		F

				0700																						s

				0800

				0900

				1000

				1100

				1200

				1300

				1400

				1500

				1600

				1700

				1800





FilledTemplate



						M		Tu		W		Th		F

				0700				Proc		RV		RV		Proc

				0800		RV

				0900						NP		NP

				1000		NP

				1100				NP						NP

				1200						Proc		NP

				1300		RV

				1400				RV						NP

				1500		NP						Proc

				1600				NP		NP

				1700										TypeA

				1800





EmptyTemplateAlternating



						M		Tu		W		Th		F

				0700

				0800

				0900

				1000

				1100

				1200

				1300

				1400

				1500

				1600

				1700

				1800





Two patientTypes 30 min(UP 0701

						(all these numbers are made up)



						M		Tu		W		Th		F				Patient Type		Type A		Type B

				0900		Type A		Type A		Type A		Type A		Type A				Arrival Delay Distribution		Normal		Normal

				0930		Type B		Type B		Type B		Type B		Type B				Arrival Delay Mean (min.)		7		4				RV

				1030														Arrival Delay Std. Dev. (min.)		3		6

				1100		Type A		Type A		Type A		Type A		Type A				Procedure Duration Distribution		Exponential		Exponential				NP

				1130		Type B		Type B		Type B		Type B		Type B				Procedure Duration Mean (min.)		30		60

				1200														Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type A		Type A		Type A		Type A		Type A

				1300		Type B		Type B		Type B		Type B		Type B

				1330

				1400		Type A		Type A		Type A		Type A		Type A				Output Metrics*		% / day		min. / day

				1430		Type B		Type B		Type B		Type B		Type B				Clinic Over Time		13%		64

				1500														Provider Idle Time		20%		123

				1530		Type A		Type A		Type A		Type A		Type A				Patient Wait Time		31%		220

				1600		Type B		Type B		Type B		Type B		Type B				* mean across 2000 replications

				1630

				1700

				One day

						(all these numbers are made up)



				Time of Day		Patient Type				Patient Type		Type A		Type B

				0900		Type A				Arrival Delay Distribution		Normal		Normal

				0930		Type B				Arrival Delay Mean (min.)		7		4

				1030						Arrival Delay Std. Dev. (min.)		3		6

				1100		Type A				Procedure Duration Distribution		Exponential		Exponential

				1130		Type B				Procedure Duration Mean (min.)		30		60

				1200						Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type A

				1300		Type B

				1330

				1400		Type A				Output Metrics*		% / day		min. / day

				1430		Type B				Clinic Over Time		13%		64

				1500						Provider Idle Time		20%		123

				1530		Type A				Patient Wait Time		31%		220

				1600		Type B				* mean across 2000 replications

				1630

				1700





Complex-first 30 min (UP 0701

						(all these numbers are made up)



						M		Tu		W		Th		F				Patient Type		Type C		Type D

				0900		Type D		Type D		Type D		Type D		Type D				Arrival Delay Distribution		Normal		Normal

				0930														Arrival Delay Mean (min.)		7		4

				1030		Type D		Type D		Type D		Type D		Type D				Arrival Delay Std. Dev. (min.)		3		6

				1100														Procedure Duration Distribution		Exponential		Exponential

				1130		Type D		Type D		Type D		Type D		Type D				Procedure Duration Mean (min.)		30		60

				1200														Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type D		Type D		Type D		Type D		Type D

				1300

				1330		Type C		Type C		Type C		Type C		Type C

				1400		Type C		Type C		Type C		Type C		Type C				Output Metrics*		% / day		min. / day

				1430		Type C		Type C		Type C		Type C		Type C				Clinic Over Time		13%		6400%

				1500		Type C		Type C		Type C		Type C		Type C				Provider Idle Time		20%		12300%

				1530		Type C		Type C		Type C		Type C		Type C				Patient Wait Time		31%		22000%

				1600		Type C		Type C		Type C		Type C		Type C				* mean across 2000 replications

				1630		Type C		Type C		Type C		Type C		Type C

				1700

				single day

						(all these numbers are made up)



				Time of Day		Patient Type				Patient Type		Type C		Type D

				0900		Type D				Arrival Delay Distribution		Normal		Normal

				0930						Arrival Delay Mean (min.)		7		4

				1030		Type D				Arrival Delay Std. Dev. (min.)		3		6

				1100						Procedure Duration Distribution		Exponential		Exponential

				1130		Type D				Procedure Duration Mean (min.)		30		60

				1200						Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type D

				1300

				1330		Type C

				1400		Type C				Output Metrics*		% / day		min. / day

				1430		Type C				Clinic Over Time		13%		64

				1500		Type C				Provider Idle Time		20%		123

				1530		Type C				Patient Wait Time		31%		220

				1600		Type C				* mean across 2000 replications

				1630		Type C

				1700





alternate-by-day 30m (UP 0701

				(all these numbers are made up)



						M		Tu		W		Th		F				Patient Type		Type A		Type B

				0900		Type A		Type B		Type A		Type B		Type A				Arrival Delay Distribution		Normal		Normal

				0930		Type A				Type A				Type A				Arrival Delay Mean (min.)		7		4

				1030		Type A		Type B		Type A		Type B		Type A				Arrival Delay Std. Dev. (min.)		3		6

				1100		Type A				Type A				Type A				Procedure Duration Distribution		Exponential		Exponential

				1130		Type A		Type B		Type A		Type B		Type A				Procedure Duration Mean (min.)		30		60

				1200		Type A				Type A				Type A				Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type A		Type B		Type A		Type B		Type A

				1300		Type A				Type A				Type A

				1330		Type A		Type B		Type A		Type B		Type A

				1400		Type A				Type A				Type A				Output Metrics*		% / day		min. / day

				1430		Type A		Type B		Type A		Type B		Type A				Clinic Over Time		13%		64

				1500		Type A				Type A				Type A				Provider Idle Time		20%		123

				1530		Type A		Type B		Type A		Type B		Type A				Patient Wait Time		31%		220

				1600		Type A				Type A				Type A				* mean across 2000 replications

				1630		Type A				Type A				Type A

				1700
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27%

-26%

-73%

Provider Idle Time Patient Wait Time Provider Overtime

July 17 2019, 2000 replications
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CUSTOM APPOINTMENT SLOTS



Mean + 5 min Sized
Time of Day Appt Type

9:00 RV
9:30

NP10:00
10:30 RV
11:00

NP11:30
12:00 RV
12:30

NP13:00
13:30
14:00 RV
14:30

NP15:00
15:30 RV
16:00

NP16:30

17:00

EXAMPLE 2
SENSTIVITY TO CHANGES
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• How sensitive are clinical 
operations to changes in 
appointment slot duration?
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Patient 
Type

Procedure 
Duration 

Mean

Procedure 
Duration 
Std. Dev.

RV 30 15
NP 60 15

Patient Parameters
Generic-Sized Blocks

Mean Sized
Time of Day Appt Type

9:00 RV
9:30

NP
10:00
10:30 RV
11:00

NP
11:30
12:00 RV
12:30

NP
13:00
13:30 RV
14:00

NP
14:30
15:00 RV
15:30

NP
16:00
16:30
17:00


Example Analysis 1 - Slot Sizes

				blue shorter



				Custom Slots								Generic Slots











				Time of Day		Appt Type						Time of Day		Appt Type











				9:00		RV						9:00		RV











				9:30		NP						9:30











				10:00								10:00		NP











				10:30		RV						10:30











				11:00		NP						11:00		RV











				11:30								11:30











				12:00		RV						12:00		NP











				12:30		NP						12:30











				13:00								13:00		RV











				13:30		RV						13:30











				14:00		NP						14:00		NP











				14:30								14:30











				15:00		RV						15:00		RV











				15:30		NP						15:30











				16:00								16:00		NP











				16:30								16:30











				17:00								17:00













																		Patient Parameters

																		Generic-Sized Blocks

																		Patient Type		Procedure Duration Mean		Procedure Duration Std. Dev.

																		RV		30		15

																		NP		60		15





Example Analysis 2 - Sm Changes

				blue shorter



				Mean Sized								Mean + 5 min Sized











				Time of Day		Appt Type						Time of Day		Appt Type











				9:00		RV						9:00		RV











				9:30		NP						9:30

														NP









				10:00								10:00











				10:30		RV						10:30



														RV







				11:00		NP						11:00





														NP





				11:30								11:30











				12:00		RV						12:00







														RV



				12:30		NP						12:30









														NP

				13:00								13:00











				13:30		RV						13:30











				14:00		NP						14:00		RV











				14:30								14:30

														NP









				15:00		RV						15:00











				15:30		NP						15:30



														RV







				16:00								16:00





														NP





				16:30								16:30











				17:00								17:00













																		Patient Parameters

																		Generic-Sized Blocks

																		Patient Type		Procedure Duration Mean		Procedure Duration Std. Dev.

																		RV		30		15

																		NP		60		15





Example Analysis 1



				Generic-Sized Blocks						Custom-Sized Blocks

				Time of Day		Patient Type				Time of Day		Patient Type

				0900		Type A				0900		Type A

				0930						0930		Type B

				1030						1030

				1100		Type B				1100		Type A

				1130						1130		Type B

				1200						1200

				1230		Type A				1230		Type A

				1300						1300		Type B

				1330						1330

				1400		Type B				1400		Type A

				1430						1430		Type B

				1500						1500

				1530		Type A				1530		Type A

				1600						1600		Type B

				1630						1630

				1700						1700



																				Patient Parameters

																				Generic-Sized Blocks

																				Patient Type		Procedure Duration Mean		Procedure Duration Std. Dev.

																				Type A		30		15

																				Type B		60		15

																				Custom-Sized Blocks

																				Patient Type		Procedure Duration Mean		Procudure Duration Std. Dev.

																				Type A		30		15

																				Type B		60		15



																														Generic-Sized Blocks

																														Avg. Patient Wait Time Mean		Std. Dev. of Wait Time		Provider Idle Time Mean		Provider Overtime Mean

																														16		5		40		35

																														16		3		77		72

																														37		9		22		16

																														Custom-Sized Blocks

																														Avg. Patient Wait Time Mean		Std. Dev. of Wait Time		Provider Idle Time Mean		Provider Overtime Mean

																														15		5		44		9

																														15		6		43		8

																														14		5		44		9

																														Percentage Change

																														Avg. Patient Wait Time Mean		Std. Dev. of Wait Time		Provider Idle Time Mean		Provider Overtime Mean

																														-8%		6%		10%		-75%

																														-4%		75%		-44%		-89%

																														-63%		-43%		104%		-45%

																														Total Change Per Metric

																														Avg. Patient Wait Time Mean		Std. Dev. of Wait Time		Provider Idle Time Mean		Provider Overtime Mean

																														-25%		13%		23%		-70%





TemplateAnimation





																						M		Tu		W		Th		F

																				0700				Proc		RV		RV		Proc

																				0800		RV

																				0900						NP		NP

																				1000		NP

																				1100				NP						NP

																				1200						Proc		NP

																				1300

						M		Tu		W		Th		F						1400				RV						NP

				0700																1500		NP

				0800																1600						NP

				0900																1700										RV

				1000																1800

				1100

				1200

				1300																		M		Tu		W		Th		F

				1400																0700				Proc		RV		RV		RV

				1500																0800		RV

				1600																0900						NP		NP

				1700																1000		NP

				1800																1100				NP						NP

																				1200						Proc		NP

																				1300

																				1400				RV						NP

								KEY:		Return Visit										1500		NP						Proc

										New Patient										1600						NP

										Procedure										1700										RV

																				1800





EmptyTemplate (No Key)



						M		Tu		W		Th		F

				0700																						s

				0800

				0900

				1000

				1100

				1200

				1300

				1400

				1500

				1600

				1700

				1800





FilledTemplate



						M		Tu		W		Th		F

				0700				Proc		RV		RV		Proc

				0800		RV

				0900						NP		NP

				1000		NP

				1100				NP						NP

				1200						Proc		NP

				1300		RV

				1400				RV						NP

				1500		NP						Proc

				1600				NP		NP

				1700										TypeA

				1800





EmptyTemplateAlternating



						M		Tu		W		Th		F

				0700

				0800

				0900

				1000

				1100

				1200

				1300

				1400

				1500

				1600

				1700

				1800





Two patientTypes 30 min(UP 0701

						(all these numbers are made up)



						M		Tu		W		Th		F				Patient Type		Type A		Type B

				0900		Type A		Type A		Type A		Type A		Type A				Arrival Delay Distribution		Normal		Normal

				0930		Type B		Type B		Type B		Type B		Type B				Arrival Delay Mean (min.)		7		4				RV

				1030														Arrival Delay Std. Dev. (min.)		3		6

				1100		Type A		Type A		Type A		Type A		Type A				Procedure Duration Distribution		Exponential		Exponential				NP

				1130		Type B		Type B		Type B		Type B		Type B				Procedure Duration Mean (min.)		30		60

				1200														Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type A		Type A		Type A		Type A		Type A

				1300		Type B		Type B		Type B		Type B		Type B

				1330

				1400		Type A		Type A		Type A		Type A		Type A				Output Metrics*		% / day		min. / day

				1430		Type B		Type B		Type B		Type B		Type B				Clinic Over Time		13%		64

				1500														Provider Idle Time		20%		123

				1530		Type A		Type A		Type A		Type A		Type A				Patient Wait Time		31%		220

				1600		Type B		Type B		Type B		Type B		Type B				* mean across 2000 replications

				1630

				1700

				One day

						(all these numbers are made up)



				Time of Day		Patient Type				Patient Type		Type A		Type B

				0900		Type A				Arrival Delay Distribution		Normal		Normal

				0930		Type B				Arrival Delay Mean (min.)		7		4

				1030						Arrival Delay Std. Dev. (min.)		3		6

				1100		Type A				Procedure Duration Distribution		Exponential		Exponential

				1130		Type B				Procedure Duration Mean (min.)		30		60

				1200						Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type A

				1300		Type B

				1330

				1400		Type A				Output Metrics*		% / day		min. / day

				1430		Type B				Clinic Over Time		13%		64

				1500						Provider Idle Time		20%		123

				1530		Type A				Patient Wait Time		31%		220

				1600		Type B				* mean across 2000 replications

				1630

				1700





Complex-first 30 min (UP 0701

						(all these numbers are made up)



						M		Tu		W		Th		F				Patient Type		Type C		Type D

				0900		Type D		Type D		Type D		Type D		Type D				Arrival Delay Distribution		Normal		Normal

				0930														Arrival Delay Mean (min.)		7		4

				1030		Type D		Type D		Type D		Type D		Type D				Arrival Delay Std. Dev. (min.)		3		6

				1100														Procedure Duration Distribution		Exponential		Exponential

				1130		Type D		Type D		Type D		Type D		Type D				Procedure Duration Mean (min.)		30		60

				1200														Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type D		Type D		Type D		Type D		Type D

				1300

				1330		Type C		Type C		Type C		Type C		Type C

				1400		Type C		Type C		Type C		Type C		Type C				Output Metrics*		% / day		min. / day

				1430		Type C		Type C		Type C		Type C		Type C				Clinic Over Time		13%		6400%

				1500		Type C		Type C		Type C		Type C		Type C				Provider Idle Time		20%		12300%

				1530		Type C		Type C		Type C		Type C		Type C				Patient Wait Time		31%		22000%

				1600		Type C		Type C		Type C		Type C		Type C				* mean across 2000 replications

				1630		Type C		Type C		Type C		Type C		Type C

				1700

				single day

						(all these numbers are made up)



				Time of Day		Patient Type				Patient Type		Type C		Type D

				0900		Type D				Arrival Delay Distribution		Normal		Normal

				0930						Arrival Delay Mean (min.)		7		4

				1030		Type D				Arrival Delay Std. Dev. (min.)		3		6

				1100						Procedure Duration Distribution		Exponential		Exponential

				1130		Type D				Procedure Duration Mean (min.)		30		60

				1200						Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type D

				1300

				1330		Type C

				1400		Type C				Output Metrics*		% / day		min. / day

				1430		Type C				Clinic Over Time		13%		64

				1500		Type C				Provider Idle Time		20%		123

				1530		Type C				Patient Wait Time		31%		220

				1600		Type C				* mean across 2000 replications

				1630		Type C

				1700





alternate-by-day 30m (UP 0701

				(all these numbers are made up)



						M		Tu		W		Th		F				Patient Type		Type A		Type B

				0900		Type A		Type B		Type A		Type B		Type A				Arrival Delay Distribution		Normal		Normal

				0930		Type A				Type A				Type A				Arrival Delay Mean (min.)		7		4

				1030		Type A		Type B		Type A		Type B		Type A				Arrival Delay Std. Dev. (min.)		3		6

				1100		Type A				Type A				Type A				Procedure Duration Distribution		Exponential		Exponential

				1130		Type A		Type B		Type A		Type B		Type A				Procedure Duration Mean (min.)		30		60

				1200		Type A				Type A				Type A				Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type A		Type B		Type A		Type B		Type A

				1300		Type A				Type A				Type A

				1330		Type A		Type B		Type A		Type B		Type A

				1400		Type A				Type A				Type A				Output Metrics*		% / day		min. / day

				1430		Type A		Type B		Type A		Type B		Type A				Clinic Over Time		13%		64

				1500		Type A				Type A				Type A				Provider Idle Time		20%		123

				1530		Type A		Type B		Type A		Type B		Type A				Patient Wait Time		31%		220

				1600		Type A				Type A				Type A				* mean across 2000 replications

				1630		Type A				Type A				Type A

				1700
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• What affect does the order of 
appointment slots have on 
clinical operations?

Project M
otivation | Sim
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Patient 
Type

Procedure 
Duration 

Mean

Procedure 
Duration 
Std. Dev.

RV 30 15
NP 60 15

Patient Parameters
Generic-Sized Blocks

Simple First
Time of Day Appt Type

9:00 RV
9:30 RV

10:00 RV
10:30 RV
11:00

NP11:30
12:00
12:30

NP13:00
13:30

NP14:00
14:30
15:00

NP15:30
16:00
16:30
17:00

Complex First
Time of Day Appt Type

9:00
NP9:30

10:00

NP10:30
11:00
11:30

NP12:00
12:30

NP13:00
13:30
14:00 RV
14:30 RV
15:00 RV
15:30 RV
16:00
16:30
17:00

EXAMPLE 3
ORDER MATTERS


Example Analysis 1 - Slot Sizes

				blue shorter



				Custom Slots								Generic Slots











				Time of Day		Appt Type						Time of Day		Appt Type











				9:00		RV						9:00		RV











				9:30		NP						9:30











				10:00								10:00		NP











				10:30		RV						10:30











				11:00		NP						11:00		RV











				11:30								11:30











				12:00		RV						12:00		NP











				12:30		NP						12:30











				13:00								13:00		RV











				13:30		RV						13:30











				14:00		NP						14:00		NP











				14:30								14:30











				15:00		RV						15:00		RV











				15:30		NP						15:30











				16:00								16:00		NP











				16:30								16:30











				17:00								17:00













																		Patient Parameters

																		Generic-Sized Blocks

																		Patient Type		Procedure Duration Mean		Procedure Duration Std. Dev.

																		RV		30		15

																		NP		60		15





Example Analysis 2 - Sm Changes

				blue shorter



				Mean Sized								Mean + 5 min Sized











				Time of Day		Appt Type						Time of Day		Appt Type











				9:00		RV						9:00		RV











				9:30		NP						9:30

														NP









				10:00								10:00











				10:30		RV						10:30



														RV







				11:00		NP						11:00





														NP





				11:30								11:30











				12:00		RV						12:00







														RV



				12:30		NP						12:30









														NP

				13:00								13:00











				13:30		RV						13:30











				14:00		NP						14:00		RV











				14:30								14:30

														NP









				15:00		RV						15:00











				15:30		NP						15:30



														RV







				16:00								16:00





														NP





				16:30								16:30











				17:00								17:00













																		Patient Parameters

																		Generic-Sized Blocks

																		Patient Type		Procedure Duration Mean		Procedure Duration Std. Dev.

																		RV		30		15

																		NP		60		15





Example Analysis 1



				Generic-Sized Blocks						Custom-Sized Blocks

				Time of Day		Patient Type				Time of Day		Patient Type

				0900		Type A				0900		Type A

				0930						0930		Type B

				1030						1030

				1100		Type B				1100		Type A

				1130						1130		Type B

				1200						1200

				1230		Type A				1230		Type A

				1300						1300		Type B

				1330						1330

				1400		Type B				1400		Type A

				1430						1430		Type B

				1500						1500

				1530		Type A				1530		Type A

				1600						1600		Type B

				1630						1630

				1700						1700



																				Patient Parameters

																				Generic-Sized Blocks

																				Patient Type		Procedure Duration Mean		Procedure Duration Std. Dev.

																				Type A		30		15

																				Type B		60		15

																				Custom-Sized Blocks

																				Patient Type		Procedure Duration Mean		Procudure Duration Std. Dev.

																				Type A		30		15

																				Type B		60		15



																														Generic-Sized Blocks

																														Avg. Patient Wait Time Mean		Std. Dev. of Wait Time		Provider Idle Time Mean		Provider Overtime Mean

																														16		5		40		35

																														16		3		77		72

																														37		9		22		16

																														Custom-Sized Blocks

																														Avg. Patient Wait Time Mean		Std. Dev. of Wait Time		Provider Idle Time Mean		Provider Overtime Mean

																														15		5		44		9

																														15		6		43		8

																														14		5		44		9

																														Percentage Change

																														Avg. Patient Wait Time Mean		Std. Dev. of Wait Time		Provider Idle Time Mean		Provider Overtime Mean

																														-8%		6%		10%		-75%

																														-4%		75%		-44%		-89%

																														-63%		-43%		104%		-45%

																														Total Change Per Metric

																														Avg. Patient Wait Time Mean		Std. Dev. of Wait Time		Provider Idle Time Mean		Provider Overtime Mean

																														-25%		13%		23%		-70%





TemplateAnimation





																						M		Tu		W		Th		F

																				0700				Proc		RV		RV		Proc

																				0800		RV

																				0900						NP		NP

																				1000		NP

																				1100				NP						NP

																				1200						Proc		NP

																				1300

						M		Tu		W		Th		F						1400				RV						NP

				0700																1500		NP

				0800																1600						NP

				0900																1700										RV

				1000																1800

				1100

				1200

				1300																		M		Tu		W		Th		F

				1400																0700				Proc		RV		RV		RV

				1500																0800		RV

				1600																0900						NP		NP

				1700																1000		NP

				1800																1100				NP						NP

																				1200						Proc		NP

																				1300

																				1400				RV						NP

								KEY:		Return Visit										1500		NP						Proc

										New Patient										1600						NP

										Procedure										1700										RV

																				1800





EmptyTemplate (No Key)



						M		Tu		W		Th		F

				0700																						s

				0800

				0900

				1000

				1100

				1200

				1300

				1400

				1500

				1600

				1700

				1800





FilledTemplate



						M		Tu		W		Th		F

				0700				Proc		RV		RV		Proc

				0800		RV

				0900						NP		NP

				1000		NP

				1100				NP						NP

				1200						Proc		NP

				1300		RV

				1400				RV						NP

				1500		NP						Proc

				1600				NP		NP

				1700										TypeA

				1800





EmptyTemplateAlternating



						M		Tu		W		Th		F

				0700

				0800

				0900

				1000

				1100

				1200

				1300

				1400

				1500

				1600

				1700

				1800





Two patientTypes 30 min(UP 0701

						(all these numbers are made up)



						M		Tu		W		Th		F				Patient Type		Type A		Type B

				0900		Type A		Type A		Type A		Type A		Type A				Arrival Delay Distribution		Normal		Normal

				0930		Type B		Type B		Type B		Type B		Type B				Arrival Delay Mean (min.)		7		4				RV

				1030														Arrival Delay Std. Dev. (min.)		3		6

				1100		Type A		Type A		Type A		Type A		Type A				Procedure Duration Distribution		Exponential		Exponential				NP

				1130		Type B		Type B		Type B		Type B		Type B				Procedure Duration Mean (min.)		30		60

				1200														Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type A		Type A		Type A		Type A		Type A

				1300		Type B		Type B		Type B		Type B		Type B

				1330

				1400		Type A		Type A		Type A		Type A		Type A				Output Metrics*		% / day		min. / day

				1430		Type B		Type B		Type B		Type B		Type B				Clinic Over Time		13%		64

				1500														Provider Idle Time		20%		123

				1530		Type A		Type A		Type A		Type A		Type A				Patient Wait Time		31%		220

				1600		Type B		Type B		Type B		Type B		Type B				* mean across 2000 replications

				1630

				1700

				One day

						(all these numbers are made up)



				Time of Day		Patient Type				Patient Type		Type A		Type B

				0900		Type A				Arrival Delay Distribution		Normal		Normal

				0930		Type B				Arrival Delay Mean (min.)		7		4

				1030						Arrival Delay Std. Dev. (min.)		3		6

				1100		Type A				Procedure Duration Distribution		Exponential		Exponential

				1130		Type B				Procedure Duration Mean (min.)		30		60

				1200						Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type A

				1300		Type B

				1330

				1400		Type A				Output Metrics*		% / day		min. / day

				1430		Type B				Clinic Over Time		13%		64

				1500						Provider Idle Time		20%		123

				1530		Type A				Patient Wait Time		31%		220

				1600		Type B				* mean across 2000 replications

				1630

				1700





Complex-first 30 min (UP 0701

						(all these numbers are made up)



						M		Tu		W		Th		F				Patient Type		Type C		Type D

				0900		Type D		Type D		Type D		Type D		Type D				Arrival Delay Distribution		Normal		Normal

				0930														Arrival Delay Mean (min.)		7		4

				1030		Type D		Type D		Type D		Type D		Type D				Arrival Delay Std. Dev. (min.)		3		6

				1100														Procedure Duration Distribution		Exponential		Exponential

				1130		Type D		Type D		Type D		Type D		Type D				Procedure Duration Mean (min.)		30		60

				1200														Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type D		Type D		Type D		Type D		Type D

				1300

				1330		Type C		Type C		Type C		Type C		Type C

				1400		Type C		Type C		Type C		Type C		Type C				Output Metrics*		% / day		min. / day

				1430		Type C		Type C		Type C		Type C		Type C				Clinic Over Time		13%		6400%

				1500		Type C		Type C		Type C		Type C		Type C				Provider Idle Time		20%		12300%

				1530		Type C		Type C		Type C		Type C		Type C				Patient Wait Time		31%		22000%

				1600		Type C		Type C		Type C		Type C		Type C				* mean across 2000 replications

				1630		Type C		Type C		Type C		Type C		Type C

				1700

				single day

						(all these numbers are made up)



				Time of Day		Patient Type				Patient Type		Type C		Type D

				0900		Type D				Arrival Delay Distribution		Normal		Normal

				0930						Arrival Delay Mean (min.)		7		4

				1030		Type D				Arrival Delay Std. Dev. (min.)		3		6

				1100						Procedure Duration Distribution		Exponential		Exponential

				1130		Type D				Procedure Duration Mean (min.)		30		60

				1200						Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type D

				1300

				1330		Type C

				1400		Type C				Output Metrics*		% / day		min. / day

				1430		Type C				Clinic Over Time		13%		64

				1500		Type C				Provider Idle Time		20%		123

				1530		Type C				Patient Wait Time		31%		220

				1600		Type C				* mean across 2000 replications

				1630		Type C

				1700





alternate-by-day 30m (UP 0701

				(all these numbers are made up)



						M		Tu		W		Th		F				Patient Type		Type A		Type B

				0900		Type A		Type B		Type A		Type B		Type A				Arrival Delay Distribution		Normal		Normal

				0930		Type A				Type A				Type A				Arrival Delay Mean (min.)		7		4

				1030		Type A		Type B		Type A		Type B		Type A				Arrival Delay Std. Dev. (min.)		3		6

				1100		Type A				Type A				Type A				Procedure Duration Distribution		Exponential		Exponential

				1130		Type A		Type B		Type A		Type B		Type A				Procedure Duration Mean (min.)		30		60

				1200		Type A				Type A				Type A				Procedure Duration Std. Dev. (min.)		N/A		N/A

				1230		Type A		Type B		Type A		Type B		Type A

				1300		Type A				Type A				Type A

				1330		Type A		Type B		Type A		Type B		Type A

				1400		Type A				Type A				Type A				Output Metrics*		% / day		min. / day

				1430		Type A		Type B		Type A		Type B		Type A				Clinic Over Time		13%		64

				1500		Type A				Type A				Type A				Provider Idle Time		20%		123

				1530		Type A		Type B		Type A		Type B		Type A				Patient Wait Time		31%		220

				1600		Type A				Type A				Type A				* mean across 2000 replications

				1630		Type A				Type A				Type A

				1700
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CONCLUSIONS
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CONCLUSIONS
• Simulating clinic scheduling and 

operations allows new policies to be 
tested robustly at low cost 

• Simulation is useful in communicating the 
role in random variability plays in clinical 
operations to clinical collaborators

• Trade-offs must be made between patient 
access, provider utilization, and patient 
wait time
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QUESTIONS?
Contact: 

Jakob Kiel-Locey, jakobkl@umich.edu
OR

cheps-contact@umich.edu
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