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Leveling: Key Points 

 The concept of leveling calls for patient/procedure types and 

volumes to be spread out to produce as level a production as 

possible. 

 Leveling is fundamental to both Just-In-Time production and flow. 

 Level production is a method to achieve an even flow of 

patients/procedure types and volumes. 

 There are four main production scheduling systems, each based 

on the number of production opportunities per month. 

 Leveling techniques use current market needs as a basis for 

determining Pitch (if the line is properly balanced, Pitch equals 

Cycle Time equals Takt Time). 

 To raise overall efficiency, the entire production system must be 

developed as a flow production system. 
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What is Level Production? 
Differences in Reducing Patterns of 

Patient/procedure and Supplies Inventories 

Usually, organizations can effectively use a 

statistical inventory control method, such as the 

reorder point method, for handling products 

(patients/procedures) and replacement 

supplies. These methods are not suitable for all 

types of inventory being used in the 

organization. One reason for this is the different 

kinds of demand for these two kinds of 

inventory.  

Approach to Leveling 

Use Just-In-Time scheduling to focus operations 

on customer needs. This achieves an even level 

of high productivity throughout the process while 

lowering costs. The JIT technique for doing that 

is called production leveling. 

Demand Trends for Product and 

Parts Inventories 

Surgeries 

In healthcare, surgery schedules tend to 

start all surgeries at the same time in the 

morning.  This type of production leads to 

sub-optimal use of OR time and 

overwhelmed recovery areas. 
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Various Ways to Create Production Schedules 

There are four main production scheduling methods, 

each based primarily on the number of production 

opportunities per month: 

1. Once-a-month production. 

2. Once-a-week production. 

3. Once-a-day production. 

4. Level production. 

How do we schedule patients in healthcare? 

Do we think about how often a particular type of procedure or 

patient visit occurs when planning our work processes? 

How do we schedule primary care visits? 

How about specialty clinic scheduling? 

What about sample processing in the Lab? 
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Various Ways to Create Production Schedules 

Once-a-Month Production 

Once-a-month production scheduling often 

happens when low demand for certain 

products results in only one production 

opportunity per month. 

This method starts with a figure for how 

many products need to be made in a 

month, and from this figure we calculate 

the standard daily output that will add up to 

the desired monthly totals.  

Once-a-Month Production 

We might do 1 complex neurosurgery, 2 

cardiothoracic surgeries, and 500 simple 

surgical procedures within a given time.  We 

look to see how often and how many occurred 

within a time period and schedule those 

surgeries for once a month. 
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Various Ways to Create Production Schedules 
Once-a-Week Production 

Whether it is once-a-month or once-a-week 

production, the basic philosophy is the same. The 

big difference is that less time and space is needed 

to produce the same amount. 

As seen in the figure, the month’s estimated output 

is unconditionally divided into four equal weekly 

totals, with a separate production schedule created 

for each week. Sometimes the output for the 

current week must be raised or lowered depending 

upon how product inventory levels stood at the end 

of the previous week.  

Once-a-Week Production 

We would understand our complex surgery demand 

and schedule production to meet that demand on a 

weekly basis.  All complex surgeries would be done 

on Monday, for example.  We might have to add a 

second day the next week to meet our demand. 
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Various Ways to Create Production Schedules 
Once-a-Day Production Once-a-Day Production 

Divide up the estimated monthly output into the number of 

working days in the month so that production of the entire 

assortment of patient/procedure types gets repeated once 

a day. This puts a focus on process flow using an 

integrated production line.  

Once-a-day production is a much more sophisticated and 

detailed way of scheduling production because it provides 

20 times the production opportunities of once-a-month 

production and produces 20 times less inventory of 

supplies.  

Detailed as it is, however, once-a-day production does not 

necessarily mean level production. The factory is still 

carrying out the same old “shish-kabob” production routine, 

but with more patient/procedure type changeovers. 

We would schedule an opportunity for complex surgeries 

every, day but would do all of them at 3 pm every day. We 

would do our more numerous, less complex surgeries all in 

the morning. 
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Various Ways to Create Production Schedules 
Production Leveling Level Production 

The fundamental concept underlying level production 

is that production of different patient/procedure types - 

whether as a lot production or one-piece flow 

production - can be evenly spread out to match the 

current demand. 

This method may also require adjusting the 

production pitch accordingly and maintaining an 

integrated production line. 

Define production leveling as “making production of 

various product models and volumes completely even. 

In leveled production, we know how many of each type of 

surgery need to be done every day to meet demand and would 

schedule the number needed on a daily basis.  1 complex 

surgery may be followed by 3 simple surgeries, followed by a 

complex surgery. 
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Various Ways to Create Production Schedules 

Level production divides the amount of working time in the day 

(expressed in minutes) by the daily output total to obtain an hourly pitch 

time.  

 

 

 

In the concept of level production, as presented in this module, we use pitch 

and cycle time interchangeably.  

In a moving line, Cycle Time has to equal Takt Time for the line to be 

balanced and have continuous flow with no team member waiting. 

On a balanced line with a Takt Time of 60 seconds, the cycle time for each 

operator at each station equals 60 seconds. 

The Pitch is the amount of time to go from one pitch mark to the next. It is equal 

to Takt Time which is equal to Cycle time (if the team member cycle time is 

balanced to Takt Time).   

Pitch = Working Time in Day       P = Cycle Time = Takt Time, if line is balanced 

             Daily Output Total 
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Differences Between Shish-Kabob Production and 

Level Production 
Shish-Kabob Production Level Production 

Production 

Philosophy 

Product-out (production centered) philosophy 

Produce just what is easy to make, just when it is 
easy to make it, and in just the amounts that are easy 
to make. 

Market-in (market centered) Philosophy 

Produce just what is needed, just when it is 
needed and in just the amounts needed. 

Production 

Method 

Lot (shish-kabob) arrangement 

Arrange products into large model specific lots to 
minimize changeovers. 

Cycle time arrangement 

Arrange products into assortments that match 
market needs and can be manufactured within 
the cycle time in an in-line production 
configuration. 

Approach to 

Efficiency 

Emphasis on individual process efficiency 

The production pitch is based on the rhythm of 
individual processes with maximum efficiency sought 
at each process. 

Emphasis on overall line efficiency 

Improve the efficiency of the entire line within 
the framework of the cycle time. 

Approach to 

Machines 

High-speed, general-purpose, large and 
expensive machines 

Faster machines handle large lot volumes, which 
usually means a large, expensive, general-purpose 
machine. 

Moderate-speed, specialized, small and 
inexpensive machines 
Machines need only be fast enough to keep up the cycle time. 
The important thing is that the machines be small and 
specialized enough to fit right into the production line to handle 
one-piece flow operations. Such machines are usually much 
less expensive than large, general-purpose machines. 

Inventory 

and 

Leadtime 

Large inventories and long leadtimes 

When work pieces are worked on in lots, retention is 
inescapable. Retention accumulates in-process 
inventory and results in longer leadtimes and a 
greater need for conveyance. 

Small inventories and short leadtimes 

When work pieces flow along one piece at a 
time within the cycle time, there is very little    
in-process inventory, which means shorter 
leadtimes and almost no need for conveyance. 
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Leveling Techniques 
 “Cycle lists” and “non-reserved” methods 

Use the particular cycle time for each patient/procedure type and in the mixed-

flow operation to establish a single constant pattern of production flow. When 

variation in the cycle times is common, adopt the “non-reserved seat” version of 

the cycle list. Each cycle scheduled in a non-reserved seat cycle list includes 

one or two spots that are kept available (“non-reserved”) to compensate for 

variations such as hospital admit or unexpected complex patient from a primary 

care clinic that takes more time and happens in an unpredictable manner. 

 “Reserved seat” system 

When the organization is delivering different services or procedure types, (X, Y, 

and Z), these services might normally be delivered in separate batches – 

planned C-sections only on Tuesdays and inductions on Wed - thus building up 

an inventory of patients waiting for a procedure. The “reserved seat” 

configuration of procedures on a schedule reserves space for a specific type of 

procedure. It eliminates the need for in-process inventory while opening up 

space and providing adaptability toward patient/procedure mix changes. 
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Leveling Techniques 
 “Baton touch zone” method 

The baton touch zone is a certain range of operations within which an operator 

may pass on his or her work to the next operator. The flexibility afforded by 

such a baton touch zone helps maintain line balancing when patient/procedure 

types are changed.  For example, a nurse could do most of the appointment 

with a diabetic patient and then hand off the visit to the physician within a 

specified point in the visit. 

 “Bypass” method 

When the amount of work differs so much from patient/procedure type to type 

that the baton touch zone method will not work, use the bypass method to 

establish a separate “bypass” line that can accommodate the change.  For 

example, if a physician is busy with an unexpectedly complex patient, the nurse 

could handle a simple visit or do a workup to keep the process moving to Takt 

Time. 
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Leveling Summary 
 Production leveling is centering operations on customer 

needs and achieving an even level of high productivity 

throughout the clinic or hospital.   

 Level production divides the daily output total by the 

amount of working time in the day to obtain an hourly 

pitch time or cycle time.   

 Leveling techniques include “cycle lists” and “non-

reserved” methods, the “reserved seat” system, “baton 

touch zone” method, and the “bypass” method. 
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Leveling Appendix 
Detailed explanations of 

Leveling Techniques; 

Manufacturing Example of 

Leveling Production 
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Leveling Techniques 
1. Cycle time. The cycle time is the amount of time (expressed in 

minutes and seconds) within which one item must be produced. 

In JIT, obtain the cycle time by dividing the amount of work time 

(expressed in minutes) in the day by the total production output 

required to match current market needs.  

 

 

 

 

 Specifically, begin by dividing the month’s production output by 

the number of working days in the month. Then divide each 

working day’s working time (minutes) by the required output for 

the day.  

2. “Cycle list” and “non-reserved” methods. Use the particular 

cycle time for each item and the various product models in the 

mixed-flow operation to establish a single constant pattern of 

production flow. 

 Cycle lists are wheel-like illustrations that show the constant 

production pattern that gets repeated throughout the day to turn 

out the required variety and volume of products. If the 

proportionate shares of product models are 50% for product X, 

30% for product Y, and 20% for product Z, we could express 

that pattern in a cycle list like the one shown. 

Per-day production total =   Per-month production total 
           Working days in month 

Cycle time =       Amount of work time (minutes) in day 
  Per-day production volume 

Follow the cycle list as closely as possible. However, 

an array of problems sometimes arises to cause 

variation in cycle times. When such variation is 

common, adopt the “non-reserved seat” version of the 

cycle list. Each cycle scheduled in a non-reserved seat 

cycle list includes one or two steps that are kept 

available (“non-reserved”) to compensate for 

variations. 

The point of the non-reserved seat cycle list is to have 

the “non-reserved seat” section of the list compensate 

for variations caused by small accumulations of in-

process inventory, which is evident from corresponding 

detached kanban. 

Cycle List 

Non-reserved Seat 

Cycle List 
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The “Reserved Seat” Method for Practical Use of 

Cycle Lists 

A workshop can get used to working with a cycle list if it is 

already offset by a “reserved seat” system. 

The “reserved seat” has proven most effective in workshops 

that have processes such as plating or painting—that is, any 

process that uses hangers for batch processing of work 

pieces. Because of certain quality issues, people in plating 

and painting workshops have a hard time getting away from 

the idea of shish-kabob production. Generally, if the factory is 

manufacturing three product models (X, Y, and Z), these 

processes would handle work pieces for each model in 

separate batches, as shown.  

Shish-Kabob Production In a Painting Process 

 

Processing in model-specific batches (shish-

kabob) can lead to the following problems: 

Problem 1. In JIT’s pull production system, the 

lots are always pulled from downstream processes. 

At the painting process shown in the figure, this 

would require a large amount of in-process 

inventory between the painting process and the 

previous (upstream) process. 

Problem 2. The processes downstream from the 

painting process handle mixed-model flow 

production. This would necessitate a large amount 

of in-process inventory between the painting 

process and the next (downstream) process. 

Problem 3. Defects can easily arise from damage 

that occurs to work pieces when they are removed 

in batches from the hangers after being painted. 

Problem 4. Because hangers always carry the 

same types of work pieces, a change in the 

proportions of product models in the production 

schedule causes variation-related problems in 

paint operations. 

Problem 5. The painting process interrupts the 

overall production flow and makes it difficult to 

raise overall efficiency. 

Leveling Techniques 
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The “Reserved Seat” Method for Practical 

Use of Cycle Lists 

All of these problems can be solved by leveling production at the 

painting process via the “reserved seat” method. 

The “reserved seat” configuration of work pieces on hangers 

eliminates the need for in-process inventory while opening up 

space and providing adaptability toward model mix changes. 

Even the work of setting work pieces on hangers and removing 

them has been leveled to enhance operational smoothness and 

stability.  

Application of Reserved Seat Method 
at a Painting Process  

The “Baton Touch Zone” Method 
and 

Bypass Method 

Line balancing is vital for successful 

assembly line operations. Maintain a 

constant amount of work for each line 

worker when the line handles a mixed 

flow of various product models in small 

lots. In mixed-model assembly lines, the 

key is to keep the assembly workers 

performing the same tasks so that their 

efficiency will be roughly equal to single-

model (mass production) assembly lines. 

If the workers have to change their tasks 

with each model, they are much more 

likely to produce defects, such as 

assembly errors or omitted parts. In 

addition, their efficiency will suffer.  

Leveling Techniques 
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Leveling Techniques 

Please remember that the bypass method 

should only be used as a last resort when the 

baton touch zone method is not feasible. 

The “Baton Touch Zone” Method 

and Bypass Method 

The baton touch zone method. In the 

factory, the baton touch zone is a certain 

range of operations within which an 

operator may pass on his or her work to the 

next operator. The flexibility afforded by 

such a baton touch zone helps maintain 

line balancing when product models are 

changed. 

The Bypass Method. 

When the amount of manual work differs so much 

from product model to product model that the baton 

touch zone method will not work, use the bypass 

method to establish a separate “bypass” line that can 

accommodate the model change. 

However, we cannot make bypass lines from just any 

line. We must first establish mixed-model flow 

production and balance the line based on that type of 

production.  
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Realizing Production Leveling 
Developing Flow Production 

Before the improvement, the door preparation process was 

located on the second floor of the factory. The workers at 

that process would select doors from the assortment of 

doors in stock and hook them onto a hanger conveyor that 

would carry them down to the assembly line on the first floor. 

Once production was leveled at the assembly line, the door 

preparation process was no longer able to keep up with the 

assembly line’s needs, and people began wondering if the 

door preparation process could establish mixed-model 

preparation operations to match the mixed-model assembly 

operations at the assembly line. 

To make this improvement, the factory managers moved the 

door preparation process down to the first floor so that all 

workers and equipment could be on the same floor. They 

set up this process as a U-shaped manufacturing cell right 

next to the door fastening process in the main assembly 

line. They then synchronized production in this cell to match 

that of the leveled mixed-model flow line. As a result, they 

reduced inventory to almost zero, achieved a major 

reduction in labor cost, and took advantage of the open 

space on the second floor to set up a long-wanted         

ping-pong table. 

Flow Production 

Improvement at a 

Sink Cabinet Factory 
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Improving Changeover at an Assembly Line 

Improved (Kaizen) Retooling 

Factories generally include both processing lines and 
assembly lines. The key point for production leveling of 
processing lines is to improve retooling. Being able to 
switch among product models and to improve the balance 
of assembly line operations are the main concerns of 
production leveling in assembly lines.  

One factory improved its shipment pickup operations so 
that goods completed by the assembly line are picked up 
eight times a day (once every hour), instead of just once a 
day. To make hourly pickup possible, the assembly line 
mainly had to improve its product model changeover 
procedures to shorten the changeover time. Once they did 
this, the post assembly inventory dropped to one-eighth of 
its former level and accumulation of in-process inventory 
after the preparation and processing steps was eliminated, 
thus establishing smooth flow production. 

Realizing Production Leveling 


