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Foreword 

This version of the paper adds a section  (Section 8) that validates the thesis of this paper (the 

fallacy of required new money)  with actual data from both  a Kentucky school district and from 

the Harford County, Maryland school district.  Additionally,  added sub section 8.(f) shows how 

the paper’s model structure and components are validated  by their close relationship to a cost 

estimation process  described by Penn State Education Professor William T. Hartman who has 

authored a textbook on Education Financing.  Additional data and practices are cited that 

establish the logic  and practice of incorporating ‘turnover”  as an integral component  of the 

progressive pay system.   Appendix B has been revised to show explicitly how one retiree offsets 

the cost of a career path of increments,  longevity and lane change  (ILL) costs in current dollars.   

A prior version of this paper used the term “streams’ rather than the more widely used term “ 

lanes”  to describe the component of teachers pay progression based on teacher’s increased 

certification and/or degrees.  In order to conform with the more widely used term this revision 

adopts the more widely used term “lanes”. While the model developed in version 2 of the paper 

included the dominant aspect of progression from one lane to another, one minor component 

was omitted and has been added to the model in this revision. The calculations and parametric 

analyses have been updated to reflect this model adjustment.  An extensive description and 

analysis has been added showing how the misperception  and misrepresentation of progressive 

pay costs is endemic across the country  and abroad.  Added to the paper is an indication of how  

related bargaining agreements and contractual issues  have been entangled within the 

                                                           
1 New Money” is defined as the added sum that a particular budgeted  item requires for funding 
in the projected year compared to the reference year assuming that the level of service and or 
personnel remain the same. 
2Through interest generated by the first version of this paper, extensive  data on the current 
Harford County Public School (HCPS) system  teacher  experience distribution was provided to the 
author by Mr. Ryan Burbey, President of the Harford County Education Association(HCEA). This 
made possible the addition of the “Multi Lane”  HCPS pay structure and model into the paper 
which was then extensively revised. This made the study  very specific to the actual Increment, 
longevity and lane change cost  for the  current HCPS system by incorporating the pay structure 
for the six professional classifications  and the current distribution of teacher experience in each 
lane . Additionally Mr. Burbey provided the full three year collection of HCPS Monthly Personnel 
Reports  for the school years 2010-2011, 2011-2012 and 2012-2013, only a fraction of which had 
heretofore been available on the Internet. This made possible a more complete analysis of 
turnover related to retirements and dropouts and the average experience levels of dropouts.  
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regulatory and legal systems and been significantly influenced by the  cost misperception and 

misrepresentation.  The paper suggests that correcting  the described misperception, central to 

this papers objective, can provide a very needed clarification to what can only be described as a 

national conundrum on “new money” costs related to progressive pay in terms of increments, 

longevity pay and lane change.   

Wikipedia defines a “Rule of Thumb” as follows   

“A rule of thumb is a principle with broad application that is not intended to be strictly accurate 

or reliable for every situation. It is an easily learned  and easily applied procedure for 

approximately calculating or recalling some value, or for making some determination.” 

 This paper addresses how Harford County, Maryland  officials have used and continue to use a 

“Rule of Thumb” to estimate, describe to the public,  (and make collective bargaining  decisions 

for) the cost (and required “new” money) to fund the experience increment system, longevity 

pay and lane change pay   for teachers and other  employees. The paper analyses how this Rule 

of Thumb greatly over estimates the true cost of  required new money.    In the research for this 

paper it was found that there is a nationwide controversy over the  increment or step system, in 

particular school systems, and state and national government.  It is clear that the controversy is 

largely driven by the “perceived” year to year increased costs  (or needed new money) 

associated with organizations  that have the described progressive pay systems. The paper cites 

how two high level public policy institutes (in Boston and New York City)  have written 

extensively on the topic of progressive pay  and advanced the erroneous concept of what is 

described as extravagant “new money” needed to fund progressive pay.    These two examples, 

along with the author’s description of  the situation in Harford County, Maryland , provides the 

rationale for  the need of a thorough exposition of the paper’s topic.  

This paper addresses three issues:  

a) .  How the organization’s management themselves,  governmental  bodies, and public officials 

and the media,  make false claims to the public and the press on progressive pay “new money” 

costs.  This paper describes how this misperception  and official claims of  new money 

requirement costs during bargaining, budgeting and funding (along with taxpayer interaction) 

unfavorably distorts the process.  

b.) The paper develops two mathematical models  from first principles and  exercises these  

models for a wide variation of parameters associated  with pay schedules and employee 

experience distributions and turnover and establishes  the new money , true percentage,  costs 

of the increment/step system.  The paper shows how actual recent historic data from the 

Harford County, Maryland and Louisville , Kentucky School Districts  validate the model 

predictions. 

c.) The paper shows how the HCPS adds “fixed charges” to calculated “new  money” costs (were 

the progressive pay granted) and due to these costs being greatly overestimated, the added on 

estimated fixed costs are additionally greatly overestimated.  

This paper is available on the author’s web site at http://complexpolitics.wordpress.com 

http://complexpolitics.wordpress.com/
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1. Executive Summary 

In the American workplace it is common to find a formalized structure of pay by position with a 
substructure or lanes of compensation that within a position or lane pays for experience and 
longevity with the employer.  Progression in pay also occurs across  lanes for  individuals with 
increasing skills, certification or job responsibilities. Within the teaching profession this is known 
as the “single salary” schedule that came into general use following  World War 1.   In describing 
the origin of the single salary system Cuban and Tyack [1]  observed:  

“teachers themselves fought to install in schools,  from World War I forward , a single salary 
schedule for all public school teachers. While supporting salaries calibrated to training and years 
of experience teachers opposed “class distinctions”  in pay based on position or sex and endorsed  
the fundamental intrinsic  equality of all good teaching. To ensure that all teachers were, in fact , 
professionals- they worked to require special training and certification as prerequisites for 
employment in teaching”.   

Today the system is almost universal in school districts across the country. The single salary 
system  is also frequently referred to as the increment or step system.   Herein it will also be 
referred to as “progressive pay” or by the acronym ILL to refer to the Increment, Longevity and 
Lane change. This system is also common in government at the local, state and federal levels but 
also exists in some form in some corporate structures. In recent years, due to the economic 
downturn, jurisdictions facing budget shortfalls, have chosen to curtail the pay adjustments of 
positions associated with progressive pay along with withholding Cost of Living Adjustments 
(COLAs).  In the process of rationalizing this course of action financial officers and government 
officials frequently use what the author calls  a “rule of thumb” where the claim is made that 
progressive pay costs, at whatever percentage, (e.g. 3% for the increment component),  will lead 
directly to a 3% increase in payroll costs  (in terms of additional new money needed ) if granted.  
The author, having seen this claim made for years, observed that it arises from an intuitive 
“logical  mind trap”  (LMT) arising from the concept of focusing on individuals and their salaries 
as opposed to tracking positions, the numbers of individuals at each position, and the aggregate 
salaries for each position while at the same time accounting for the normal cyclical process of 
retirees, dropouts  and new hires.   As the result of seeing how teachers in his local area were 
denied both COLAs and progressive pay for four of the last five  years3 the author set out to 
formally study the concept through a computer based mathematical model. A high level 
summary of the model components is described in Table 1  at the end of this Executive 
Summary.   A summary of the key results is shown in Table 2 . The model, employing Harford 
County, Maryland  Public School (HCPS)  data as input, to represent  a typical educational 
workforce, explicitly confirms the following: 

1. The rule of thumb is totally invalid as a predictor of follow-on new money costs added to 
preceding base year costs when increments, longevity  and lane change (ILL)  pay adjustments  
are provided to the workforce.  Even in a wholly unlikely case of no retirees, no dropouts and no 
new hires, providing a 3% ILL  pay adjustment  leads to a nominal 1.7 % to 1.9% increase due to 
the fact that top of the pay scale staff receive no increments and infrequent or no longevity and 
lane change pay adjustments.   (See the red entries in Table 5, page 25.)  A parametric study for 
a range of parameters likely to span the possible scenarios, indicates that providing the ILL 
adjustment during a period with  current level of retirees, dropouts  and new hires, leads to a 

                                                           
3
   As of June 20, 2014 , the latest Harford  County Budget Action failed to approve granting the ILL  for 

fiscal year 2015 (now  5 of the last 6 years.)  For Sheriff’s  Deputies and others increments have not been 
provided in 7 of the last 8  years.   
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nominal change in payroll costs  of -.27 %,  with variations rarely expected outside the range of 
(-.5% to .5%). See Table 4 and Figure 8. 

2. Withholding the ILL pay is not cost neutral. In a given year when ILL is  withheld (along with a 
normal situation of retirees and new hires) the payroll cost (all other factors being equal) is 
actually reduced  by – 2.0%  from the previous year with variations between -1.5% and -2.2 %. 
See Table ML-1.  This results in salary component budget surpluses (from salary costs) which are 
usually attributable to good fiscal management without explicitly acknowledging or 
understanding that the result was from an actual pay cut when based on positions rather than 
individuals or alternatively the funds are used to cover budget shortages elsewhere.4 

3. The cost differential associated with progressive pay is strongly effected (drops strongly) with  
increased number of retirees. The cost drops  strongly with increasing  average level of the 
dropouts ( see Table ML-2) but at a significantly lower level than retirees due to the difference in 
salary levels.  See Tables ML-4 and ML-5. 
 
4.The extension of the rule of thumb, which leads to the suggestion that a COLA increase and 
progressive pay  are additive, (e.g. a 5% COLA added to a so called average 3% ILL   increase 
leads to a needed 8% budget increase) is also totally invalid. Typical parametric calculations 
using the model show that the true cost of a 3% ILL, as described in 1. above, adds the range of 
“true ILL  cost” increase in the absence of a COLA plus the COLA  plus a negligible amount 
(product of the “true  ILL cost”, times the COLA fraction).  See Table SS-7. 
 
5. Failure to include Turnover in budgeting for ILL costs leads to gross overestimation of  

budgeted “fixed charges” associated with employer paid social security , medicare and pension 

system witholdings. See Appendix B for a description of how the HCPS system adds these 

erroneous  fixed charges to the erroneous estimation of the ILL cost.  

  

                                                           
4
 The HCPS explicitly refers to use of Turnover funds to cover shortages as a “Cost Savings Measure”. 
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Table 1: Components of the Model to Predict Percentage Change in Payroll Due to 

Progressive Pay [Increment, Longevity and Lane Change] (ILL)  
% Change in Payroll  (PCP) = 

% Change Due to Progressive Pay Alone(PCILL) -% Change Due to Turnover(PCTO): 
 PCP = PCILL – PCTO 

Components of the Model 

Symbol Description of the Component High Level Formulas for the 
Components* 

P1 The total payroll for all teachers (or other type 
employees) in the model in the “reference year”. 

 

P2 Total payroll in the “projected year” allowing for 
the increment, longevity and lane change (ILL) 
and a COLA and adjusting for retirees, dropouts 
and replacements 

 

P2i Total Payroll(without adjustment for retirees and 
dropouts) projected for all teachers or employees 
in the projected year , with everyone gaining one 
year experience and salary change prescribed by 
the ILL schedule, adjusted by COLA multiplier 
(1+CL) where CL =0 implies no COLA 

This computation is done with the 
assumption that there are no 
retirees and no dropouts and the 
number of employees remains 
the same as for the computation 
of P1 

A2 Reduction in payroll (to be subtracted from P2 
previously included in P2i above)  for projected 
Nret retirees and Ndo dropouts.[A2r is the retiree 
component of A2,  A2d is the dropout component 
of A2] 

A2 = A2r + A2d 

A1 Increase in payroll (to be included in P2) due to 
replacing retirees and dropouts. [A1r is the 
retiree component of A1, A1d is the dropout 
component of A1) 

A1 = A1r + A1d 

Pto Adjustment (subtraction) for Turnover Pto = (A2r + A2d) – (A1r + A1d) 

P1,P2 
and 
PCP 

By definition PCP = 100x (P2 – P1)/P1  This is the 
percentage change in payroll in the projected 
year compared to the reference year 

P2 = P2i – Pto 
P2 – P1 =(P2i –P1) – Pto 
(P2 – P1)/P1 = 
(P2i –P1)/P1 –Pto/P1 

PCP  PCP = 100x(P2 - P1)/P1 
PCIL= 100x((P2i –P1)/P1 
PCILL= PCIL/(1 – Lanec) 
PCTO = 100xPto/P1 
PCP = PCILL – PCTO 

 *Expanded definition of each component, to facilitate the modeling is developed in the paper.  
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Table 2: Summary Results for PCP, PCPWH, PCILL and PCTO With the Two Models 

Quantity Multi 
Lane 

*Single 
Lane (3) 

**Single 
Lane (4) 

Definitions 

PCP -.27% .07% -.02% % change in payroll cost with ILL and accounting for 
retirees and dropouts and adjusted for their 
replacement 

PCPWH -1.95% -1.87% -1.82% % change in payroll when ILL is withheld with 
accounting for retirees and dropouts and adjusted for 
their replacements 

PCILL 1.82% 2.06% 1.93% % change in payroll with ILL provided and no 
accounting for retirees  and dropouts 

PCTO 2.09% 2.00% 1.95% 
 

% change in payroll due to retirees and dropouts  
adjusted for their replacements     PCP = PCILL - PCTO 

*Single lane (3) computed with Nf, t and r  representation of HCPS experience curve, Fig. 7(3) 
** Single lane (4) computed with actual HCPS experience curve, Fig. 7 (4) 

 

2. Introduction 

Over a long period of observing public discussion of local budgets, in particular budgets related to 

education, it is clear that there are few areas as passionately debated and discussed as the pay 

adjustments for the workforce.  Government agencies, at the various levels, having sizable numbers of 

employees, in particular professional employees, generally have instituted a pay structure that 

compensates employees both on positions and longevity within positions along with so called lane 

changes due to additional certification or professional responsibilities. Many corporate entities have 

similar structures. As described in the Executive Summary, the concept of increasing levels of pay within 

a position is commonly referred to as “increments”   and “longevity pay”  in the teaching profession and 

“steps” in the federal workforce.   Accordingly, as  school districts, government agencies and 

corporations adjust pay for inflation, accounting for increases in the Consumer Price Index, employees 

may be routinely receiving additional salary increases due to  progressive pay.  This is  a natural and 

necessary process to attract students to prepare for and pursue the profession  and thereafter for 

employers to retain skilled professional staff. The controversy arises over the  perceived 

appropriateness  (or not)  of employees receiving both inflation  and progressive pay adjustments. This 

controversy is heightened by a misconception (and/or misrepresentation) of  the needed additional 

funds to fund the year to year payroll adjustments to account for the progressive pay system.  

Over time this writer has  chronicled the public misunderstanding/perception of the budgetary increases 

(or needed new money) to fund an on-going  payroll system that in  a large workforce is subject to the 

progressive pay as  described above. For example, in Harford County, Maryland, the county of this 

writer’s residence,  there has been a decades long dispute over this issue, in particular with respect to 

the Education Operating  Budget,  which currently includes the salaries for approximately 3000 teachers 

and an overall staff exceeding 5000.  The typical progressive pay system for teachers (e.g. those with 

only bachelor’s degrees)  provides a 3% increment increase over the first ten or fifteen years of 

experience (depending on certification level) with additional  $2000 longevity increments after 19, 

24,29, and 34 years of experience.  Teachers with masters and other higher certifications have similar 
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increment and longevity schedules (different lanes) with  movement between lanes leading to additional 

pay adjustments.   

Budget officials, public officials in general, commentators, the press, and concerned citizens debating 

proposed   budgets routinely use a “rule of thumb” and refer to the need to increase prior year’s 

budgets (with new additional money)  by 3% to 3.5% to account for such a progressive pay system. To 

most individuals such a rule of thumb may seem quite intuitive and logical given the above description 

of the pay  system.  The effect of this ingrained perception is that it becomes a fundamental point of 

departure  in  annual  negotiations over pay adjustments for inflation  and professional experience.  

Those wishing to minimize perceived budget increases that would arise, were the rule of thumb valid, 

infer that progressive pay, when added to any inflation adjustment, overcompensates the employee in 

addition to being unaffordable.   In a classic example of this misconception, the Harford County’s leading 

newspaper, The Aegis, in January 1979, published an editorial [2] titled “The Percentage Game” The 

wording of the editorial epitomized the lack of understanding of the cost dynamics  of the pay  system as 

will be shown in this paper.  The editorial concluded with the words:  

“Perhaps it is time to give serious consideration to other ways to accomplish all this. Abolishing of the 

increment system would allow pay raises to be straight across- the board- boosts. Then neither the 

teachers nor the taxpayers would be deceived by the percentage figures that do not tell the whole story.” 

Such  press accounts and County Officials commentary, at the time in 1979, effectively using this rule of 

thumb during budget debates ,   spurred this writer into performing  an earlier analysis on the subject.  

Before the analysis, to confirm the official use of this rule of thumb, the author actually sought and 

received confirmation by written letter [3] from the then County Director of Administration who was  

quoted in a County newspaper as officially using this rule of thumb in budget calculations.  His written 

response to the writer’s inquiry as to whether he was accurately quoted was as follows:  

 

“I was quoted correctly in the  Aegis newspaper  in the statement that if the average increment increase 

in the teacher’s pay plan is 4.5% and the entire pay plan is increased by 6.5%, the total increase would be  

11% in teacher’s salaries.5 

A further historical example of the local press misunderstanding and reporting on the cost of the 

progressive pay system is found in Reference [4]. 

A recent example of this continued LMT is the following:  On June 11, 2012 the HCPS issued  a Budget in 

Brief for FY 2013 [5] with a cover letter which stated: 

The fiscal year 2013 budget includes a $10 million wage packet, the first wage increase for HCPS 

employees since July 2008…  HCPS faced with a budgetary shortfall  of $23.4 million…The shortfall was 

absorbed via employee turnover savings of $2.9 million, position reductions through attrition  of $3.9 

million….”  

                                                           
5
 Note that this was in 1979, at a time of high inflation where the CPI had increased by 17% from 1977 to 1979.  

See reference [3] in the References and Notes for Mr. Whiteford’s actual quote in the Aegis.  
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The next day, June 12,  the then  Harford County Executive, David Craig, in a statement responding to 

the HCPS proposed budget for 2013 was reported by the Baltimore Sun [6 ] to state:   

 “The proposed 1 percent pay raise, plus step and longevity pay will cost the Board of Education 

approximately $10 Million. Although our teachers undoubtedly deserve a fair pay raise, this proposal 

also comes with a cost – the loss of both administrative and teaching positions.” 

The  HCPS  unrestricted budget for salary and wages  was then  nominally between $240 million and 

$250 million[7].  The figure of $10 million in the HCPS budget, and referred to  by HCPS and Mr.  Craig,  

amounted to   4% of the total payroll for the Harford School system’s 5000+ employees of which 3000 

are classroom teachers and other related specialists.  Accordingly, the HCPS and  Mr. Craig, like their  

predecessors, seemed to be using the Rule of Thumb  as described (1.% for the COLA and 3% for   the 

ILL), 6  to compute (or estimate) budget costs  (and  needed additional new money)  to fund  the ILL 

while at the same time using turnover as a “cost savings measure”.  As indicated in [8] this budget 

analysis led to cuts of 66 classroom related positions to offset the estimated resulting budget shortfall 

which was influenced in part by the above estimate of ILL costs.   

Increment “New Money” Costs is of National Import 

The misperception of ILL costs on school budgets is not limited to Harford County. In a January, 2013 

Issue Brief, E. J.  McMahon, a senior fellow at the  Manhattan Institute, attacked the Increment  system 

for New York City teachers [9].  In describing the City’s pay system for teachers7, the paper referred to  

the increment as an “average annual raise of  2.8 percent”  and in describing the increment cost8 stated:   

“Salary increases during the period (2008-2013) totaled $1.2 Billion, adding $469 million to city 

operating  costs for year 2013 alone. “ 

The paper went on to say:  

“While it (the increment) has a significant impact on the budget, this aspect of teacher’s contract is not 

well understood by the public.” 

 In fact the article had the impact of actually furthering this misunderstanding because the thrust of the 

article was to suggest to the reader that the school budget would effectively be impacted (in needed 

new additional money) by the increment at the 2.8% annual figure- “the rule of thumb” again.   

Incredulously, by contrast, however, the article went on to state:  

“Total teacher salaries paid by the City between 2009 and 2013, actually dropped slightly, reflecting both 

staff cuts due to attrition and the replacement of more senior,  highly paid teachers  with less 

experienced , lower paid newcomers. “ 

                                                           
6
 As will be described later in the paper the HCPS adds 20% to both the COLA and the ILL for “fixed charges”. 

7
 The description of the structure of the  New York City increment system closely matches that for Harford County . 

8
 The article stated “The UFT (United Federation of Teachers) agreement expired in October 2009 and the last base 

salary increase for teachers took effect in May 2008.” Accordingly the purported salary increases described above 
resulted from the ILL system alone.  
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  The latter point, namely the role of  tracking positions rather than individuals   and “by including 

turnover”  from dropouts and retirements will be shown in this paper to be an integral part of the cost 

dynamics of the ILL  system leading to a significantly different level of  computed “new money” costs.  In 

Appendix B this writer  shows how the LMT can be overcome by a simple analysis of tracking one 

individual through a career progression of increments, longevity and lanes and how that individual 

retiring vacates a position  whose salary (when replaced by a new hire) compensates for the    

compensation level of all increments, longevity pay, and lane changes (paid at that point in time in 

current dollars)   positioned along the path through which the retiree  navigated during his/her career.  

This paper provides a systematic, first principle model on how to aggregate the sum total of all ILL costs 

so replaced by retirees and dropouts and their replacement.  

In earlier papers, McMahon and O’Neill [10 and 11], under the auspices of  the Empire Center for New 

York State Policy,  go to great lengths to describe the trajectory of pay for individual teachers as they 

navigate New York’s single pay ILL structure.  They claim that ILL pay has  

“cost the state government $140 million a year, despite a “freeze” on base salaries” and that ILL pay 

“guarantees” pay increases for teachers that add almost $300 million a year to school budgets across the 

state.”  

Similarly, Tyler and Beattie [12], of the Boston Foundation, describe the pay trajectory of Boston 

teachers in navigating the Boston ILL schedule. They claim that for Boston school teachers   

“The amount of resources allocated for step increases, changes in salary lanes, and career awards total 

$29 million in fiscal 2011.” 

They state that the total 2011 Boston salary budget was $399.2 million - thus the $29 million figure 

represents an implied 7.3% increase in new money-effectively using the familiar “rule of thumb”.  

Brecher and Bardin [13]  have recently added to the McMahon and O’Neill analysis by tracking the  rise  

in pay of individual  New York City teachers-furthering the erroneous implication of ILL costs without the 

perspective gained by tracking positions.   

The thrust of such articles is to entrench the concept of evaluating the cost of progressive pay by 

tracking the pay of individuals as opposed to tracking the pay of positions. Given the universality of the 

single salary concept, its institutionalization since  the 1920’s, and its adoption throughout the country 

and also in foreign countries,  and its role in maintaining a professionally competent system, it is very 

important to understand the true cost of the ILL system. Such an understanding is most important as 

employers and school districts either through collective bargaining or other means work through the 

process of necessary pay adjustments as inflation occurs, professional staff  advance  in their careers,  

and young people make decisions on choosing (or not) the teaching profession. 

A thorough exposition of the varied dynamics that occur nationwide, as the many school districts 

wrestle with the implementation of progressive pay,  is contained in the paper by Scott [14] . Scott 

defines how the issue unfolds. 
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“How the Salary Step Increase Issue Arises. A school board and a teachers' bargaining representative 

sometimes negotiate successfully, reaching a settlement for a new collective agreement before or shortly 

after the previous agreement expires. However, school boards and teachers' unions frequently fail to 

reach agreement so readily. Several reasons exist for this for the community, fiscal and political pressures 

compel the board to have a budget that will not lead to increased taxes. “ 

He goes on to describe  how many school districts operate under laws or precedents that automatically 

provide the ILL after contract expiration in the event of an impasse on agreeing to  a new contract.  

Nationwide, the issue of continuation (or not) of the ILL after contract expiration in legal circles has 

come to be known as the “Status Quo Doctrine”.  The question breaks down as to whether the status 

quo should be interpreted as “static” or “dynamic”.  Under the static assumption the ILL ends during a 

contract impasse  (after end of a contract) whereas in the dynamic interpretation the ILL is continued 

during the  impasse.  Scott relates the issue to the Supreme Court decision in NLRB versus Katz in which 

the court ruled that: 

 “unilateral change in conditions of employment under negotiation… is a violation of the good faith 

bargaining provision of the National Labor Relations Act “. 

While Katz does not apply to public sector workers, legal disputes involving the  public sector  frequently 

cite Katz and some states have applied its rule.  Scott, pages 212 and 213,  lists  the numerous states 

that adopted the general rule of Katz  which in effect forces the continuation of ILL  during an impasse 

period at the expiration of a contract.9  

In turn the issue of Static or Dynamic  becomes an interpretive issue  as to whether paying ILL after 

contract expiration is a unilateral change.  This issue is exemplified in the paper “PERC Rules on Paying 

Increments” [15]  in which the New Jersey Public Employment Relations Commission  (PERC) changed a 

previous position on what it means for a public employer to maintain the “status quo” when a collective 

bargaining agreement expires.  In this decision PERC  

“rejected its former stance that an employer had to pay increments  to employees on the salary guides  

of certain expired agreements prior to settlement of a new agreement.”    

What is interesting about this and a related New Jersey Court decision known as “Neptune”  [16] is that 

it was influenced by a legislative initiative known as the “2% percent property tax levy cap”.   If a district 

is limited by law to cap property tax increases at 2% it becomes a matter of utmost public interest  to 

limit wage increases  so as to be affordable  within the 2% cap on property tax rises.     Given such 

constraints the question arises as to how should a  legal, government  or regulatory body  (being 

confronted with these so estimated costs as being relevant decision criteria)  compute ILL costs?  An 

arbitrator or judge, viewing the new money costs of the ILL,  computed by the rule of thumb or tracking 

individuals,   (without allowing for natural turnover) and being apprised of revenue limitations such as 

the New Jersy 2 % levy cap,  surely would lien to the static interpretation-namely disallowing the 

continuation of ILL during a contract impasse.  For example, McMahon [10]  states: 

                                                           
9
 By contrast, in Harford County, Maryland in recent years, the local teacher’s union, Harford  County Education 

Association (HCEA), has negotiated contracts providing a COLA and the ILL with the  County Board of Education  
only to make the contract meaningless because of the  dynamics of the County’s funding process.   
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“The most heavily weighted issue in interest arbitration should be the question of whether there is the 

“ability to pay” on the part of the community whose taxes  must support a pay increase.” 

Logically a most fundamental issue is thus the determination of the change or increase in payroll that is 

being considered in arbitration which dictates the importance of an accurate estimation of the true 

“new money” cost of the ILL. 

In numerous  internet “googled” references,  discussing the issue of the dynamic or static interpretation 

of the status quo, no exposition  was found on the issue of how to compute or estimate  the “new 

money” costs of ILL other than the implied (and erroneous) costs suggested in the five references [9 

through 13] which tracked the pay of individual teachers.    

The purpose of this exposition is not to argue for or against the continuation  of the ILL during impasses 

on bargaining.  It is rather to highlight the importance of understanding the true costs of the ILL and thus 

influence public policy so that  discussion and arbitration can be done  with meaningful/correct budget 

numbers.   For example, the 2% tax levy cap in New Jersey and its effect on laws effecting arbitration, 

creates an interesting  question. In 2010 New Jersey passed a law effecting arbitration involving 

government agencies in the state[17]. The law contains the following provision on Interest Arbitration: 

 “Meaningful Cap 2.0 That Mirrors Tax Levy Cap. Provides a meaningful cap of 2 percent that will be 

applied to all salary items, such as the cost of across the board and cost of living increases, step 

increment payments and longevity pay.” 

The question such laws raise is this. How should one compute the cost of ILL. Should it be? 

a.)  a simple percentage rule  of thumb tracking “individuals” 

b.)  a modified rule of thumb that “counts” only the raises for the staff who are eligible?  

c.) a calculation such as that described herein which tracks “positions”, the aggregate pay in each 

position in the reference year and the projected year, computing  the difference and the 

percentage change allowing for any change in FTE’s and accounting for  turnover 

 It will be shown in this paper  that c.) is the only measure that  actually computes the dollar level of 

impact on projected increase in salary expenses  that arise from the particular arbitration involving the 

ILL.   

The attack on the ILL  system is not limited to the United States.  In March of 2013, George Osborne, the  

UK Chancellor of the Exchequer, described plans to “end pay progression” for the UK’s system for public 

employees  [18].  The  article referred to increases for Health staff of 2 to 5 percent but offered no 

insight in the actual total budget percentage  increase, year to year, by the UK pay progression system. 

Because of these widespread attacks on the ILL system, based on the erroneous estimate of costs, this 

writer  believes the  analysis in this paper  has implications far beyond the issue described in Harford 

County Maryland. 

As noted herein decisions on providing the ILL by HCPS have historically  been based on estimating the 

ILL costs by a Rule of Thumb and lately by computing the ILL by computing increases to eligible 

individuals   while  treating turnover as a “Cost Savings Measure” not related to ILL costs. This 

modification of the Rule of Thumb reduces the implied cost of a 3% increment, longevity pay,  and lane 

movement  (the ILL) to a nominal  figure  between 1.7 % and 1.9 %.  In addition, however, since this ILL 
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percentage is viewed (incorrectly ) as “new money” the HCPS adds a 20% burden (fixed charges) to this 

projected need for new money[7]. This fixed charge is based on the fact that all salaries are impacted by 

the social security,  medicare tax and pension fund payments as a fixed percentage of payroll.  As shown 

in Appendix B, when one tracks positions rather than individuals , the added base upon which fixed 

charges are added is essentially zero or at worst  bounded by the (+ or -  . 5 %) bound arising from the 

analysis of this paper.   Adding the 20% to the erroneous figure  (the added base) thus compounds the 

error of over estimating the ILL cost.   

The  importance of how new money costs are computed is manifested in the wordage of the 2014-2015 

HCPS Negotiated Agreement with the  Harford County Education Association [19] where the provision of 

the ILL is made subject to the provision of new money  computed by what this paper establishes as an 

erroneous computation.   Given that no new money was provided the ILL was not provided. See Section 

9.     The fact that such a withholding of the ILL has been done in Harford County for five of the last six 

years, based on similar reasoning and budget estimations,   is a testimony to the critical importance of 

the analysis of this paper. 

As was described above, the concept and use of the word “average” is what causes a “logical mind  

trap”(LMT) in thinking and the  examples cited indicate that this misconception is widespread amongst 

the principal budget,  Executive Officials,  and other  participants in the public discussions.  In 

contemplating the dynamics of a payroll system with ILL it struck this writer (at that time in 1979) that 

the rule of thumb was totally misguided in that it focused on individuals rather than positions. In that 

context it seemed appropriate to view the process as tracking a stream  of positions, from the reference 

year to the projected year, each position, identified by the integer y, occupied by a number of occupants 

n(y) , with salary s(y).  The cost for the totality of occupants in that position would be the product n(y) x  

s(y) with the total payroll arising by summing this product for all years of experience (all y).  In the 

following projected budget year the occupants in pay level  y would move to pay level s(y+1) with similar 

shifts throughout the pay system. This would be complicated by retirees, generally at the higher pay 

levels, being replaced with new hires, generally (or mostly) at beginning pay levels.   This suggested that 

the rule of thumb was based on an LMT,  namely that pundits and even officials were focusing on pay of 

individuals, rather than  positions as  described above.  The writer, having routinely developed complex 

mathematical models during a professional career as a research ballistician  and mathematician , found 

it natural to develop a simple model to represent a pay structure and projected year to year increase in 

a related budget.  In addition to the model developed at that time,  the author developed a simple 

construct, similar to that described in Appendix B of this paper, that was designed to put the LMT  in 

context and to show how focus on positions rather than individuals was needed to  understand the cost 

issues involved.  

The conclusion drawn from this early 1970   mathematical model was that  the most a payroll would 

increase from an increment system as described above (one frequently purported to cause need for a 

3% to  3.5% increase) would be about 1%   and that would arise only for a workforce  with unusually few 

retirees and few new hires.  Additionally, the analysis led to the belief that in some circumstances, with 

many old retirees replaced with new hires, the cost , due to the increment system could actually lead to 

a decrease in the succeeding next year budget.  The examples of this paper , based on two more 

detailed models, and  actual data on experience distributions of teacher’s workforce, bear out 
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qualitatively what was then suggested but that the bound on ILL is smaller and bounded by plus or 

minus .5%.  Over time, this observer noted that Harford County had numerous year end budget 

surpluses that were described as surprised and unexpected.   The conjecture was and continues to be 

that the budget projections and funding streams used the rule of thumb to prepare and fund the budget 

line (and due to the perceptions on requirements for increment funding described herein) the true costs 

of over budgeting for the increment system led to the unexpected budget surpluses. 

Fast forward to the spring of 2014 and Harford County, Maryland was again in the midst  of passionate 

discussions over proposed funding for the County’s Education Operating Budget.  A particular recurring  

issue for Harford County teachers was  the fact that the County  uses neither static nor dynamic 

interpretation/implementation  of contract terms (unlike New York City and other districts described 

above ) and  had not funded ILL  (nor provided cost of living adjustments) in four of the last five years.10  
Undoubtedly, the state of the economy has been part of the dynamic but this observer believes that a 

significant (if not dominant) rationale continues to be the ingrained concept of expected budget cost 

based on the rule of thumb described above-namely that providing ILL leads to a significantly large 

needed “new money”  budget increase.  Accordingly, the goal of this current, more detailed paper,  is 

that described in the paper’s title, namely  to formally examine  “ The Mathematics of Budgeting for 

Experience Increments in a Workforce” and to provide a means to make more meaningful and accurate 

estimates of the “new money” requirement to fund  the ILL. 

3. The Basics of the Cost Increases Arising From the Progressive Pay System 

The pay structure for an ILL pay system, for the generalized model developed in this paper, uses the 

example of the schedule for the single pay system for the Harford County  Public School (HCPS)  System. 

This paper will employ two different models (and actual pay rates) , adapted from the HCPS system,  

referred to as the Single Lane System and the Multi Lane system. The structure of that pay system, 

including the increment, longevity and lane change process,  and the distinction and definition of the 

two systems  to be employed in this paper are  listed in the Appendix A to this paper.  The Single Lane 

structure will be useful for permitting a broader parametric analysis across a spectrum of experience 

distributions and was found to be very useful prior to the author’s obtaining specific data on the HCPS 

system experience distribution which is a Multiple Lane system.  A first step in the model development  

is to construct a mechanism to compute the payroll costs in a given “reference” year and then project 

the cost to the “projected” year in which the ILL is provided  with the assumption that the number of 

employees remain the same. 

As will  be described in the paper, an inherent component of the model is that of “turnover” ,  a natural 

occurrence in any large scale professional system such as that being examined.  A  formalism is 

developed for modeling this subcomponent as an integral part of the annual prediction of costs.  

Turnovers include the normal retirement process and the phenomena of “dropouts”, a  phenomena 

which is examined from a national perspective along with employing actual multi-year data from the 

HCPS system. The components of the overall model, which are common to both Single Lane and Multi 

Lane, are described in Table 1  in the Executive Summary.  

                                                           
10

 For fiscal year 2015 the latest Harford County budget action failed to approve granting the ILL-now stretching for 
five of the last six years.  For the county police force the ILL has not been provided in seven of the last eight years. 
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3(a) Development of the Single Lane Model 

In a Single Lane system  the pay structure is  represented by two arrays  n(y) and s(y)  defined in A.)  

and B.) below. 

A.) n(1), n(2)… n(N)   or n(y), y=1 to N       Number of employees  with y years  experience. 

 

B.) s(1), s(2)…s(N)  or s(y),  y= 1 to N        Annual salary for employee with y years experience 

N is the maximum number  of years of experience spanned by the workforce. In the reference base 

year the payroll cost P1, defined in Table 1,  is given by  

(1) P1= F1 x Nemp,  where  

(2)     F1 =  ∑ 𝑛(𝑦)𝑠(𝑦)𝑁
𝑦=1 /Nempref 

and Nemp is the number of employees and Nempref is the reference number of employees under the 

n(y) function given by 

(3) Nempref = ∑ 𝑛(𝑦)𝑁
𝑦=1   . 

Before accounting for retirees, dropouts  and new hires, with the increment and Cost of Living 

Adjustment (COLA)  provided,  the payroll costs in the projected “next year” budget is given by 

(4) P2i =F2 x Nemp x (1+CL), where 

 

(5) F2 =  ∑ 𝑛(𝑦)𝑠(𝑦 + 𝐼𝐺)𝑁
𝑦=1 /Nempref11 . 

where CL is  any COLA  fractional increase in pay due to inflation or CPI adjustment (which may or may 

not be provided in a given year.). 

Equation (5) reflects the fact that the number of staff members n(y) in pay position s(y) in the reference 

year 1 have now moved to pay positions s(y+IG) in the projected budget year 2 and for the moment no 

entries in pay position s(1) are represented in the equation. The integer IG herein will take either of the 

two values 0 or 1.  When the ILL is granted, the value for IG =1,  meaning individuals move to the next 

pay step appropriate to their experience and pay schedule. If the model is to be exercised for the 

                                                           
11

 The quantities F1, F2, F3, F4, F5 and  F6 and G1, G2, G3, G3, G4, G4, G5, and G6 are introduced  in the paper to 
represent various summations which are compute intensive and/or  whose definition remain constant for any 
specified experience distribution. The quantities F2, F3, F4 and G2, G3, G4  differ for the cases of IG= 0 or 1, i.e., 
the increment is granted (IG=1), not granted (IG=0).  Working with the G functions  facilitates  creation of a 
“tableau”  for simple computations to examine differing PCP results for varying  number of employees, Nemp, 
number of retirees, Nret and number of dropouts Ndo for a common experience distribution.  The variation of 
Nemp and  Nret  from the referenced quantities Nempref and Nretref  assumes that the added or subtracted 
numbers (from the referenced values) take on the average characteristics of the whole as represented in the 
model structure. For example the modeling was done with data for 2979 teachers. If one were  to exercise the 
model for 3100 teachers, the added 121 teachers in the model would effectively be spread across the experience 
curve weighted by the experience curve. 
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situation where the increment is not granted, this will be specified by setting IG =0 and individuals do 

not move up a step in pay. 

3(a) (i)Determination of s(y) and  m(y) in the Single Lane System 

For the representation of s(y) the model will use the hybrid pay table, Table A-2, listed in Appendix A.  

This Single Lane hybrid pay table is  structured as an extract  from the Multiple Lane Table A-1 in 

Appendix A.  As noted in Table A-1 the Harford County system has six  lanes or sub-systems of pay based 

on certifications.  While this paper will address the Multiple Lane model as the most complete   

representative of the HCPS,  it was found most useful to also include  the Single Lane Model  because it 

offered more flexibility in the context of performing parametric analysis (in particular variations in 

experience) and it provided an initial starting model in the early absence of experience data for the 

Multiple Lane Model.  

 

In examining the characteristics of the six  subsystems or Lanes in the HCPS pay structure  the merger of 

the following two subsystems  was deemed to incorporate  the most essential features: 

 

a. Bachelor Degrees With Standard Professional Certifications 

b. Bachelor’s Degrees With Advanced Professional Certification 

 

The first pay system  (Standard Certification) has yearly increments that   end  after 10 years providing 

major  incentive  for teachers to achieve the next level of certification (Professional Certification) which 

has  yearly increments through year 15.   The hybrid, merged  representation for s(y) combines these 

two sub-systems  using the first sub-system for the first ten years and transitioning to the second in year  

y=11 with the salary s(11) set  by the parameter “Trans” which is set at $57,558  and then continuing 

with the increments for the second system.   The final tabular values for s(y) for y = 1 to  y= 45 are listed 

in Appendix A, Table A-2. While this schedule does not represent the entirety of the teacher distribution, 

it has all the major attributes in both a qualitative and quantitative sense and is very representative of 

the phenomena being modeled. 

 

3(a)(ii) Modeling of the Experience Distributions m(y) and n(y) in the Single Lane System 

 

In developing a formalism for the distribution of n(y) several observations are made.  

a.)  The distribution of n(y)  can vary significantly over a multi year period 

b.) Teachers will leave the system with various years  of experience (short of retirement) 

and later reenter the system ( e.g. Leaves of Absence and Return)   

c.) Some teachers will leave the system prior to retiring and not return. 

d.) Teachers will enter the system being modeled  from  other systems 

e.) Teachers will retire  sometime after becoming eligible  and be replaced by new hires. 

f.) There is a national phenomena of teacher dropouts in the early years of teaching – in 

particular  after one year of teaching. For example in Michigan  the dropout rate after the first 

year is estimated at 10% with 30 to 40% leaving the classroom within four years [20]. The 

Missouri Department of Elementary and Secondary Education indicates that in the last ten years 

23.4 to 30.3% of Missouri teachers left the classroom after 1-3 years [21]. In a 2007  Policy Brief, 
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the National Commission on Teaching and America’s Future indicated that 46% of all new 

teachers in the United States leave the profession within five years[22]. 

g.) Overall, this early dropout phenomena, seems to also be true in the HCPS system as is 

evidenced by press accounts of the large number of departing teachers  and is starkly evident by 

the shape of  the HCPS experience distribution curve in Figure 2 for y less than five  years 

experience.  HCPS statistics [27]indicate that in 2013 11% of teachers had one year or less 

experience. 

 

In the model, variation in n(y) from b.),  c.), and d.)  will be absorbed within the category of “dropouts” 

which will focus on the phenomena of early dropouts as described above.  Dropouts  are  a factor of 

such significance that this phenomena must be modeled in the context of this analysis. A formulation for 

dropouts is listed in a later section. 

 

This paper will employ a method known as Parametric Analysis.  Such an analysis is particularly useful 

when one has an understanding of the basic principles and variables involved in a phenomena, does not 

have precise/specific numerical values for driving components of the phenomena (or they vary 

considerably over time or amongst various school systems) , but does have reasonable knowledge of the 

range of values involved.  By modeling the phenomena and varying the parameters that drive the model 

(over the expected range of variation) one can then draw conclusions based on the range and variation 

of the output model – in this case the percentage change of payroll (PCP)  from prior year  salary costs  

needed to fund Experience Increments. A  guide for typical distribution of experience is that listed by 

Ingersoll and Merrill [23] who provide national data for  43 year careers  for the  years 1987-1988 and  

2007-2008. That data is shown in Figure 1 below. 
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Similar data, extracted from Table A-4,  for Harford County, MD, is shown in Figure 2 below 
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Toward the end of representation by parametric analysis,  the distribution of employees, in the 

experience levels y =1 to N, will be represented by a parameterized, dimensionless, curve m(y) where 

m(y) is the actual years of experience divided by the years of  experience in year 1. The experience data 

in Figures 1 and 2, transformed to this dimensionless form,  is shown in Figure 3  below.  
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In the context of available data the objective in this paper is twofold.  

1) Make the analysis applicable to data that currently represents reality in the teacher workplace in 

terms of experience and compensation policy with respect to budgeting for the ILL.  

2) Make the analysis applicable to a wide range of possible experience distributions..   

Toward these two objectives a parametric representation is devised for representation of the 

dimensionless experience distribution function m(y) to be employed in the single Lane Model.  This 
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representation is shown in Figure  4 below in terms of  a curve comprised of two connected segments 

with the following characteristics. The function always has the value m(1) = 1.  The graph is represented 

between y = 1 to y = Nf where Nf is a “fitting” parameter specifying an experience length  slightly greater 

than the maximum  number of years N  during which the teaching staff is  in employment.
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The dimensionless  curve  has a value r at the bend point at the value of y = q= Nf x t. where t is a 

fraction between zero and one.   The graph has both a value of 0 and a slope of zero at y = Nf.   By 

varying t and  r  one can thus examine any number of scenarios for the distribution of the work force. 

Examples of such variation,  facilitated by this modeling of experience, are depicted in Figure 5. below. 
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The mathematics for defining the curve is developed in Appendix D along with the manner in which n(y) 

is retrieved from the definition of m(y).    The use of this parametric curve representation  to represent 

the data provided by Ingersoll and Merrill in Figure 2 is shown below in Figure 6. 
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The experience distribution for the Harford County Public Schools as of November 2013, shown in Figure 

2 above, is the sum of all (six levels) for HCPS certificated teachers in each experience year y, as listed in 

Appendix A, Table A-4.   

 

Representation of this HCPS experience distribution in dimensionless, parametric form is  

shown in Figure 7 below. 
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Nf, t, r, = 48,  .022, .89     (3)

 
 

 

 

3(b) Development of the Multi Lane Model 
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The  pay structure  for Certificated teachers in the HCPS system is a typical  Multiple Lane system. 

This system has six pay categories (or Lanes) as defined in Table 3 below. 

Table  3- HCPS Categories of  Certificated Teachers 

Certification Category Description and Type of  Certification 

1 BAP Bachelor’s Degree With Advanced  Professional Certificate 

2 BSP Bachelor’s Degree With Standard  Professional Certificate 

3 DR Professional employees  having earned a doctorate  receive  a salary 
differential of $500 to be added to the appropriate step of the 
Master’s plus 30 salary schedule 

4 M30 Master’s Degree Plus 30 Hours With Professional Certificate 

5 MPC Master’s Degree With Professional Certificate 

6 PRO Provisional Certificate 

   

 

Table A-4 in Appendix A is a table that specifies  the number of certificated teachers by years of 

experience and pay schedule, based on certification levels listed in Table 3 above, for the HCPS system 

as of November 2013.  In Education circles this table is known as a “scattergram”.  Table A-4, the 

scattergram,  can be represented by the two dimensional matrix  T(z, y), with six rows , z = 1 to 6,   

representing the six levels of professional certification as shown in Table  3 above.  The columns of the 

matrix (with y= 0 to N)12  denote the years of experience, y , for each zth certification level or Lane with 

the entry in that (z,y) component being the number of staff members with y years of experience. 

Table A-3 in Appendix A is a tabulation of the salary schedule  for each of the six  pay levels in Table 3 for 

each year of experience in a career cycle from hiring to retirement.   Similarly, the salary schedule of 

Table A-3  is represented by  a matrix S(z, y)  with the same range of variation and definition for the two 

integers z and y. Based on these definitions the quantity P1 is given by the following summation of 

products: 

(6) P1 = G1 x Nemp , where  

 

(7) G1 =  ∑ ∑ 𝑇(𝑧, 𝑦)𝑆(𝑧, 𝑦)/𝑁𝑒𝑚𝑝𝑟𝑒𝑓𝑁
𝑦=1

6
𝑧=1  

and 

(8)  Nempref =   ∑ ∑ 𝑇(𝑧, 𝑦)𝑁
𝑦=1

6
𝑧=1  

Similarly, during the projected year,  the quantity P2i is given by 

(9)  P2i = G2 x Nemp x (1+CL), where 

 

(10)  G2 = ∑ ∑ 𝑇(𝑧, 𝑦)𝑆(𝑧, 𝑦 + 𝐼𝐺)𝑁
𝑦=1

6
𝑧=1 /Nempref 

                                                           
12

 Table A-3  uses the representation that first year teachers have zero years of experience.  Pay tables on the 
other hand begin with the value y=1 to indicate salaries for  first year teachers. The conversion to make first year 
teachers be represented at the pay level for y = 1  and experience level y=1 was made consistent throughout the 
computations  in this paper.  
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where as before the integer IG represents whether the increment is granted or not. Again, for  this 

intermediate calculation, the assumption is that no one has retired or dropped out. If there is 

additionally no cost of living adjustment CL = .0 . 

4. Accounting for Retirees and Dropouts 

Retirement Policy for Maryland Public School teachers is set by the state of Maryland with the dominant 

features as follows: 

i.) Can retire at age 60 regardless of service 

ii.) Can retire after 30 years of service credit regardless of age 

iii.) Early retirement after 25 years of service 

iv.) Special provisions for disability 

Accordingly, in a given year, amongst the entire staff, a number of teachers may be retiring with varying 

years of experience across the entire span of career years.  We define RT(y) as the number of teachers 

that retire  with y years of experience and whose salaries in Equations (5) and (10)  are  removed 

through the definition of the quantity A2r.  

4(a) Computing the Retiree and Dropout Components, A2r and A2d, for a Single Lane System 

 

The HCPS routinely publishes monthly reports on the Internet [35] which lists retirements, separations 

(dropouts), appointments, and leaves of absence  information.  An in depth analysis of these HCPS 

statistics on retirements is conducted in Appendix A, Tables A-5, A-6 and A-7.  From that analysis an 

array RT(y)  (y  = 1 to N) was developed which defines a recent three year average13 of the number of 

retirees at each experience level y. The data on retirees includes  the years of  creditable service for each 

retiree.  The “bin “ count of the number of retirees at each year y  thus provides  means to compute the 

salaries to include in the definition of A2r.  The quantities Nretref and Ndo are similarly averaged from 

these three years of data. See Appendix A, Table A-5.   

 

 For a single Lane,   the  quantity, A2r, the retirement component  of A2, is given by14 

(11)  A2r = F3 x (1+CL) x Nret   where, 

(12)  F3=   ∑ 𝑅𝑇(𝑦)𝑠(𝑦 + I𝐺)𝑁
𝑦=1  /Nretref  

and  

(13) Netref= ∑ 𝑅𝑇(𝑦)𝑁
𝑦=1  

                                                           
13

 The three years for the average were for the school years 2010-2011, 2011- 2012 and 2012-2013. 
14

 The sum is run from y = 1 to N and is made consistent by setting RT(y) = 0 for those experience years where 
there were no retirements.. 
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The quantity  Nretref  is the number of retirees represented in the array RT(y) and  Nret is the actual 

number of retirees used in a particular parametric computation.  The dropout component of A2 is given 

by  

(14)  A2d = F4 x Ndo x (1+CL), where  

(15) F4=  s(Dolev+IG)  

 Ndo is the number of dropouts and  Dolev is the average  experience level for dropouts . In both 

Equations (12) and (15) the salaries are advanced by one year to “subtract”  (and remove them self 

consistently) from their similar advancement  in  Equation  (5). 

The addition to the payroll in the projected year for replacing retirees  (the A1r component of A1) is 

given by 

(16)  A1r  = F5 x Nret x  (1+CL), where  

((17)  F5=  s(Replev)  

and   Replev is the representative or average replacement  experience level. Similarly the addition to the 

payroll for replacing dropouts (the A1d component of A1) is given by  

(18)  A1d =  F6 x (1 + CL) x Ndo, where 

(19) F6 = s(Replev). 

Information provided on appointments [35] and the analysis in Table A-5 (bottom Note)   indicates that 

in 2013, 208 certificated staff had zero experience , implying that the nominal value for Replev should be 

1 for replacing both retirees and dropouts.   

The above sequence of equations defining PCP, along with the parameters and arrays therein, are 

represented and the solution, for the Single Lane, is  obtained in a Microsoft Excel and Visual Basic 

module PCPHC  listed in Appendix E. 

 4(b) Computing A2r and A2d for a Multi  Lane System 

When the increment is granted, the component of the quantity A2, specifying the number of retirees 

per year y,   is modeled identically to that specified in the Single Lane method with two equations similar 

to Equations (11) and (12), with the exception to be described below. 

(20)  A2r = G3 x (1+CL) x Nret   where 

(21)  G3 = ∑ 𝑅𝑇(𝑦) 𝑥 𝐸𝑆(𝑦 + 𝐼𝐺) /𝑁𝑟𝑒𝑡𝑟𝑒𝑓𝑁
𝑦=1  

and 

(22) Nretref = ∑ 𝑅𝑇(𝑦)𝑁
𝑦=1  
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Here the quantity ES(y), or “Effective Salary” differs from s(y) for the following reason.   In the Multi 

Lane model for any value of y there are possibly six different values of S(y, z) for the salaries associated 

with the retirees in the y-th year.  The most representative way to model  the retiree salaries in year y is 

to use a  weighted average of salaries  S(z, y) for the population of active staff  members  in the 

experience year y,  as represented in the yth column of T(z,y).  This weighted average is computed as 

follows: 

(23)  ES(y) = ∑ 𝑆(𝑧, 𝑦)𝑇(𝑧, 𝑦)/ ∑ 𝑇(𝑧, 𝑦), 𝑦 = 1, 2, … 𝑁6
𝑧=1

6
𝑧=1  

Accordingly, this Effective Salary ES(y), for each year of experience, y,  was computed and is included as 

the last (or 7th )row of  data in Table A-3,  Appendix A and is listed separately in Appendix A, Table A-8. 

With these values for ES(y) and the table of values for RT(y) in Appendix A the quantity G3 is calculated 

by Equation (21) and is  obtained by a simple spread sheet operation.  In Equation (21), as before,   the 

salary values are “shifted” forward or not depending on the value IG. 

For dropouts in the early years of employment,  the most representative pay level within the S(z,y) pay 

array, from which they depart,  is ES(Dolev).     

The quantity A2d is computed by the equation 

(24) A2d = Ndo x G4 x (1+CL), where 

(25) G4=  ES(Dolev +IG) 

Similarly the replacement salaries for the Nret retirees and Ndo dropouts  are given by 

(26) A1r = Nret x G5 x (1+ CL) where 

 (27) G5 =   ES (Replev)  

(28) A1d=Ndo x G6 x (1+ CL) where 

(29) G6 = G5 =  ES (Replev) 

and the replacement level, Replev, is nominally 1. 

These latter equations  represent the fact that Ndo employees dropped out,  Nret employees retired, 

but there is no readily available data on the professional level (hence salaries) when the two groups 

exited the workforce. As described above, the most representative salary to attribute to these two 

groups  is the weighted average salary, weighted by the incumbent staff   (within each  y years 

experience group),  which is provided by the array ES(y) as defined by Equation (23).   Again, like 

retirees, the salaries  of dropouts in  the quantity P2i were “shifted” by one year forward to represent 

granting the increment, hence  to remove these salaries, or not, depending on selecting IG,  the 

equation for G4 contains  the quantity ES(Dolev +IG). 

 



28 
 

4.(c) Accounting for Lane Change in a Multi Lane System 

The accounting for the contribution from lane change to  PCILL is generally dependent on the 

characteristics of the district’s teaching staff, the attractiveness of the multi lane pay structure  and the 

school districts other incentives for increasing certification.   A breakdown of the three  components of 

the ILL system for 2011 is listed for the Boston School system by Tyler and Beattie[12]. Of the $399.2 

million salary budget they list $9.1 million due to steps, $9.2 million for longevity and $1.6 million due to 

lane changes.  As a fraction of the PCILL total, lane change was thus 8% of the total.  Examination of the 

single salary schedule for Boston schools [24] indicates a nine lane system allowing several lane changes 

that involve primarily the gaining of 15 additional credit hours interspersed with masters and doctoral 

degrees to move from one lane to another.  Overall the nine lane structure permits a doubling of a 

teacher’s salary in as little as nine years.   

To estimate the contribution of lane change to PCILL for the HCPS system one observes from Table B-1 

that a teacher would require 35 years and movement to the Doctorate Lane before increasing his/her 

salary by a factor of 1.95.  From these statistics it is estimated that in the HCPS salary structure lane 

change contributions, to PCILL, in a given year,  are about one fourth of that for the Boston school 

system or 2%.  

The model for the multi lane system first computes the quantity PCIL from the equation 

(30) PCIL= 100 x (P2-P1)/P1 and then adjusts for the lane change component by the equation 

(31) PCILL =  PCIL/(1- Lanec)  

where for the HCPS Lanec =.02. 

5. The  Excel Visual Basic Model For the Single Lane System 

The Visual Basic Model listed in Appendix E works in conjunction with an Office Professional Excel 

Spread Sheet on a Windows Personal Computer. The function PCPHC computes the value of PCP as 

described in this paper and  is called with a statement in an Excel cell with a statement such as 

=PCPHC(Nemp, N, Nret, Ndo, Dolev, Replev, CL, Nf, t, r, IG) 

where the arguments of the Function PCPHC  are specified in Excel Cells in which  the values for each 

argument have been set.  Such an arrangement permits a very robust parametric analysis using the 

power of Excel which will be exhibited herein. The definition of each argument in the function is as 

follows: 

5(a) Definition of Arguments in the  Visual Basic Single Lane Model 

 

Nemp - The total number of employees in the models pay system (Nominally 2979). 

N – The number of years spanned by the pay system, (nominal value is  46 years). 

Nret - The number of employees retiring at the school year end before or during the increment 

projected  year.  

Ndo – The number of dropouts in the projected year  
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Dolev- The average experience levels for the early  dropouts  (Set at 6- See Table A-7) 

Replev - The average experience  level  (or year in the pay scale) in which new employees replace the 

retirees  and dropouts. (Nominal value is 1: The replacement salary is set at ES(replev) )  

CL - The "cost of living" or CPI salary (expressed as fraction (not percentage) adjustment across the 

board (typically .0 to .05). 

Nf  determines the y terminal point (y = Nf > N) at which the experience curve approaches asymtotically 

to zero with slope zero. 

 t - The bend point in the salary distribution curves [in m(y) and n(y)] [ 0 < t < 1). 

 Note t defines q by the relationship q=  Nf x  t.  

r - The value of m(y) at the bend point 

Values for Nf, t, and r in  the Single Lane Model  

National Data:  1987-1988 [denoted as (1) in Tables SS-2 through SS-7]  Nf,  t,  r =  48,  .22,  1.6  

National Data 2007-2008 [denoted as (2) in Tables SS-2 through SS-7]  Nf,  t,  r =  48,  .35,  .41 

HCPS Data Nov. 2013[denoted as (3) in Tables SS-2  through SS-7]  Nf,  t,  r =  48,  .022,  .89 

HCPS Data Nov. 2013 [denoted as (4) in Tables SS-2 through SS-7] Actual data as shown in Figure 2. 

For the  additional experience distributions  in the parametric  study in Tables SS-1 through SS-8,  Nf was 

set at 48 and  t and r were set as follows: 

t  was set at  .15, .25, .5 and .75    

r  was set at .75, 1.0, 1.5, 2.0  and 2.5.   

with all permutations for these above values of t and r.   

 

5(b) Parametric Values for the Parameters Applicable to Both Models  

 

Nemp was set at 2979 based on the count in Table A-4 with excursions between 2800 and 

3200. 

N- was  set at 46 in PCPHC  based on the span contained in Table A-4.   

Nret was set at 85 based on the analysis in Appendix A, Table A-5  with excursions between 0 and 120. 

Ndo was set at 123 based on the analysis of Appendix A , Table A-5 with  excursions  between 0 and 150. 

Dolev was set at 6  with excursions set at (8, 6 , 4, 3, and 2)) 

 Replev was set at 1 with excursion  at 2. 

CL was set at 0 with excursions  at 1%,2%,3%  and 5% 

IG was set at 1 for computations where the increment was granted and zero when it was not granted. 

6. Summary Results Based on the Two Models  

The Multi Lane  model is the most representative of the actual situation in HCPS  (and other systems in 

general) because it utilizes the full 6 Lanes of pay in the HCPS multi Lane certification levels, the actual 

number of staff in each experience year y for the year 2013,  and a recent three year average for retirees 

and dropouts.   The availability of the multi Lane experience data listed in Table A-4, Appendix A, after 

circulation of the first version of this paper, led to the development and addition of model predictions 

using  the Multi Lane Model.   This version of the paper has retained the secondary use of the Single 

Lane Model because it easily facilitates the broader parametric study, in particular for permitting a wide 

and extensive variation of the experience curves (as depicted in Figure 5)  and was found to produce 
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results that were comparable to that computed by the Multi Lane Model. In general the Single Lane 

Model produces PCP results that are nominally .2% to  .3% higher (in absolute value) than the Multi Lane 

Model  with a consistency across the variation of parameters.  This consistency is apparent in Table 4  

below which contains  an extracted summary from the ML and SS Tables listed in the Appendix for  the 

predictive results from the two models for an extensive variation of Dropout Level (Dolev), Number of 

Retirees (Nret), Number of Dropouts (Ndo), Number of teachers (Nemp), Replacement Level (Rlev), and 

COLA (CL).   The data results that are shaded  represent what was concluded to be the nominlal 

conditions for the HCPS. These Summary results show conclusively that for a wide range of parametric 

conditions, applicable to the HCPS system, the increased payroll cost for providing the increment is  a 

small fraction of 1% with the best estimate for current nominal HCPS conditions being a negative .27%. 

Most significantly the model predicts that rather than leading to a 3% cost increase to fund the ILL,  ILL 

can be provided and the needed projected budget is less than the base year referenced budget. 
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Dolev 8 6 4 3 2

ML-1* -2.21 -1.95 -1.71 -1.60 -1.52

SL-1 -2.03 -1.82 -1.62 -1.53 -1.44

Dolev 8 6 4 3 2

ML-2 -0.53 -0.27 -0.01 0.11 0.22

SL-2 -0.23 -0.02 0.19 0.29 0.38

Dolev 8 6 4 3 2

ML-3 -0.37 -0.12 0.15 0.26 0.37

SL-3 -0.08 0.14 0.34 0.44 0.53

Ndo 0 60 123 130 150

ML-4 0.39 0.07 -0.27 -0.31 -0.42

SL-4 0.57 0.28 -0.02 -0.05 -0.14

Nret 0 40 85 100 120

ML-5 1.15 0.48 -0.27 -0.53 -0.86

SL-5 1.35 0.71 -0.02 -0.26 -0.58

Nemp 2800 2979 3000 3200 3300

ML-6 -0.41 -0.27 -0.26 -0.13 -0.07

SL-6 -0.14 -0.02 0.00 0.12 0.17

Nret 60 60 60 60 60

Ndo 60 60 60 60 60

CL 0  (0%) 0.01  (1%) 0.02  (2%) 0.03 (3%) .05 (5%)

SS-7 0.68282 1.68965 2.68648 3.70331 5.71697

IG=1 

Replev=1 

Dolev=6

*Denotes Table Number in Appendix of Parametric Computation Tables.  Data 

from the SL Tables are for HCPS Experience Figure 7, Curve (4).  Data in the 

shaded area represents  nominal HCPS conditions.

ILL is Provided: Cola % (CL) is Varied: Dolev = 6 Replev =1

Table 4- Percentage Change in Payroll (PCP):  Summary of Parametric 

Analysis Varying the Model Parameters for Multi Lane (ML) and Single 

Lane (SL) Models [PCP Values are in %]

ILL is Provided: Number of Retirees(Nret) is Varied: Dolev = 6 Replev =1

ILL is Witheld: Dropout Level (Dolev) is Varied:

ILL  is Provided: Dropout Level is Varied: Replacemet Level (Replev) =1

ILL  is Provided: Dropout Level is Varied: Replacemet Level (Replev) =2

ILL  is Provided:  Number of dropouts (Ndo) is Varied: Dolev=6, Replev =1

ILL is Provided: Number of Teachers (Nemp) is Varied: Dolev 6 Replev =1

IG=0 

Replev=1

IG=1   

Replev=1

IG=1 

Replev=2

IG=1 

Replev=1 

Dolev=6

IG=1 

Replev=1 

Dolev=6

IG=1 

Replev=1 

Dolev=6

 

6(a) General Observations  

As noted earlier, a phenomenon such as that which is being examined has statistical or variational 

characteristics that preclude precise determination or exact predictions for either near term or future 

costs.  As observed, however, one can readily determine the range of key variables that drive the 

phenomena and with a good model can thus accurately predict the likely range of variation in the 

phenomena itself.  The models developed herein incorporate the key variables that drive the 

phenomena and were found to be as follows: 
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A) The experience characteristics of the work force T(z,y) 

B) The single salary pay schedule S(z,y)  tieing individual salaries to the experience T(z,y) 

C) The turnover in terms of dropouts (Ndo) and retirees (Nret)   and the levels at which the 

dropouts and retirees leave the workforce [Dolev and RT(y)] and the replacement level Replev. 

D) The total number of teachers (Nemp) 

E) The compounding  effects of a COLA, CL added to an increment 

Having incorporated these features into the modeling with fundamental principles,  the models then 

provide a means to determine the likely  percentage  change in payroll  (PCP) arising from the increment 

under nominal conditions  and the variation over the range of likely variations for the key variables 

described above.  

6(b) Average Cost of the Increment:  [Percentage Change Increment, Longevity and Lane 

Change Alone (PCILL)]  

 It is common practice, as cited herein, to refer to the average cost of the ILL as 3%. Some, have even 

referred to a 3.5% or 4% average cost ,  perhaps because of the observation of the  $2000 increment in 

the latter stages of experience and/or the erroneous fixed charges described in this paper.  The reality, 

as shown herein, is that typically, the average cost of the ILL is about  1.7% to 1.9 % if one ignores the 

second important component of pay progression-namely the continual renewal of staff referred to 

herein as “turnover”. This discrepancy in characterization is due to the fact that the true average 

requires the computation of the   weighted sum of all projected salaries, those eligible for the increment 

and those not eligible. In doing this calculation the nominal average cost for the HCPS system (for 

certificated staff alone)  was found to be PCILL= 1.82%. See Table ML-2. This level of salary cost increase 

due to the ILL alone is then further reduced by the always present- cyclical occurrence of turnover as will 

be quantified below.  This is an important number because it says that in the worst case possible, 

absolutely no turnover, the increment cost, 1.82 % is far lower than the claimed 3%.  This should not be 

surprising, however, after examination of Table 5 below. The entries in black indicate the category and 

years of  experience  in which incumbents are eligible for an increment or longevity, the entries in red 

indicate incumbents are not eligible. While the numbers of incumbents for increasing  number of years 

experience, y,  diminish, their salaries increase- the overall  result being the 1.82 % value for PCILL cited 

above.     

.  



33 
 

Sch/Yr 0 1 2 3 4 5 6 7 8

BAP 46799 46799 46799 46799 48205 49652 51139 52675 54254

BSP 41583 42829 44114 45437 46799 48205 49651 51139 52675

DR 45937 47299 48705 50151 51639 53450 55985 58096 60214

M30 45437 46799 48205 49651 51139 52950 55485 57596 59714

MPC 44114 45437 46799 48205 49651 51139 52675 54254 55883

PRO 41583 42829 44114 35007 35225 35445 35662 35882 36099

Sch/Yr 9                  10 11 12 13 14 15 16 17

BAP 55883 57558 59286 61064 62898 64781 64781 64781 64781

BSP 54254 54254 54254 54254 54254 54254 54254 54254 54254

DR 62326 64444 66562 68676 70792 72905 72905 72905 72905

M30 61826 63944 66062 68176 70292 72405 72405 72405 72405

MPC 57558 59286 61064 62898 64781 66726 66726 66726 66726

PRO 36388 36764 37126 37509 37877 38242 38242 38242 38242

Sch/Yr 18 19 20 21 22 23 24 25 26

BAP 64781 66781 66781 66781 66781 66781 68781 68781 68781

BSP 54254 56254 56254 56254 56254 56254 58254 58254 58254

DR 72905 74905 74905 74905 74905 74905 76905 76905 76905

M30 72405 74405 74405 74405 74405 74405 76405 76405 76405

MPC 66726 68726 68726 68726 68726 68726 70726 70726 70726

PRO 38242 40242 40242 40242 40242 40242 42242 42242 42242

Sched/Year 27 28 29 30 31 32 33 34 35

BAP 68781 68781 70781 70781 70781 70781 70781 72781 72781

BSP 58254 58254 60254 60254 60254 60254 60254 62254 62254

DR 76905 76905 78905 78905 78905 78905 78905 80905 80905

M30 76405 76405 78405 78405 78405 78405 78405 80405 80405

MPC 70726 70726 72726 72726 72726 72726 72726 74726 74726

PRO 42242 42242 44242 44242 44242 44242 44242 46242 46242

Sched/Year 36 37 38 39 40 41 42 43 44

BAP 72781 72781 72781 72781 72781 72781 72781 72781 72781

BSP 62254 62254 62254 62254 62254 62254 62254 62254 62254

DR 80905 80905 80905 80905 80905 80905 80905 80905 80905

M30 80405 80405 80405 80405 80405 80405 80405 80405 80405

MPC 74726 74726 74726 74726 74726 74726 74726 74726 74726

PRO 46242 46242 46242 46242 46242 46242 46242 46242 46242

Sch/Yr 45 46

BAP 72781 72781

BSP 62254 62254

DR 80905 80905

M30 80405 80405

MPC 74726 74726

PRO 46242 46242

Table 5-  HCPS Annual Salaries by Professional Certificate [Nov. 2013]. 

Black table Entries Indicate Incumbents are Eligible for Increment. Red 

Table Entries Indicate Iincumbents are not Eligible for an Increment.  
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6 (c ) Withholding the Increment is Not Cost Neutral:  [ % Change Increment Withheld (PCPWH)]  

If the increment is withheld, the system nevertheless benefits from the regular, cyclical turnover from 

retirees and dropouts. Accordingly, the model applied to the HCPS data shows that for nominal HCPS system 

parameters and experience data the change in payroll leads to a drop in cost [PCPWH= -1.95% ]. [Table 4 

and Table ML-1  indicate a variability between -1.5% to -2.2% when the average dropout level varies 

between 2 and 8. ]  For the HCPS payroll of $178M for certificated teachers withholding the increment thus 

leads to a drop in payroll of $3.5M. For the total 5300 HCPS staff with a $252 million payroll, a drop of 1.95 

% would lead to a drop  in payroll of $4.9M-both figures  in effect should be increased by the 20% burden 

which would not have to be paid.  For comparison the drop in HCPS actual l payroll cost [27], [28], {36} for 

Education Services  (certificated staff alone ) between Fiscal years 2013 and 2014 was an  FTE adjusted level 

of $5.5 million due to no ILL and undoubtedly to the larger number of retirees and dropouts.  

6(d) The Ongoing Regular Effects on Payroll  of  Natural  Turnover:  

As described above, teaching staffs such as that for HCPS have natural turnover that is an inherent cyclical 

part of the system- older and regular staff leaving, being replaced with generally recent graduates.  

Accordingly, the accounting (and public pronouncements) for the cost effects of turnover is (or certainly 

should be) an integral part of the governmental process of planning and budgeting and it should be 

announced and described as an inherent part of the progressive pay system.   This process always leads to 

more senior experienced staff retiring  (or dropping out) and being replaced by lower paid staff.  The 

percentage change due to turnover, PCTO , for large, relatively stable staffs is positive and its subtraction 

further reduces PCP below the 1.82% PCILL. For the nominal conditions for the HCPS system (as shown in 

Tables 4 and ML-2) the value of the turnover component, PCTO was found to be 2.09% leading to a nominal 

PCP of -.27 % (1.82%-2.09%). value.  This is a dramatic difference from the generally claimed 3% to 3.5% 

cost.   Table ML-4 lists excursions in PCP varying between .39 % to -.42 % for the number of dropouts varying 

between 0 and 150. Table ML-5  lists excursions in the value of PCP varying between 1.15 % to -.86% for the 

number of retirees varying between 0 and 120.  

6(e) The Effects of Variation in Dropout Level (Dolev) and Retiree and Dropout Numbers:  

The results in Table ML-5 show that retirees  have a much larger effect (for comparable numbers) than do 

dropouts in  Table ML-4.This is due to the fact that retirees vacate significantly higher  salary levels than do 

dropouts . As noted in Figures 2 and 3 and Table A-5, dropouts in the HPCS system have been very heavy in 

the last several years. Table A-7 shows an average dropout level (Dolev) of year 6, The results of Tables ML-2 

and ML-3 show that increasing  the average dropout level  from 2 years to 8 years  leads to a decrease of  

.75% in PCP.   Increasing  the number of dropouts from 0 to 150 leads to a decrease in PCP from .39 % to -.42 

%. See Table 4 and Table ML-4.   Increasing retirees from 0 to 120 leads to a drop in PCP by 2.01%.  See Table 

4 and Table ML-5.  As expected retirees produce a significantly larger drop in PCP than do dropouts due  to 

the difference in salary levels.  Increasing   the number of teachers  from 2800 to 3300 increases PCP from -

.41% to -.07%.  As  a percentage of payroll , a fixed number of retirees and dropouts will have a smaller 

reduction  on PCP if Nemp is chosen  to be greater than the nominal value of 2979 assumed in this analysis.   

This latter computation is made merely to allow slight adjustments to the assumed parameters of the 
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model.   See footnote 11, page 18. However,  a large increase or decrease in Nemp should consistently be 

associated with a proportional increase or decrease in the projected  number of retirees and dropouts .  As 

noted early in the paper the model assumptions are that one is comparing the same number of teachers in 

the reference year and in the projected year. Any increase or decrease in the number of teachers  from the 

reference year are not appropriately attributable to the ILL system other than as noted in this description. 

6(f) The Influence of Replacement Level (Replev)  

Varying the Replacement Level (Replev) from 1 to 2 [Tables ML-2 and ML-3]  had the effect of 

increasing PCP by a difference of approximately .15 % for nominal HCPS conditions. 

6(g) The compounding Effect of a COLA With the Increment 

The traditional Rule of Thumb suggests that a COLA of X percent plus an increment of Y percent leads to a 

PCP of (X + Y) or a 3% Increment and 4% COLA lead to increased payroll of 7%. The results shown in Table 4  

and Table SS-7, experience curve (4), show that the  combined effect of the increment and a COLA are as 

follows:  If the fractional change due to the increment  is  x = (X/100)  (as computed herein) and that due to 

the  COLA is y =(Y/100)  the combined fractional change is [x+y +x*y] ]. The results are additive, but not as 

indicated by the frequently used  rule of thumb. The parameters for Table SS-7 were chosen to yield a 

significantly high value of PCP. From that table  x = .0068282 (PCP =.68282 % for no COLA)  and y= .05  (for a 

5% COLA). The compounding occurs as follows:  [x + y +x*y] = .057170 which agrees with the model to 5 

decimal places.  Accordingly the compounding occurs not with the 3% (or 3.5%) adding to the COLA but with 

the effective PCP value (without the COLA) compounding with the COLA with the compounding formula as 

indicated above. 

6(h) The Effect of the Experience Distribution: 

As noted above the major benefit of retaining the Single Lane Model is  the flexibility it provides in 

examining a broad range of experience distributions.  Figure 4 depicts how the parameters Nf,  t and r 

influence a family of shapes for experience.  Increasing the value of t from a small number greater than zero 

to a value approaching one ( in companion with  a value of r  greater than one ) models an aging experience 

“hump”.  See Figure 5. Table SS-1 through SS-7 shows  that an aging experience hump leads to significant 

drop in increment costs( PCP) leading to a consistent trend toward negative  PCP  values- meaning a 

decrease in payroll costs despite the ILL. Table SS-8 indicates that as the experience hump moves forward 

the nominal  PCILL costs (ILL without allowance for turnover) drop from a nominal 2% range to a 1% range. 

This trend is intuitively logical in the context of  the analysis and observations discussed in the paper. 

6(i) Graphic Depicting the Influence of Nret and Ndo 

The abscissa of Figure 8 is defined as the fractional change from the nominal value of the components Nret, 

and Ndo, varying individually and combined. The nominal values for the two  variables are as follows: Nret = 

85, and Ndo = 123.  For the curve representing PCP for the variation in Nret, the abscissa .5 repesents an 

assumed Nret of 85 *.5 = 43 and for Ndo of 123*.5 = 62.   Also shown is the PCP curve for the combined 

variation of Nret and Ndo.  For the combination the abscissa of .5 represents Nret = 43 combined with Ndo =  
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62.  Note that an abscissa of 1 represents each of the two parameters at their nominal values and cross at 

PCP = -.27, the nominal value for PCP.  This graphic provides a vivid picture  of the likely variation in PCP for 

a wide range of conditions. For example if Nret were as small as 43 with Ndo as small as 62, in combination,  

PCP has a value of .77.  This provides additional dramatic confirmation of the historic overestimate of 

representing the ILL cost. 
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7. A Tableau for Facilitating Computations Beyond that of This Paper 

As noted in  Appendix A the data used herein, in particular for the number of employees, Nemp, the number 

of retirees, Nret and the number of dropouts Ndo are not precise  and admittedly can vary from one year to 

another or within estimates made during a given year. In the process of structuring the model and the 

computations, in particular for the Multi Lane Model, it became apparent that the model could facilitate a 

Computational “Tableau” that was structured in the form of Tables ML-1 to ML-6. Toward that end the six 

quantities G1, G2…G6 were effectively identified in structure to be the following:  

G1-  The weighted average salary of all employees in the reference year 

G2- The weighted average salary of all employees in the “projected” year after the increment is granted 

assuming the same number of employees  as in G1 and no retirees and no dropouts  
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G-3 –The weighted  average salary of all retirees (had they not retired) in the projected year 

G-4 –The estimated average salary of all dropouts (had they not dropped out) in the projected year 

[G4 is dependent on dropout level (Dolev).  See Tables ML-1 and ML-2] 

G-5- The estimated average salary of all replacements that replace the retirees in the projected year 

G-6 –The estimated average salary of all replacements that replace the dropouts in the projected year 

G5 and G6 are dependent on replacement level (Replev). 

As noted in the paper the computation of G1, G2 and G3 are very compute intensive but once done for a 

particular  experience distribution the number does not change.  Accordingly, for estimation purposes, one 

can make the reasonable assumption that the averages cited, in particular for G1, G2 and G3,  would change 

little for Nemp, Nret   being different from the values of  Nempref and  Nretref,  used in the calculations.  

Accordingly, using the values of G1, G2 …G6 and values of interest for Nemp, Nret and Ndo and following 

the identity and computational scheme listed in the first two columns of the ML Tables, one has an efficient, 

simple  Tableau to extend the author’s calculations  for a range of variation for the three quantities, Nemp, 

Nret and Ndo.    

8. Validation of the Model’s Predictions of Little or No New Money Costs 

Due to the ILL 

 

The purpose of this section is to validate the model and its prediction of “little or no new money”  needed to 

provide for the ILL.  This is done  through the following: 

1.) Actual data from two public school districts,  one in Louisville Kentucky and the other in Harford 

County  Maryland 

2.) Experience and practice in the U. S. Federal Civil Service System 

3.) Experience and practice in the State of Washington Civil Service System  

8.(a) Data from the Louisville Kentucky School District 

Mr. Brent Mckim is a Physics teacher in Jefferson county, Kentucky (Louisville  area) and is on leave of 

absence serving as President of a 6000 member Teacher’s Association.  In that role he has addressed the 

issue at hand and interacted with this writer to coordinate findings.  In a claim identical to that made by the 

HCPS system the Jefferson County school system’s Chief Financial Officer  (CFO) claims that the   yearly 

increment,  provided to Jefferson County teachers,  leads to the need to  increase the personnel payroll 

budget  by 1.8 % (2.8% if a 1% Cola is also granted).   In  Reference [27] the HCPS described how “new 

funding was not adequate to fund the proposed wage increases” which included a 1% COLA and the ILL  for 

the school year 2013-14.    In  Reference [7] an HCPS communications specialist  described  how “fixed 

charges” of 20% are added to the estimated cost of the ILL. The  HCPS claims that if the average increment is 

a percentage given by A, then  the  amount that needs to be budgeted to pay for this increase is 1.2 x A 

when allowing for an additional 20% “fixed charges”  due to  medicare, social security, pension fund costs 
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and other employer paid benefits. . For the school year 2013-2014 the HCPS system claimed  to need to fund 

2% for the ILL (1.67%  before the fixed charges)  and 1.2% for the 1% COLA for a total of 3.2%. See Section 

9.(a)-Sub section Fiscal Year 2014.   In correspondence with this writer, Mr. Mckim  has provided an analysis  

of Kentucky Teacher salary data  that validates the concept of “little or no new money required to fund the 

ILL”.   A summary of his analysis is as follows: The state of Kentucky requires that each school district provide 

annual  data to a state data base  [25] listing the average salary of each district’s public school teachers..  

This average is defined as the total  salary payroll for all  teachers  in the district divided by the  number of 

Full Time Equivalent (FTE) teachers. The average salary is the preferred metric (for this analysis) because it 

automatically adjusts for any change in FTE’s from one year to another.  Thus the percentage change in 

average salary from the reference year to the projected year is an accurate measure of the combined 

percentage increased cost of a COLA and an ILL provision.   An extract from the Kentucky data base for the 

Louisville District 275   leads to the following  table:   

 Table 6-Extract from Kentucky Teachers Salary Data Base* 

1 AVERAGE CLASSROOM TEACHER SALARY 

2 1989-90 THROUGH 2013-14 

3  

4 DIST NO District 
Name 

      

   ILL Plus 1% COLA ILL Plus No COLA 

91 275 Jefferson 
County 

2011-
2012 

2012-
2013 

% 
Change 

2012- 
2013 

2013-
2014 

% 
Change 

         

  Average 
Salaries 

$59,496 $60,029 .90 % $60,029 $59,914 -.19 % 

  

*http://education.ky.gov/districts/finrept/pages/school%20district%20personnel%20information.aspx 

Mr. Mckim’s analysis is as follows:   

If 1.8% of new money was truly needed to fund the increment in going from  fiscal year 2011-12 to 2012-

2013 (due to a 1% COLA and the ILL),  the average teacher’s salary should  have risen by 2.8%.  In fact the 

average teacher’s increase in salary was .90 % ,  slightly less than the 1% COLA   

In going from 2012-13 to 2013-14 (due to “no”  COLA and the ILL)  the average teacher’s salary dropped by 

.19  %.   Here if 1.8% of new money was  truly needed to fund the ILL then  the average salary should have 

risen by 1.8%. 

This writer has additionally examined the Kentucky data (link above) and found that for the transition from 

school year 2010-2011 to  2011-2012 when a 6.1% COLA and an ILL was provided the average salary in 

Jefferson County rose by 6.0%  rather than the 7.9% that would be expected  by the fallacious claim at issue. 

Mr. Mckim’s analysis of the Kentucky data and his conclusion that the ILL does not lead to the need for  

“new money”  is contained  in a series of e-mail exchanges with this writer  placed  in  the post  titled, 
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 “Fallacy of Increment Costs-Experience in Jefferson County Kentucky” at the following link:   

http://complexpolitics.wordpress.com 

8.(b) Data  from the HCPS 

In the Introduction to this paper reference was made to the HCPS announcement of the $10 million that was 

required and budgeted to pay for the fiscal year 2013 ILL  plus a 1% COLA for the entire HCPS staff.  The 

entire staff consists of over 5000 personnel of which nominally 3000 are certificated teachers.  The nominal 

budget  for the combined certificated and non certificated staff is $240 to $250  million.  As noted this 

claimed  $10 million figure represents   a nominal 4% increase   implying that this  estimate was made by the  

usual Rule of Thumb  (1% for the COLA and 3% for the ILL).  In its FY 2014 [27] and 2015 [28]  budget 

documents  the HCPS lists actual historic (after the fact) cost  and FTE  data for the fiscal years  FY 2012 and 

2013.  From this data one can calculate the actual percentage increase in average salaries  arising from  the 

HCPS  providing the 1% COLA and the ILL in FY 2013. The data that pertains primarily to teachers is listed 

under  the category Education Services.  The change in average salary for Education Services  is listed in 

Table 7 below. 

Table 7-Percentage Change in Average HCPS Teacher Salaries in FY 2013 due to 1% 
COLA and an ILL [Data from References [27], [28],[36} 

    

 FY 2012 
Total 
Salaries 

FY 
2012 
FTE’s 

FY 2012 
Average 
Salary 

FY 2013 
Total 
Salaries 

FY 
2013 
FTE’s 

FY 2013 
Average 
Salary 

% 
Change 
In Average 
Salary PCP 

 PCILL 

-PCTO 

         

Education 
Services 

182,395,787 2,951.5 61,798 
 

178,907,738 2,890.1 61,903 .17% -.83 % 
 

  

This data shows that the actual increase in average salary was less than the 1% COLA , hence  the effect of 

the ILL adjusted for turnover (PCILL – PCTO)  is negative.  This arises from the analysis of this paper 

expressed by the following equations where the COLA provided was 1% (PCCOLA = .1%) 

 (32)  PCP = PCILL - PCTO +PCCOLA   =  .17 %    or     PCILL- PCTO =  .17 % -1.0 % = - .83 % 

With PCILL being nominally 1.82 % and PCCOLA =1% the result is that the turnover percentage PCTO  was 

2.65%  (1.82% + .83%). This  value is   larger than the author’s estimate  of PCTO = 2.09 % (in Table ML-2) but 

is understandable in that the author used a three year average for the number of retirees and dropouts . 

Examination of Table A-5 shows  that for the three years of retirement history used in the analysis, the 

largest  number of end of year retirees (July period) occurred in July, 2012 (71 in July alone and 111  total 

during   FY 2012).   These retirees are the ones  effecting the value of PCTO for Fiscal year 2013.  Accordingly 

the average number used in the analysis for Nret of 85 is a low figure for FY 2013 explaining the difference in 

the PCTO values described above. Analysis  of the HCPS data thus confirms (similar to  the analysis  of the  

http://complexpolitics.wordpress.com/
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Kentucky data) that average teacher salaries for HCPS (independent of the 1% COLA)  were not impacted at 

the nominal 1.8% level by providing ILL but in fact were actually reduced by a negative value of -.83 %.     

8.(c) United States Office of Personnel Management (OPM) –Guidance to Federal 

Agencies on Budgeting for the U. S. Civil Service ILL 
 

The U. S. Federal Government  operates one of of the largest employee systems in the world  using a 

collection of pay schedules that all have the features of typical  ILL systems.   The pay schedules for the 

military are also a typical ILL system with pay lanes, increments and longevity. The civilian GS schedule has 

15 grades (lanes) and 10 steps or increments within each lane.  Increment  percentages  vary from 3.3 % to 

2.6%. The  combination of lane change and steps provides a pay range (for Fiscal year 2014) varying from 

annual salaries between $17,981 (Grade 1, step 1) to $130,810 (Grade 15, step 10). 

Accordingly , as the federal government routinely grants annual  ILL pay to the over 2 million civil servants , 

each federal government department must plan its budget accordingly. Toward this end OPM issues annual 

guidance to the various departments on how to budget for any across the board pay increases and the ILL 

system.  It does this through its annual OPM Circular A-11 [29].  For the last several years this Circular has 

contained the exact same instructions as follows:  

“OPM Circular A-11 

PREPARATION, SUBMISSION, AND EXECUTION OF THE BUDGET 

EXECUTIVE OFFICE OF THE PRESIDENT 

OFFICE OF MANAGEMENT AND BUDGET 

JULY 2014  

 

Extracted Section  

32.1 How should I estimate personnel compensation in my budget request? 

Personnel compensation 

(a) Pay scales. Agencies should use 1.0 percent as their provisional estimate of the pay raise for January 

2016. However, in making their final estimates for the 2016 Budget, agencies should anticipate revising 

pay raise amounts after the President makes a pay raise decision. [Author’s note: This is the COLA.] 

 (c) Within-grade increases. Additional resources for within-grade increases are normally not allowed. 

Offset the net cost, if any, of within-grade salary increases (i.e., costs after turnover, downgrades, and 

other grade or step reducing events are taken into account) by savings due to greater productivity and 

efficiency. 2014 “ [Author’s Note: This is the ILL.] 

 

The conclusion is that the federal government and OPM recognize that the ILL system cost behavior is such 

that turnover compensates/offsets  for the ILL, and accordingly no “new money” budget increase is required 

reflecting its instructions to the Federal Departments.   

See reference [4] for additional confirmation on the Federal Government’s position with respect to 

budgeting for ILL costs. 



41 
 

8.(d) Budgeting for the State of Washington Classified Employees 

The state of Washington House of Representatives, in a Bill Analysis [30[ centered on discussion and 

authorizations  for increments in Community and Technical Colleges  stated: 

“In some cases employees receive increments even if there is no state funding provided specifically for that 

purpose.  For example, classified employees  in the state personnel system receive 5 percent  increments for 

each year of service (up to a cap) . The legislature assumes that state agencies can pay the costs through 

savings from employee turnover or other resources.”  

8.(e) Discussion of ILL  Costs in Michigan 

In [31] J. Mack,  reporting on a  local Michigan dispute over a school budget contract impasse  refers to 

conversations with the Teacher’s association president and the school districts finance officer.  Commenting 

on the conversations  Mack  included the following comment: 

 “Many districts fund step increases by using the savings that occur when teachers at the top of the pay scale 

retire and are replaced by less-experienced teachers who earn considerably less 

8.(f)  Validation of the Model Components and Structure 

Dr. William T. Hartman is the Director of the Penn State Center for Total Quality Schools ,  is a Professor of 

Education in the Education Leadership Program  and teaches courses in financial management and decision 

making. He is author of the book titled  “School District Budgeting” [37].  His Curriculum Vitae is listed in 

reference [38]. On page 124 of his book he describes two processes for estimating a school district budget. 

A. "a first step in developing salary expenditure estimates is to update the salary schedule for the 

upcoming  year.  The next step is to project the number of personnel at each salary level in the 

schedule for the next year.  The salary schedule format can also be used for the personnel schedule, 

with years of experience and educational level again as the dimensions, and the number of people at 

each particular experience/education combination in the respective cells of the matrix. Using this 

format, the number of people currently in each cell of the matrix is determined –the present location 

matrix. These numbers are then adjusted  by  1.) eliminating any persons who will be retiring, 

moving, resigning, or going on leave; 2.) adding any persons expecting to be returning to the district 

payroll next year, 3.) advancing those remaining in the matrix by one year of experience 4.) 

estimating the number of those who will qualify for a higher educational level next year, usually 

based on historical records and 5.) estimating who will be entering the district next year and their 

placement in the matrix, at the initial cell or elsewhere. The resultant matrix provides an estimate of 

the numbers of persons to be employed according to their salary category.” 

B. “A shortcut for districts with fairly stable enrollments and personnel requirements  is to advance all 

eligible teachers currently in the district one year in experience (taking care not to advance those 

already at the maximum experience level). This procedure generally overestimates total salary costs 
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somewhat since retiring teachers at the higher end of the salary schedule will likely be replaced by 

new teachers at lower salary levels.” 

C. “The projected number of teachers at each point on the salary schedule is multiplied by the 

corresponding amounts in the updated salary schedule. Overall salary expenditure  estimates for 

instructional personnel are then obtained by summing the results of each calculation.” 

  

The procedure developed herein (summarized in Table 1 of the paper ) differs from Hartman in that 

it is computing payroll in both a reference year and projected year assuming that the salary schedule 

is unchanged.  Additionally the procedure  is a slight modification of the two steps described by 

Hartman in A. and C., above.  The two, two dimensional matrices S(z,y) and T(z,y) described on page 

24 of this paper are the two matrices described above for the salary schedule and number of people 

currently in each cell.  The author’s procedure  augments and deviates  slightly from Hartman’s 

suggested procedure   as follows:  First  the payroll for the reference year, P1,   is computed where it 

is assumed that the salary schedule and number of FTE’s remain the same for both the reference 

year and the projected year.  This is done using Eq. 6  which is identical to Hartman’s C. above.  The 

author then advances all staff members one year in experience (assuming all staff remain  and there 

are no new hires). This computes the intermediate quantity P2i in Equation (9).  This step  is similar 

to  Hartman’s B. and C.  except that it has not removed projected staff departures nor added 

projected staff gains.  it is an intermediate step in that the projected year payroll P2 is computed 

from P2i by separately computing and subtracting the turnover dollars described by Hartman in A. 

above.   Since the projected retirees, dropouts and those on leave were included in P2i at the 

salaries advanced by one year their removal salaries are similarly based on their  projected salaries 

had they remained.   The author then computes the budget difference due to turnover,  Pto = A2 - 

A1 of the paper(section 4.(a)  and then computes the  projected year payroll  P2= P2i – Pto.  P2, 

computed this way, while done differently , is identical to the procedure described by Hartman 

when combining  A. and C. above.  

  

 The procedure used by HCPS is identical to Hartman’s  shortcut, B. and C., and as he describes: 

 

“This procedure generally overestimates total salary costs somewhat since retiring teachers at the 

higher end of the salary schedule will likely be replaced by new teachers at lower salary levels.” 

 

This paper shows the level of such HCPS overestimation  of total salary costs which arises by treating 

turnover as a “Cost Savings Measure” as opposed to  being an integral part of the progressive pay 

system.   
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9. Importance of Understanding the True ILL Costs 

A Critical Impact in Harford County Maryland 
This section will provide an example of how recent actual contract terms  (related to providing the ILL or 

not) between the HCPS and the Harford County Education Association were based on what this paper 

describes as “fallacious new money requirements”. As noted herein decisions on providing the ILL by HCPS 

have historically  been based on estimating the ILL costs by a Rule of Thumb and lately by computing the ILL 

by computing increases to eligible individuals   (see Table 5)  while  treating turnover as a “Cost Savings 

Measure”  i.e.,  not treating turnover as an integral part of the progressive pay system.  This modification of 

the Rule of Thumb reduces the implied cost of a 3% increment, longevity pay,  and lane movement  (the ILL) 

to a nominal  figure  of 1.7% to 1.9%. In addition, however, since this percentage is viewed (incorrectly ) as 

“new money” the HCPS adds a 20% burden (fixed charges) to this projected need for new money [7]. This 

fixed charge is based on the fact  that all salaries are impacted by the social security,  medicare tax and 

pension fund payments as a fixed percentage of payroll.  As shown in Appendix B, when one tracks positions 

rather than individuals , the added base upon which fixed charges are added is essentially zero or at worst  

bounded by the(+ or -. 5%) bound arising from the analysis of this paper.   Adding the 20% to the added base 

(erroneously computed) thus compounds the error of over estimating the ILL cost.  

  

An example of the   importance of how HCPS new money costs are computed is exemplified  in the wordage 

of the 2014-2015 HCPS Negotiated Agreement with the  Harford County Education Association (HCEA) [32]. 

The  Agreement addresses the ILL  new money cost issue with a paragraph as follows:  

“ Each teacher shall be afforded a step increment, as appropriate. The Board of Education will provide $2,000 

additional salary per year to teachers who have achieved National Board Certification. 

FY-2015. The Board and the Association agree to the following salary enhancements subject to the County 

funding authorities providing $8.5 million in the budget categories from which salaries and benefits for 

teachers are paid,  which $8.5 million shall be in excess of the total funding received by the Board from the 

County funding authorities for FY14. 

a) Cost of Living – All teachers shall receive a 1% salary increase on July 1, 2014 

b) Step Increment – All eligible teachers shall receive a step increment  

beginning July 1, 2014  

c) Longevity Increases – All eligible teachers shall receive a longevity 

increase beginning July 1, 2014”  

As a result of agreements with other Unions representing the 2000 + non- teachers in the HCPS,  the HCPS 

practice is to provide  identical pay increases ( COLAs and ILL or not), negotiated with the HCEA, to the non 

teaching staff. Accordingly, the language in the above agreement is such as to imply that the $8.5 million 

was to cover the COLA and ILL for the 5000 plus staff .  It should be noted that the contract agreement is in 

effect assuming that both the COLA and the ILL cost require new money  with a superimposed 20% add on 

(as shown below).   
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9.(a) Examining  the  HCPS $8.5 Million “New Money” Requirement for FY 2015 

The phrase    

 “subject  to the County funding authorities providing $8.5 million in the budget categories from which 

salaries and benefits for teachers are paid,  which $8.5 million shall be in excess of the total funding received 

by the Board from the County funding authorities for FY14”   

had the clear meaning that unless $8.5 million of “new money” in the salary category was provided there 

would be no COLA or ILL provided.  In fact there was no $8.5 million in new money provided for salaries and  

no COLA or ILL was provided to the HCPS staff for FY 2015.   

In the previous section it was shown that in FY 2013 the HCPS provided a 1% COLA and the ILL and yet the 

average teacher salary increased less than the value of the 1% COLA.  As indicated the cost of the ILL was 

negative.  This indicates that the cost of  the ILL could not be the  fiscal reason to withhold the ILL were 

there a correct understanding of the true “new money” costs short of either a miscalculation or 

misinterpretation of the true costs of the ILL.  Toward understanding the HCPS budgeting and estimation 

process a recent history of HCPS budgeting information is analyzed below.  This includes examination of  

recent HCPS cost estimates for proposed ILL and COLA adjustments.  

Fiscal Year 2013 
The HCPS document  [26] dated June 11, 2012  contains the words : 

 “The fiscal year 2013 budget includes  a $10 million wage package, the first increase for HCPS employees 

since July 2008. “ and  refers to the cost with the phrase:  “Salary Increases with fixed charges $10 million”. 

  

From this document it is evident that the HCPS represented to the County fiscal authorities (the County 

Council and the County Executive)   that this was a new money requirement.  As quoted in Reference [6] the  

then County Executive, ultimately the deciding official on providing new money or not,  was quoted as 

saying: 

 

“The proposed 1 percent pay raise, plus step and longevity pay will cost the Board of Education 

approximately $10 Million. Although our teachers undoubtedly deserve a fair pay raise, this proposal also 

comes with a cost – the loss of both administrative and teaching positions.” 

 

As noted above, based on a nominal $240 to $250 million budget (see next section below) the $10million 

figure represents a rule of thumb “new money” estimate of 4% (or 1% for the COLA and 3% for the ILL).   

Fiscal Year 2014 
In Fiscal Year 2014 the HCPS apparently modified the previous Rule of Thumb to account for the “gaps” in 

the staff for those staffers not eligible for increments or longevity pay.  See Table 5.  In a private 

communication [7] the proposed funding increase for salaries was stated as follows: 
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Base Wages*: Unrestricted Operating Budget FTE Positions for Staff:       $240,087,470                                                                 

Step for Eligible Staff (& related fixed charges)                                               $4,830,093]    2.0% 

1% COLA (& related fixed charges)                                                                    $ 2,895,286]  1.2% 

                                      Negotiated Wage Package                                             $  7,725,379]   3.2% 

The 1% COLA is a uniform increase on all salaries. The HCPS added  a fixed 20% charge to account for 

employer paid  social security, medicare  taxes  and pension contributions on both the COLA and the 

projected increased “new money” costs of the ILL.   As shown in Appendix B, however, the HCPS erroneously 

computes the  new money costs of the ILL, hence the added 20% burden  added to the erroneous  ILL cost is 

also erroneous. Removing the added 20% burden on the ILL (referred to above as Step for Eligible Staff)  

leads to the ILL being $4.025 million  ($4.83/1.2) or  PCILL =1.67% (100 x 4.025/240). 

Fiscal Year 2015 

In reference [33] Jillian Lader, HCPS Manager of Communications, is quoted  as providing the following 

numbers for fiscal year 2015 salary increases: 

Step Increases  $4.7 million,   Longevity  Increases $ .900 million (Total   ILL = $5.6 million)  

[As  done before in Ref. [7] it  is presumed that HCPS  has added a   20% “fixed charge”] 

 

Adding a 1.2 % cost for a 1% COLA  (to a $240 million budget) adds $2.9 million  (to the above stated ILL cost 

of $5.6 million) for a total of $8.5 million.   This $8.5 million figure corresponds  to the “new money” 

requirements in the fiscal year 2015 HCEA contract  as  a condition for the COLA and the ILL to be provided 

as stated in the contract language quoted above.  

As noted in the previous section no new money was needed ( as predicted by the model and the actual HCPS 

historic data) to provide the ILL to the teachers  (certificated staff) component of the HCPS budget. 

However, as noted the contract terms regarding the new money caveat refer to the entire staff of over 

5000. The breakout between COLA, ILL and the fixed charges  described above indicate that the unburdened  

HCPS estimate of the combined step and longevity increase  is $4.7 million ( $5.6 million/1.2).    Using these 

figures the ‘new money” requirements for the entire staff is analyzed below using the modeling 

methodology of this paper.  

 

9.(b) The ILL Cost for the 5000+ HCPS Staff 

Based on the ILL costs  of $4.7 million (without turnover) reported by Lader  one can now make informed 

estimates of the PCP costs for the entire HCPS staff when turnover is accounted for in the model  This is 

done  through sequencing of  analysis using Tables 8, 9 and 10  below. First note that the unburdened  figure  

for ILL15is  $4.7 million.  

                                                           
15

 Here  ILL is used to represent the actual dollars that are associated with the percentage figure PCILL. 
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Table 8: Projected % Change in Payroll for Entire HCPS Staff (of 5000+)  
Assuming No Turnover in Non-Certificated Staff 

 Certificated Staff  (Nominal 3000)* Entire HCPS staff (5000+) 

P1 $178.6 million  $240 million [7] 

P2i  -  P1 =  ILL $3.18 million  $ 4.7 million  

P2i =P1+ ILL $181.8 million  $244. 7 million 

PCILL =100* ILL/P1 1.82 % 1.96% 

Pto $ 3.74 million  $ 3.74 million16 

PCTO=100xPto/P1 2.09 % 1.56 %  

PCP = PCILL – PCTO -.27 % .40 % 

*All figures in this column are taken from Table ML-2 

Note that in Table 8, despite assuming no  turnover adjustments for the non- certificated staff,  the level of 

PCP  (ignoring the COLA for the moment) is   .40 % , significantly lower than the 3% based on the Rule of 

Thumb or the 1.96 % based on PCILL unadjusted for regular turnover.  Given that there are a significant  

number of retirees and dropouts in the non- certificated staff (though at lower salaries) it is definite that the 

value of Pto (for the entire staff) is higher than that  for the certificated staff alone and that the PCP value 

for the entire staff is thus lower than the .40 %  indicated in Table 8.  To estimate how much lower the PCP 

value might be for the entire staff  (when turnover adjustments are included for the non-certificated staff)   

several values  are examined for the number of non-certificated  retirees (Nret) and dropouts (Ndo) and 

replacement salary differentials as shown in Table 9 below.  

Table 9:  Pto Turnover Values  for Varying number of Non-certificated Retirees 
and Dropouts 

Number of Retirees Number of Dropouts Turnover Adjustments Pto* 

50 100 $.65 million 

60 100 $.73 million 

70 100 $.81 

*Assumed Salary differential between average non certificated retiree and replacement hire was $8,000 
*Assumed Salary differential between average  non certificated dropout and replacement was $2,500 

 

Using these three values of Pto for the non-certificated  staff and adding these  values to the value of Pto for 

certificated staff,  adjusted estimates of PCP for the entire staff are listed in Table 10. 

  

                                                           
16

 In the absence of data for non-certificated retirees and dropouts, this table (as  a point of departure)  is using the 
values for Pto for certificated  staff alone with corrections then done in Table 10 with estimated numbers for the staff 
as calculated in Table 9.  
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Table 10: Percentage  Change in Payroll (PCP) for Entire HCPS Staff Assuming  
Three  Levels of Retirees and Dropouts In Non-Certificated Staff 

  Nret =50, Ndo =100 Nret = 60, Ndo =100 Nretr = 70, Ndo = 100 

 Increase in Pto= $.65 
million 

Increase in Pto= $.73 
million 

Increase in Pto= $.81 
million 

P1 $240 million $240 million $240 million 

P2i – P1= ILL $4.7 million $4.7 million $4.7 million 

P2i $244.7 million $244.7 million $244.7 million 

PCILL=100 xILL/P1 1.86% 1.86% 1.86% 

Pto $4.39 million $4.47 million $4.55 million 

PCTO = 100 x Pto/P1 1.83 % 1.86 % 1.90 % 

PCP =PCILL– PCTO .03 % .00 % -.04 % 

 

The results of this section and the calculations lead to the following conclusions: 

 

1.) When analyzing the ILL costs for teachers alone (the certificated staff ) both the model and the HCPS 

data indicate that the ILL could be (and could have been) provided  (absent the contract agreement 

with the other Unions)  to the teaching staff with no new money. 

2.) A reasonable estimate of the additional turnover savings from the non- certificated staff ( used to 

adjust the model results for the certificated staff)  leads to the conclusion that the ILL could  be (and 

could have been)  provided to the entire HCPS staff of 5000 plus with little or no new money.  

3.) Adding the 20% burden to the erroneously computed “new money” adds an additional error to the 

budgeting process and is a practice that should be corrected by the HCPS budget officials. 

It is most interesting to observe these numbers for the cost of the ILL  in the context of the HCPS Board of 

Education final deliberations   on the FY 2015 budget as described in [34].  The article describes  various 

strategies discussed on how to raise $2.8 million that a Board Member  said was needed  to pay for the 1% 

COLA  above.  It is evident that nowhere in this discussion was there any understanding  or discussion of the 

facts as provided herein over the actual cost of the ILL  and  how that cost might impact the implications of  

(and the HCPS Board’s  obligation related to ) the contract language with the HCEA,  namely the words “$8.5 

million shall be in excess” .   The deliberations described show an apparent failure to really understand  a fair 

interpretation of the  caveat that was placed in the contract with the HCEA over the  $8.5 million.  This can 

be attributed to the process by which the turnover funds are ascribed to be a “cost savings measure”.17  

The concept of expressing a proposed  budget item in the context of “required new money” is most 

important    ( a hot button item) for decision makers.   In retrospect, the terms of the HCEA  2015 contract 

stating that the “raise” provision would  apply only if $8.5 million of new money was provided can only be 

described as unfortunate for the HCPS staff of 5000+.  I t has been shown in this paper that the  concept of 

                                                           
17

  The HCPS understates turnover dollars by not including teacher dropouts, and leaves of absence nor drop outs and 
retirees in the non- certificated staff. 
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describing turnover savings as a “cost savings measure”  (rather than its inclusion in the context of required 

new money) and computation of PCP,  serves to hide and obfuscate any understanding of the true cost of 

the progressive pay system and overstates the “need for new money” to fund the increment, longevity and 

lane changes (the ILL). Turnover is an inherent, natural component of the progressive pay system and any 

fair reporting of the cost of the system should combine PCILL and PCTO as described in this paper.   The fact 

that major figures in the government and education systems  have continually misstated these true costs is 

testimonial to this observation.  Most importantly,  this misperception of costs has led (and continues to 

lead) to several years of withholding the ILL resulting in a large number of experienced staff either dropping 

out or departing Harford County for other Counties.   Pay practices such as that described herein accelerate 

the natural turnover in school systems.  The National Commission on Teaching and America’s Future,  in a 

Policy Brief titled “The High Cost  of Teacher Turnover” [22]  states that turnover 

“costs the nation more than $7 billion annually….. draining resources,  diminishing  teaching quality,  and 

undermining the nation’s ability to close the student achievement gap.” 

10.  Recommendation for Officials and Board of Education 

  in Harford County Maryland 

First it should be noted that the annual failure to have the ILL provided has led to teachers and others  

viewing the County Executive and the County Council as being the responsible parties.  This writer’s 

perception is that the fault lies collectively with the Harford County School System (the Board of Education, 

the Superintendent and the Chief Fiscal Officer), the County Council and the County Executive.  As former 

Councilwoman Mary Ann Lisanti  recently suggested  (on this topic) at a Harford County Council meeting , 

““the County needs a new paradigm”.   In observing the dynamic that unfolds yearly in Harford County over 

the issue of pay raises for teachers  it is clear that the presentation of numbers described herein as “new 

money”  (the current paradigm) is at the heart of why teachers have not received progressive pay or 

increments in five of the last six years with similar or worse statistics for other county employees.  The effect 

of such new money perceptions is that the press highlights these numbers, the public reads the press as do 

public officials and the combined effect is to create antagonism and resistance to  providing progressive pay.  

This paper has  highlighted how,  over the years the county’s largest newspaper, despite the historic  100 

year old  and national  implementation of the single salary system and its rationale,  suggested doing away 

with progressive pay.  Most ironically, this occurs in Harford County Maryland,  whose largest citizen 

taxpayer component group, combined U. S. civil service and military, are themselves the beneficiary of 

progressive pay, which as described in this paper is done routinely and for which the U. S. government   has 

a vastly different (and correct) perspective on the new money costs.  To overcome this unfortunate dynamic  

this writer recommends  that HCPS salary budget components be listed and represented by the Chief 

Financial Officer, the superintendent and the Board of Education , and be presented to the County 

Executive, the county Council , the Press and the Public as shown in Table 11 below. The table includes only 

the figures that bear on the new money cost  of the COLA and the ILL.  
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Table 11: Recommended New Paradigm for Representing  Salary Increase for 
the HCPS and Other Harford County Departments ][Example for HCPS] 
 What the $ 

figures and 
percentages  
Might Have 
Looked like for 
FY 2015 

Reference Year Salary Data $ in millions 

A.Reference Year Salary Total (Dollars) $249.7* 

B. Reference Year Full Time Equivalents (FTE’s)  

Projected Year Salary Data[Assuming no change in FTEs] [Note: Computed as described 

herein] 
C. Change in total HCPS salary cost due to  

Increments, longevity, lane changes and turnover [As computed by the 
method of this paper (% and $’s)  

 

C1.  % Change in Percentage - .04 % 

              C2.  Change in Dollars (Including 20% Fixed Charges) - $.12 

D. Change in total HCPS salary Cost Due to COLA  

D1. % Change in percentage 1 % 

D2. Change in Dollars (Including 20% Fixed Charges) $3.0 

Projected Year Salary Data (Change Due to Change in Number of FTE’s) 
E.  Change in Cost Due to Change in FTES  

        E1. Changed Number of FTE’s  

                E2. Cost of Changed Number of FTE’s (%)  

                E3. Cost of Changed Number of FTE’s (Dollars)  

*Following [7] this figure is based on the unrestricted budget and is taken from 
Reference [28], page 27 

 

 

Based on such a presentation it seems unlikely that County officials could rationalize withholding of the ILL 

in FY 2015 or any other year.  Rather than making the decision on the basis of need for $8.5 million in new 

money the decision  for providing both the 1% COLA and the ILL would have been based on the need for 

$2.88 million for the COLA ($3.0 million with the 20% fixed charges) and little or no new money for the ILL.  

This would be in conformance with the practice  (for example) of the federal government, the State of 

Washington and many other school districts nationwide.  

11. Conclusions 

The care, treatment and motivation of human resources is one of the most vital functions of any 

management system.  It is especially true for systems of teachers in school systems because there is little 

mobility opportunity for advancement during a career. The increment or step pay system which provides 

increasing pay, or increments,  based on experience, and advanced certification does compensate  (when 
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provided) for this otherwise lack of significant upward mobility during a career, and provides an essential 

catalyst for individuals to pursue a teaching career.  Accordingly, the wise and intelligent implementation of 

the increment pay system becomes a vital component of good management. The writer has observed the 

operation and implementation of the increment pay system in Harford County, Maryland for several 

decades and has chronicled  (in a related document) numerous instances where the understanding and/or 

misrepresentation of the costs of the increment system have led to withholding of the increment and that 

these decisions are based on a Rule of Thumb that increment budgetary costs are 3% to 3.5%. This has been 

especially true in the last several years where the increment has been withheld for five of the last six  years. 

The dynamics of the process is characterized by  HCPS lumping  a  grossly exaggerated  proposed cost for the 

increment (ILL)  in a package called  “Wages and Salaries”18  that connote the concept of the package as a 

whole (and by implication all of its parts) having  a need for “new money” for funding to occur.  Additionally, 

Turnover, an integral component of the Increment System,   is not so identified as a component of the ILL 

System nor is it  acknowledged as having  the generally and totally  offsetting  cost  (shown conclusively in 

the paper) and is routinely lumped under “Cost Savings Measures”.   

This paper addresses the misinterpretation of the cost of the increment system (by a huge factor-  official 

claim of 1.8% to 3 % % versus actual -.27 % based on the model in this paper validated by real data) and 

provides a framework for a continual reference analysis  for understanding this misinterpretation.  It is the 

author’s hope that by placing the paper on the Internet it will engender discussion and lead to a consensus 

understanding that will preclude a continuation of what has been described in the paper as using a faulty 

rule of thumb in estimating,  budgeting for,  informing the public, and making decisions on the provision of 

the ILL.  In turn this, again hopefully, will lead to a  policy of fair treatment for teachers and other human 

resources in local, state and federal government. 

When a “Rule of Thumb” is continually used by budget and senior government officials to make and 

rationalize budget and policy determinations and it is shown that the rule of thumb grossly overestimates  

new money costs then it is time to review and formally take issue with the decades old use of this Rule of 

Thumb. 

  

                                                           
18

 For example the package  cost was described as $13.7 million  for FY 2015 and $16.5 million for FY 2016. 
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Appendix of Parametric Computation Tables 

Tables Listing Computational Results With Extensive Variation of Parameters 

Computation Tables done with the Multi Lane Model are numbered ML-1 through ML-6. 

Computation Tables done with the Single Lane Model are numbered SL-0 through SL-8. 

   

Tables ML-1 through ML-6 are paired  with Tables SS-1 through SS-6 in the parameters chosen for each 

Tables computations with the following distinction.  The calculation in the ML tables are for one single 

experience distribution represented by Table A-4.  The calculations done in th SS tables are for a wide 

collection of experience distributions. The one- to- one associations in comparable HCPS scenarios between 

the two tables is made by choosing the results for the experience curve labeled (4) in the SS tables.  

          Inputs G1 59,942            59,942            59,942              59,942              59,942              

G2 59,942              59,942              59,942                59,942                59,942               

G3 72,383              72,383              72,383                72,383                72,383               

G4 53,889              50,030              46,629                45,031                43,792               

G5 42,435              42,435              42,435                42,435                42,435               

G6 42,435              42,435              42,435                42,435                42,435               

IG = 0

Dolev 8                       6                       4 3 2

Replev 1 1 1 1 1

Nemp 2979 2979 2979 2979 2979

Nret 85 85 85 85 85

Ndo 123 123 123 123 123

         Inputs Lanec 0.02 0.02 0.02 0.02 0.02

G1*Nemp P1 178,568,433     178,568,433     178,568,433       178,568,433       178,568,433      

G2*Nemp (G2=G1) P2i 178,568,433     178,568,433     178,568,433       178,568,433       178,568,433      

G3*Nret A2r 6,152,524         6,152,524         6,152,524           6,152,524           6,152,524          

G4*Ndo A2d 6,628,308         6,153,691         5,735,373           5,538,871           5,386,410          

G5*Nret A1r 3,606,980         3,606,980         3,606,980           3,606,980           3,606,980          

G6*Ndo A1d 5,219,513         5,219,513         5,219,513           5,219,513           5,219,513          

A2r+A2d-A1r-A1d Pto 3,954,339         3,479,721         3,061,404           2,864,902           2,712,441          

P2i-Pto P2 174,614,094     175,088,711     175,507,029       175,703,531       175,855,992      

100*(P2i-P1)/P1 PCIL % -                   -                    -                     -                     -                     

PCIL/(1-Lanec) PCILL % -                   -                    -                     -                     -                     

100*Pto/P1 PCTO % 2.21                  1.95                  1.71                    1.60                    1.52                   

PCILL-PCTO PCP % -2.21 -1.95 -1.71 -1.60 -1.52

G4 is dependent on Dolev and was set at G4=ES(Dolev).  G5 =  G6 = ES(Replev) = ES(1)

Increment is Witheld  G2 = G1

 ML-1 Percentage Change in Payroll When the Increment is Withheld :                                                                                                

Multi Lane Model: Variation of Dropout Level (Dolev) [Replev = 1]
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        Inputs G1 59,942                59,942               59,942                59,942                 59,942            

G2 61,011                 61,011                61,011                 61,011                   61,011              

G3 72,383                 72,383                72,383                 72,383                   72,383              

G4 55,787                 52,140                48,316                 46,629                   45031

G5 42,435                 42,435                42,435                 42,435                   42,435              

G6 42,435                 42,435                42,435                 42,435                   42,435              

IG=1

Dolev 8                          6                         4                          3                            2                       

Replev 1 1 1 1 1

Nemp 2979 2979 2979 2979 2979

Nret 85 85 85 85 85

Ndo 123 123 123 123 123

           Inputs Lanec 0.02 0.02 0.02 0.02 0.02

G1*Nemp P1 178,568,433        178,568,433       178,568,433        178,568,433          178,568,433     

G2*Nemp P2i 181,752,833        181,752,833       181,752,833        181,752,833          181,752,833     

G3*Nret A2r 6,152,524            6,152,524.0        6,152,524.0         6,152,524.0           6,152,524.0      

G4*Ndo A2d 6,861,801            6,413,209           5,942,862            5,735,373              5,538,871         

G5*Nret A1r 3,606,980            3,606,980           3,606,980            3,606,980              3,606,980         

G6*Ndo A1d 5,219,513            5,219,513           5,219,513            5,219,513              5,219,513         

A2r+A2d-A1r-A1d Pto 4,187,832            3,739,240           3,268,893            3,061,404              2,864,902         

P2i-Pto P2 177,565,002        178,013,593       178,483,941        178,691,429          178,887,931     

100*(P2i-P1)/P1 PCIL % 1.78                     1.78                    1.78                     1.783                     1.78                  

PCIL/(1-Lanec) PCILL % 1.82                     1.82                    1.82                     1.82                       1.82                  

100*Pto/P1 PCTO % 2.35                     2.09                    1.83                     1.71                       1.60                  

PCILL-PCTO PCP % -0.53 -0.27 -0.01 0.11 0.22

G4 is dependent on Dolev and was set to G4=ES(Dolev+1).  G5  =  G6  = ES(1)

ML-2  Percentage Change in Payroll With the Increment, Longevity, Lane Change  and 

Turnover:     Multi Lane Model:   Variation of Dropout Level (Dolev) (Replev=1)

Increment, Longevity and Lane Change Provided
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          Inputs G1 59942 59942 59942 59942 59942

G1 59942 59942 59942 59942 59942

G2 61011 61011 61011 61011 61011

G3 72383 72383 72383 72383 72383

G4 55787 52140 48316 46629 45031

G5 43792 43792 43792 43792 43792

G6 43792 43792 43792 43792 43792

IG=1  Increment, Longevity and Lane Change Provided

Dolev 8 6 4 3 2

Replev 2 2 2 2 2

Nemp 2979 2979 2979 2979 2979

Nret 85 85 85 85 85

Ndo 123 123 123 123 123

Inputs Lanec 0.02 0.02 0.02 0.02 0.02

G1*Nemp P1 178,568,433        178,568,433       178,568,433        178,568,433          178,568,433     

G2*Nemp P2i 181,752,833        181,752,833       181,752,833        181,752,833          181,752,833     

G3*Nret A2r 6,152,524            6,152,524           6,152,524            6,152,524              6,152,524         

G4*Ndo A2d 6,861,801            6,413,209           5,942,862            5,735,373              5,538,871         

G5*Nret A1r 3,722,316            3,722,316           3,722,316            3,722,316              3,722,316         

G6*Ndo A1d 5,386,410            5,386,410           5,386,410            5,386,410              5,386,410         

A2r+A2d-A1r-A1d Pto 3,905,599            3,457,007           2,986,660            2,779,171              2,582,669         

P2i-Pto P2 177,847,235        178,295,826       178,766,174        178,973,662          179,170,164     

100*(P2i-P1)/P1 PCIL % 1.78 1.78 1.78 1.78 1.78

PCIL/(1-Lanec) PCILL % 1.82 1.82 1.82 1.82 1.82

100*Pto/P1 PCTO % 2.19 1.94 1.67 1.56 1.45

PCILL-PCTO PCP % -0.37 -0.12 0.15 0.26 0.37

G4 is dependent on Dolev and was set to G4  =  ES(Dolev+1).  G5= G6 = ES(Replev) =  ES(2)

Table ML-3  Percentage Change in Payroll With the Increment, Longevity, Lane Change and 

Turnover:   Multi Lane Model:  Variation of Dropout Level (Dolev):  [Replev=2]
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          Inputs G1 59,942                 59,942                59,942                 59,942                   59,942              

G2 61,011                 61,011                61,011                 61,011                   61,011              

G3 72,383                 72,383                72,383                 72,383                   72,383              

G4 52,140                 52,140                52,140                 52,140                   52,140              

G5 42,435                 42,435                42,435                 42,435                   42,435              

G6 42,435                 42,435                42,435                 42,435                   42,435              

IG=1 Increment, Longevity and Lane Change  is Provided

Dolev 6                          6                         6                          6                            6                       

Replev 1                          1                         1                          1                            1                       

Nemp 2,979                   2,979                  2,979                   2,979                     2,979                

Nret 85                        85                       85                        85                          85                     

Ndo -                       60                       123                      130                        150                   

         Inputs Lanec 0.02                     0.02                    0.02                     0.02                       0.02                  

G1*Nemp P1 178,568,433        178,568,433       178,568,433        178,568,433          178,568,433     

G2*Nemp P2i 181,752,833        181,752,833       181,752,833        181,752,833          181,752,833     

G3*Nret A2r 6,152,524            6,152,524           6,152,524            6,152,524              6,152,524         

G4*Ndo A2d -                       3,128,395           6,413,209            6,778,189              7,820,987         

G5*Nret A1r 3,606,980            3,606,980           3,606,980            3,606,980              3,606,980         

G6*Ndo A1d -                       2,546,104           5,219,513            5,516,558              6,365,260         

A2r+A2d-A1r-A1d Pto 2,545,544            3,127,835           3,739,240            3,807,174              4,001,271         

P2i-Pto P2 179,207,290        178,624,999       178,013,593        177,945,659          177,751,562     

100*(P2i-P1)/P1 PCIL 1.78                     1.78                    1.78                     1.78                       1.78                  

PCIL/(1-Lanec) PCILL 1.82                     1.82                    1.82                     1.82                       1.82                  

100*Pto/P1 PCTO % 1.43                     1.75                    2.09 2.13 2.24

PCILL-PCTO PCP % 0.39                     0.07 -0.27 -0.31 -0.42

Table ML-4  Percentage Change in Payroll With the Increment, Longevity, Lane Change and 

Turnover.  Multi Lane Model: Variation of Number of Dropouts (Ndo)     [Dolev  = 6]

G4 was set to G4= ES(Dolev+1)):  G5 = G6 =ES(Replev) =  ES(1)

G4 was set to  G4 = ES(Dolev+1):  G5  = G6 ES(Replev) = ES(1)
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          Inputs G1 59,942                59,942               59,942                59,942                 59,942            

G2 61,011                61,011               61,011                61,011                 61,011            

G3 72,383                72,383               72,383                72,383                 72,383            

G4 52,140                52,140               52,140                52,140                 52,140            

G5 42,435                42,435               42,435                42,435                 42,435            

G6 42,435                42,435               42,435                42,435                 42,435            

IG=1

Dolev 6                          6                         6                          6                           6                       

Replev 1                          1                         1                          1                           1                       

Nemp 2,979                  2,979                 2,979                  2,979                   2,979               

Nret -                      40                       85                        100                       120                  

Ndo 123                     123                    123                     123                       123                  

       Inputs Lanec 0.020                  0.020                 0.020                  0.020                   0.020               

G1*Nemp P1 178,568,433     178,568,433    178,568,433     178,568,433       178,568,433  

G2*Nemp P2i 181,752,833     181,752,833    181,752,833     181,752,833       181,752,833  

G3*Nret A2r -                      2,895,305         6,152,524          7,238,264           8,685,916       

G4*Ndo A2d 6,413,209          6,413,209         6,413,209          6,413,209           6,413,209       

G5*Nret A1r -                      1,697,403         3,606,980          4,243,506           5,092,208       

G6*Ndo A1d 5,219,513          5,219,513         5,219,513          5,219,513           5,219,513       

A2r+A2d-A1r-A1dPto 1,193,697          2,391,599         3,739,240          4,188,454           4,787,405       

P2i-Pto P2 180,559,137     179,361,234    178,013,593     177,564,380       176,965,428  

100*(P2i-P1)/P1 PCIL % 1.78                    1.78                   1.78                    1.78                      1.78                 

PCIL/(1-Lanec) PCILL % 1.82                    1.82                   1.82                    1.82                      1.82                 

100*Pto/P1 PCTO % 0.67                    1.34                   2.09                    2.35                      2.68                 

PCILL-PCTO PCP % 1.15 0.48 -0.27 -0.53 -0.86

Table ML-5 Percentage Change in Payroll With the Increment, Longevity, Lane Change and 

Turnover:  Multi Lane Model:  Variation of Number of Retirees (Nret) [Dolev  = 6]

Increment, Longevity and Lane Change Provided

G4 was set to G4  =  ES(Dolev+1):  G5 = G6 = ES (Replev) = ES(1)  
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          Inputs G1 59942 59942 59942 59942 59942

G2 61011 61011 61011 61011 61011

G3 72383 72383 72383 72383 72383

G4 52140 52140 52140 52140 52140

G5 42435 42435 42435 42435 42435

G6 42435 42435 42435 42435 42435

IG=1

Dolev 6 6 6 6 6

Replev 1 1 1 1 1

Nemp 2800 2979 3000 3200 3300

Nret 85 85 85 85 85

Ndo 123 123 123 123 123

     Inputs Lanec 0.02 0.02 0.02 0.02 0.02

G1*Nemp P1 167,838,742    178,568,433   179,827,223    191,815,705     197,809,946 

G2*Nemp P2i 170,831,800    181,752,833   183,034,072    195,236,343     201,337,479 

G3*Nret A2r 6152524.002 6152524.002 6152524.002 6152524.002 6152524.002

G4*Ndo A2d 6413209.479 6413209.479 6413209.479 6413209.479 6413209.479

G5*Nret A1r 3606980.481 3606980.481 3606980.481 3606980.481 3606980.481

G6*Ndo A1d 5219512.932 5219512.932 5219512.932 5219512.932 5219512.932

A2r+A2d-A1r-A1dPto 3739240.069 3739240.069 3739240.069 3739240.069 3739240.069

P2i-Pto P2 167,092,560    178,013,593   179,294,832    191,497,103     197,598,239 

100*(P2i-P1)/P1PCIL % 1.78 1.78 1.78 1.78 1.78

PCIL/(1-Lanec) PCILL % 1.82 1.82 1.82 1.82 1.82

100*Pto/P1 PCTO % 2.23 2.09 2.08 1.95 1.89

PCILL-PCTO PCP % -0.41 -0.27 -0.26 -0.13 -0.07

G4 is depenent on Dolev and was set to G4=ES(Dolev+1)):  G5=G6 = ES(Replev) =  ES(1)

Table ML-6 Percentage Change in Payroll With the Increment, Longevity, Lane Change and 

Turnover:   Multi Lane Model:  Variation of Number of Teachers (Nemp):  [Replev=1]

 Increment, Longevity and Lane Change Provided
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Nemp

N Nominal

Nret Values

Ndo of 

Dolev HCPS

Replev Parameters

CL

IG

Nf t r

(1) 48 0.22 1.6

(2) 48 0.35 0.41

(3) 48 0.022 0.89

(4) 48 Fig. 7 (4) 0

48 0.15 0.75

48 0.15 1 Values in this box list the percentage change  (PCP)  for the

48 0.15 1.5 specified parameters 

48 0.15 2

48 0.15 2.5 Data in the gray shaded area  (1) and (2) repesents calculations 

48 0.25 0.75 made  for Nf,  t, and r representing  the National Experience  data 

48 0.25 1 from Ingersoll and Merrill [11] and (3) for the  the HPCS data, Fig. 7.

48 0.25 1.5 The remaining rows of Nf, t and r were set to span a broad range

48 0.25 2 of possible teacher experience distributions over the

48 0.25 2.5 career span as depicted in Figure 4.

48 0.5 0.75

48 0.5 1

48 0.5 1.5

48 0.5 2

48 0.5 2.5

48 0.75 0.75

48 0.75 1

48 0.75 1.5

48 0.75 2

48 0.75 2.5

(1) Nf, t,  r represent  NationaL Education Data 1987-1988 [11], Figure 5

(2) Nf,  t,  r  represent National Education Data 2007-2008 [11], Figure 5

PCP values  in the  light shaded area represent the  national  experience distributions (1), (2).

Input and output values in dark shaded  area represent nominal HCPS  and PCP computed with

experience curves (3)  and (4) representing HCPS experience data as shown in  Fig. 7.

Table SL-0  Table Format for Parametric Analysis for the Percentage Change in Payroll (PCP) 

due to the Increment System  (Single Stream Model)                                                                                 

PCP (%)

Nemp,Nret,Ndo,Dolev,Replev,CL and IG can change in each 

Values for Nf, t 

and r below 

change for each 

row
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Nemp 2979 2979 2979 2979 2979 2979

N 46 46 46 46 46 46

Nret 85 85 85 85 85 85

Ndo 123 123 123 123 123 123

Dolev 8 6 4 3 2 1

Replev 1 1 1 1 1 1

CL 0 0 0 0 0 0

IG 0 0 0 0 0 0

Nf t r

(1) 48 0.22 1.6 -1.99 -1.78 -1.59 -1.49 -1.40 -1.32

(2) 48 0.35 0.41 -2.09 -1.88 -1.67 -1.57 -1.48 -1.38

(3) 48 0.022 0.89 -2.09 -1.87 -1.66 -1.57 -1.47 -1.38

(4) 48 Fig. 7 (4) 0 -2.03 -1.82 -1.62 -1.53 -1.44 -1.35

48 0.15 0.75 -2.08 -1.87 -1.66 -1.56 -1.47 -1.38

48 0.15 1 -2.06 -1.84 -1.64 -1.54 -1.45 -1.36

48 0.15 1.5 -2.03 -1.82 -1.62 -1.52 -1.43 -1.34

48 0.15 2 -2.01 -1.80 -1.60 -1.51 -1.42 -1.33

48 0.15 2.5 -2.00 -1.79 -1.60 -1.50 -1.41 -1.32

48 0.25 0.75 -2.05 -1.84 -1.64 -1.54 -1.45 -1.36

48 0.25 1 -2.02 -1.81 -1.61 -1.52 -1.42 -1.33

48 0.25 1.5 -1.98 -1.78 -1.58 -1.49 -1.40 -1.31

48 0.25 2 -1.96 -1.76 -1.56 -1.47 -1.38 -1.30

48 0.25 2.5 -1.95 -1.74 -1.55 -1.46 -1.37 -1.29

48 0.5 0.75 -1.96 -1.76 -1.56 -1.47 -1.38 -1.30

48 0.5 1 -1.93 -1.73 -1.54 -1.45 -1.36 -1.28

48 0.5 1.5 -1.89 -1.70 -1.51 -1.42 -1.34 -1.25

48 0.5 2 -1.87 -1.68 -1.49 -1.40 -1.32 -1.24

48 0.5 2.5 -1.86 -1.66 -1.48 -1.39 -1.31 -1.23

48 0.75 0.75 -1.89 -1.69 -1.50 -1.42 -1.33 -1.25

48 0.75 1 -1.86 -1.67 -1.48 -1.40 -1.31 -1.23

48 0.75 1.5 -1.83 -1.64 -1.46 -1.37 -1.29 -1.21

48 0.75 2 -1.81 -1.62 -1.44 -1.36 -1.27 -1.19

48 0.75 2.5 -1.79 -1.61 -1.43 -1.35 -1.26 -1.19

(1) Nf, t,  r represent  NationaL Education Data 1987-1988 [11], Figure 5

(2) Nf,  t,  r  represent National Education Data 2007-2008 [11], Figure 5

PCP values  in the  light shaded area represent the  national  experience distributions (1), (2).

Input and output values in dark shaded  area represent nominal HCPS  and PCP computed with

experience curves (3)  and (4) representing HCPS experience data as shown in  Fig. 7.

Table SL-1 -Percentage Change in Payroll When the Increment is Witheld :                                    

Single Stream Model: Variation of Dropout Level: [Replev = 1]                                                                   

Parameters Varied: Dropout Level (Dolev), Nf,  t,   r                                                                                                                                           

PCP (%)
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Nemp 2979 2979 2979 2979 2979 2979

N 46 46 46 46 46 46

Nret 85 85 85 85 85 0

Ndo 123 123 123 123 123 0

Dolev 8 6 4 3 2 6

Replev 1 1 1 1 1 1

CL 0 0 0 0 0 0

IG 1 1 1 1 1 1

Nf t r

(1) 48 0.22 1.6 -0.24 -0.03 0.17 0.27 0.36 1.87

(2) 48 0.35 0.41 -0.12 0.10 0.32 0.42 0.51 2.11

(3) 48 0.022 0.89 -0.16 0.07 0.28 0.38 0.47 2.06

(4) 48 Fig. 7 (4) 0 -0.23 -0.02 0.19 0.29 0.38 1.93

48 0.15 0.75 -0.16 0.06 0.28 0.38 0.47 2.06

48 0.15 1 -0.17 0.05 0.25 0.35 0.45 2.01

48 0.15 1.5 -0.19 0.03 0.23 0.33 0.42 1.97

48 0.15 2 -0.20 0.02 0.22 0.32 0.41 1.94

48 0.15 2.5 -0.20 0.01 0.21 0.31 0.40 1.93

48 0.25 0.75 -0.19 0.03 0.23 0.33 0.43 1.99

48 0.25 1 -0.24 -0.02 0.18 0.28 0.38 1.91

48 0.25 1.5 -0.28 -0.07 0.13 0.22 0.32 1.82

48 0.25 2 -0.31 -0.10 0.10 0.19 0.28 1.78

48 0.25 2.5 -0.33 -0.12 0.08 0.17 0.26 1.75

48 0.5 0.75 -0.45 -0.24 -0.04 0.06 0.15 1.64

48 0.5 1 -0.52 -0.32 -0.12 -0.03 0.06 1.53

48 0.5 1.5 -0.62 -0.41 -0.22 -0.13 -0.04 1.40

48 0.5 2 -0.67 -0.47 -0.28 -0.19 -0.11 1.32

48 0.5 2.5 -0.71 -0.51 -0.32 -0.23 -0.15 1.26

48 0.75 0.75 -0.65 -0.45 -0.26 -0.17 -0.08 1.35

48 0.75 1 -0.72 -0.52 -0.33 -0.24 -0.15 1.26

48 0.75 1.5 -0.81 -0.61 -0.43 -0.34 -0.25 1.14

48 0.75 2 -0.86 -0.67 -0.48 -0.40 -0.31 1.06

48 0.75 2.5 -0.90 -0.71 -0.53 -0.44 -0.35 1.01

(1) Nf, t,  r represent  NationaL Education Data 1987-1988 [11], Figure 5

(2) Nf,  t,  r  represent National Education Data 2007-2008 [11], Figure 5

PCP values  in the  light shaded area represent the  national  experience distributions (1), (2).

Input and output values in dark shaded  area represent nominal HCPS  and PCP computed with

experience curves (3)  and (4) representing HCPS experience data as shown in  Fig. 7.

Table SL-2 -Percentage Change in Payroll  With the Increment and Turnover:                             

Single  Stream Model:  Variation of Dropout Level (Dolev), [Replev =1]:                                              

Parameters Varied: Dropout Level (Dolev), Nf, t,r; Note Right most column is solution for PCIA

PCP (%)
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Nemp 2979 2979 2979 2979 2979 2979

N 46 46 46 46 46 46

Nret 85 85 85 85 85 85

Ndo 123 123 123 123 123 123

Dolev 8 6 5 4 3 2

Replev 2 2 2 2 2 2

CL 0 0 0 0 0 0

IG 1 1 1 1 1 1

Nf t r

(1) 48 0.22 1.6 -0.10 0.12 0.22 0.32 0.41 0.51

(2) 48 0.35 0.41 0.04 0.26 0.37 0.47 0.57 0.67

(3) 48 0.022 0.89 0.00 0.22 0.33 0.43 0.53 0.63

(4) 48 Fig. 7 (4) 0 -0.08 0.14 0.24 0.34 0.44 0.53

48 0.15 0.75 0.00 0.22 0.33 0.43 0.53 0.63

48 0.15 1 -0.02 0.20 0.31 0.41 0.51 0.60

48 0.15 1.5 -0.04 0.18 0.28 0.38 0.48 0.58

48 0.15 2 -0.05 0.17 0.27 0.37 0.47 0.56

48 0.15 2.5 -0.05 0.16 0.26 0.36 0.46 0.55

48 0.25 0.75 -0.04 0.18 0.28 0.39 0.48 0.58

48 0.25 1 -0.09 0.13 0.23 0.34 0.43 0.53

48 0.25 1.5 -0.14 0.08 0.18 0.28 0.37 0.47

48 0.25 2 -0.16 0.05 0.15 0.24 0.34 0.43

48 0.25 2.5 -0.18 0.03 0.13 0.22 0.32 0.41

48 0.5 0.75 -0.30 -0.09 0.01 0.11 0.20 0.29

48 0.5 1 -0.38 -0.17 -0.07 0.02 0.12 0.21

48 0.5 1.5 -0.48 -0.27 -0.18 -0.08 0.01 0.10

48 0.5 2 -0.53 -0.33 -0.24 -0.14 -0.05 0.03

48 0.5 2.5 -0.57 -0.37 -0.28 -0.19 -0.10 -0.01

48 0.75 0.75 -0.51 -0.31 -0.21 -0.12 -0.03 0.06

48 0.75 1 -0.58 -0.38 -0.29 -0.19 -0.10 -0.02

48 0.75 1.5 -0.67 -0.47 -0.38 -0.29 -0.20 -0.12

48 0.75 2 -0.73 -0.53 -0.44 -0.35 -0.26 -0.18

48 0.75 2.5 -0.76 -0.57 -0.48 -0.39 -0.30 -0.22

(1) Nf, t,  r represent  NationaL Education Data 1987-1988 [11], Figure 5

(2) Nf,  t,  r  represent National Education Data 2007-2008 [11], Figure 5

PCP values  in the  light shaded area represent the  national  experience distributions (1), (2).

Input and output values in dark shaded  area represent nominal HCPS  and PCP computed with

experience curves (3)  and (4) representing HCPS experience data as shown in  Fig. 7.

Table SL-3  Percentage Change in Payroll With the Increment and Turnover :                                 

Single Stream Model:  Variation of Dropout Level: [Replev = 2]                                               

Parameters Varied Dropout Level(Dolev),  Nf,  t ,   r

PCP (%)
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Nemp 2979 2979 2979 2979 2979 2979

N 46 46 46 46 46 46

Nret 85 85 85 85 85 85

Ndo 0 60 120 123 130 150

Dolev 6 6 6 6 6 6

Replev 1 1 1 1 1 1

CL 0 0 0 0 0 0

IG 1 1 1 1 1 1

Nf t r

(1) 48 0.22 1.6 0.54 0.26 -0.02 -0.03 -0.06 -0.16

(2) 48 0.35 0.41 0.70 0.41 0.12 0.10 0.07 -0.03

(3) 48 0.022 0.89 0.66 0.37 0.08 0.07 0.03 -0.07

(4) 48 Fig. 7 (4) 0 0.57 0.28 0.00 -0.02 -0.05 -0.14

48 0.15 0.75 0.66 0.37 0.08 0.06 0.03 -0.07

48 0.15 1 0.63 0.35 0.06 0.05 0.01 -0.08

48 0.15 1.5 0.61 0.32 0.04 0.03 -0.01 -0.10

48 0.15 2 0.59 0.31 0.03 0.02 -0.02 -0.11

48 0.15 2.5 0.58 0.30 0.02 0.01 -0.02 -0.12

48 0.25 0.75 0.61 0.33 0.04 0.03 -0.01 -0.10

48 0.25 1 0.56 0.28 -0.01 -0.02 -0.05 -0.15

48 0.25 1.5 0.50 0.22 -0.06 -0.07 -0.10 -0.20

48 0.25 2 0.46 0.19 -0.09 -0.10 -0.13 -0.22

48 0.25 2.5 0.44 0.17 -0.10 -0.12 -0.15 -0.24

48 0.5 0.75 0.32 0.05 -0.22 -0.24 -0.27 -0.36

48 0.5 1 0.24 -0.03 -0.30 -0.32 -0.35 -0.44

48 0.5 1.5 0.13 -0.14 -0.40 -0.41 -0.44 -0.53

48 0.5 2 0.06 -0.20 -0.46 -0.47 -0.50 -0.59

48 0.5 2.5 0.02 -0.24 -0.50 -0.51 -0.54 -0.63

48 0.75 0.75 0.09 -0.17 -0.44 -0.45 -0.48 -0.57

48 0.75 1 0.01 -0.25 -0.51 -0.52 -0.55 -0.64

48 0.75 1.5 -0.09 -0.34 -0.60 -0.61 -0.64 -0.73

48 0.75 2 -0.15 -0.40 -0.65 -0.67 -0.70 -0.78

48 0.75 2.5 -0.19 -0.44 -0.69 -0.71 -0.74 -0.82

(1) Nf, t,  r represent  NationaL Education Data 1987-1988 [11], Figure 5

(2) Nf,  t,  r  represent National Education Data 2007-2008 [11], Figure 5

PCP values  in the  light shaded area represent the  national  experience distributions (1), (2).

Input and output values in dark shaded  area represent nominal HCPS  and PCP computed with

experience curves (3)  and (4) representing HCPS experience data as shown in  Fig. 7.

Table SL-4 Percentage Change in Payroll With the Increment and Turnover :                                  

Single Stream Model:  Parameters Varied  Number of Dropouts(Ndo),  Nf, t ,  r                                                  
Values for Nemp,N, Nret,Ndo,Dolev,Replev,CL and IG can 

change in each column below

PCP (%)
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Nemp 2979 2979 2979 2979 2979 2979

N 46 46 46 46 46 46

Nret 0 40 85 100 110 120

Ndo 123 123 123 123 123 123

Dolev 6 6 6 6 6 6

Replev 1 1 1 1 1 1

CL 0 0 0 0 0 0

IG 1 1 1 1 1 1

Nf t r

(1) 48 0.22 1.6 1.30 0.68 -0.03 -0.27 -0.42 -0.58

(2) 48 0.35 0.41 1.51 0.85 0.10 -0.14 -0.31 -0.47

(3) 48 0.022 0.89 1.46 0.81 0.07 -0.18 -0.35 -0.51

(4) 48 Fig. 7 (4) 0 1.35 0.71 -0.02 -0.26 -0.42 -0.58

48 0.15 0.75 1.46 0.80 0.06 -0.18 -0.35 -0.51

48 0.15 1 1.43 0.78 0.05 -0.20 -0.36 -0.52

48 0.15 1.5 1.39 0.75 0.03 -0.21 -0.37 -0.53

48 0.15 2 1.37 0.73 0.02 -0.22 -0.38 -0.54

48 0.15 2.5 1.35 0.72 0.01 -0.23 -0.38 -0.54

48 0.25 0.75 1.40 0.75 0.03 -0.22 -0.38 -0.54

48 0.25 1 1.33 0.70 -0.02 -0.26 -0.42 -0.58

48 0.25 1.5 1.26 0.63 -0.07 -0.31 -0.46 -0.62

48 0.25 2 1.22 0.60 -0.10 -0.33 -0.49 -0.64

48 0.25 2.5 1.19 0.57 -0.12 -0.35 -0.50 -0.66

48 0.5 0.75 1.08 0.46 -0.24 -0.47 -0.62 -0.78

48 0.5 1 0.98 0.37 -0.32 -0.54 -0.70 -0.85

48 0.5 1.5 0.86 0.26 -0.41 -0.64 -0.79 -0.94

48 0.5 2 0.78 0.19 -0.47 -0.69 -0.84 -0.99

48 0.5 2.5 0.73 0.15 -0.51 -0.73 -0.88 -1.02

48 0.75 0.75 0.81 0.22 -0.45 -0.67 -0.82 -0.97

48 0.75 1 0.73 0.14 -0.52 -0.74 -0.89 -1.03

48 0.75 1.5 0.62 0.04 -0.61 -0.83 -0.97 -1.12

48 0.75 2 0.55 -0.03 -0.67 -0.88 -1.02 -1.17

48 0.75 2.5 0.50 -0.07 -0.71 -0.92 -1.06 -1.20

(1) Nf, t,  r represent  NationaL Education Data 1987-1988 [11], Figure 5

(2) Nf,  t,  r  represent National Education Data 2007-2008 [11], Figure 5

PCP values  in the  light shaded area represent the  national  experience distributions (1), (2).

Input and output values in dark shaded  area represent nominal HCPS  and PCP computed with

experience curves (3)  and (4) representing HCPS experience data as shown in  Fig. 7.

Table SL-5 Percentage Change in Payroll With the Increment and Turnover :                                          

Single Stream Model:  Parameters Varied:  Number of Retirees (Nret),  Nf, t ,  r      

PCP (%)
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Nemp 2800 2900 2979 3000 3200 3300

N 46 46 46 46 46 46

Nret 85 85 85 85 85 85

Ndo 123 123 123 123 123 123

Dolev 6 6 6 6 6 6

Replev 1 1 1 1 1 1

CL 0 0 0 0 0 0

IG 1 1 1 1 1 1

Nf t r

(1) 48 0.22 1.6 -0.15 -0.08 -0.03 -0.02 0.10 0.15

(2) 48 0.35 0.41 -0.02 0.05 0.10 0.12 0.24 0.30

(3) 48 0.022 0.89 -0.06 0.01 0.07 0.08 0.20 0.26

(4) 48 Fig. 7 (4) 0 -0.14 -0.07 -0.02 0.00 0.12 0.17

48 0.15 0.75 -0.06 0.01 0.06 0.08 0.20 0.26

48 0.15 1 -0.08 -0.01 0.05 0.06 0.18 0.24

48 0.15 1.5 -0.10 -0.03 0.03 0.04 0.16 0.22

48 0.15 2 -0.11 -0.04 0.02 0.03 0.15 0.20

48 0.15 2.5 -0.11 -0.04 0.01 0.02 0.14 0.20

48 0.25 0.75 -0.10 -0.03 0.03 0.04 0.16 0.22

48 0.25 1 -0.14 -0.07 -0.02 -0.01 0.11 0.17

48 0.25 1.5 -0.19 -0.12 -0.07 -0.06 0.06 0.11

48 0.25 2 -0.22 -0.15 -0.10 -0.09 0.03 0.08

48 0.25 2.5 -0.24 -0.17 -0.12 -0.11 0.01 0.06

48 0.5 0.75 -0.36 -0.29 -0.24 -0.22 -0.11 -0.05

48 0.5 1 -0.43 -0.37 -0.32 -0.30 -0.19 -0.14

48 0.5 1.5 -0.53 -0.46 -0.41 -0.40 -0.29 -0.24

48 0.5 2 -0.59 -0.52 -0.47 -0.46 -0.35 -0.30

48 0.5 2.5 -0.63 -0.56 -0.51 -0.50 -0.39 -0.34

48 0.75 0.75 -0.57 -0.50 -0.45 -0.44 -0.33 -0.28

48 0.75 1 -0.63 -0.57 -0.52 -0.51 -0.40 -0.35

48 0.75 1.5 -0.72 -0.66 -0.61 -0.60 -0.49 -0.44

48 0.75 2 -0.78 -0.71 -0.67 -0.66 -0.55 -0.50

48 0.75 2.5 -0.82 -0.75 -0.71 -0.69 -0.59 -0.54

(1) Nf, t,  r represent  NationaL Education Data 1987-1988 [11], Figure 5

(2) Nf,  t,  r  represent National Education Data 2007-2008 [11], Figure 5

PCP values  in the  light shaded area represent the  national  experience distributions (1), (2).

Input and output values in dark shaded  area represent nominal HCPS  and PCP computed with

experience curves (3)  and (4) representing HCPS experience data as shown in  Fig. 7.

Table SL-6 Percentage Change in Payroll With the Increment and Turnover :                                  

Single Stream Model:  Parameters Varied Number of Teachers (Nemp),  Nf, t ,  r                                                  

PCP (%)
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Nemp 2979 2979 2979 2979 2979 2979

N 46 46 46 46 46 46

Nret 60 60 60 60 60 60

Ndo 60 60 60 60 60 60

Dolev 6 6 6 6 6 6

Replev 1 1 1 1 1 1

CL 0 0.01 0.02 0.03 0.04 0.05

IG 1 1 1 1 1 1

Nf t r

(1) 48 0.22 1.6 0.65 1.66 2.67 3.67 4.68 5.69

(2) 48 0.35 0.41 0.82 1.83 2.84 3.85 4.86 5.86

(3) 48 0.022 0.89 0.78 1.79 2.80 3.81 4.81 5.82

(4) 48 Fig. 7 (4) 0 0.68282 1.68965 2.69648 3.70331 4.71014 5.71697

48 0.15 0.75 0.78 1.79 2.80 3.80 4.81 5.82

48 0.15 1 0.75 1.76 2.77 3.78 4.78 5.79

48 0.15 1.5 0.72 1.73 2.74 3.75 4.75 5.76

48 0.15 2 0.71 1.72 2.72 3.73 4.74 5.74

48 0.15 2.5 0.70 1.71 2.71 3.72 4.73 5.73

48 0.25 0.75 0.73 1.74 2.75 3.75 4.76 5.77

48 0.25 1 0.67 1.68 2.69 3.69 4.70 5.71

48 0.25 1.5 0.61 1.62 2.62 3.63 4.63 5.64

48 0.25 2 0.57 1.58 2.59 3.59 4.60 5.60

48 0.25 2.5 0.55 1.56 2.56 3.57 4.57 5.58

48 0.5 0.75 0.44 1.44 2.45 3.45 4.46 5.46

48 0.5 1 0.35 1.35 2.36 3.36 4.36 5.37

48 0.5 1.5 0.24 1.24 2.24 3.24 4.25 5.25

48 0.5 2 0.17 1.17 2.17 3.18 4.18 5.18

48 0.5 2.5 0.13 1.13 2.13 3.13 4.13 5.13

48 0.75 0.75 0.20 1.20 2.20 3.20 4.21 5.21

48 0.75 1 0.12 1.12 2.12 3.12 4.13 5.13

48 0.75 1.5 0.02 1.02 2.02 3.02 4.02 5.02

48 0.75 2 -0.05 0.95 1.95 2.95 3.95 4.95

48 0.75 2.5 -0.09 0.91 1.91 2.91 3.91 4.91

(1) Nf, t,  r represent  NationaL Education Data 1987-1988 [11], Figure 5

(2) Nf,  t,  r  represent National Education Data 2007-2008 [11], Figure 5

PCP values  in the  light shaded area represent the  national  experience distributions (1), (2).

Input and output values in dark shaded  area represent nominal HCPS  and PCP computed with

experience curves (3)  and (4) representing HCPS experience data as shown in  Fig. 7.

Table SL-7  Percentage Change in Payroll With the Increment and Turnover :                                 

Single Stream Model:    Parameters Varied  Cost of Living COLA (CL),  Nf,  t ,  r

PCP (%)
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Nemp 2979 2979 2979 2979 2979 2979

N 46 46 46 46 46 46

Nret 0 0 0 0 0 0

Ndo 0 0 0 0 0 0

Dolev 6 6 6 6 6 6

Replev 1 1 1 1 1 1

CL 0 0 0 0 0 0

IG 1 1 1 1 1 1

Nf t r

(1) 48 0.22 1.6 1.87 1.87 1.87 1.87 1.87 1.87

(2) 48 0.35 0.41 2.11 2.11 2.11 2.11 2.11 2.11

(3) 48 0.022 0.89 2.06 2.06 2.06 2.06 2.06 2.06

(4) 48 Fig. 7 (4) 0 1.93 1.93 1.93 1.93 1.93 1.93

48 0.15 0.75 2.06 2.06 2.06 2.06 2.06 2.06

48 0.15 1 2.01 2.01 2.01 2.01 2.01 2.01

48 0.15 1.5 1.97 1.97 1.97 1.97 1.97 1.97

48 0.15 2 1.94 1.94 1.94 1.94 1.94 1.94

48 0.15 2.5 1.93 1.93 1.93 1.93 1.93 1.93

48 0.25 0.75 1.99 1.99 1.99 1.99 1.99 1.99

48 0.25 1 1.91 1.91 1.91 1.91 1.91 1.91

48 0.25 1.5 1.82 1.82 1.82 1.82 1.82 1.82

48 0.25 2 1.78 1.78 1.78 1.78 1.78 1.78

48 0.25 2.5 1.75 1.75 1.75 1.75 1.75 1.75

48 0.5 0.75 1.64 1.64 1.64 1.64 1.64 1.64

48 0.5 1 1.53 1.53 1.53 1.53 1.53 1.53

48 0.5 1.5 1.40 1.40 1.40 1.40 1.40 1.40

48 0.5 2 1.32 1.32 1.32 1.32 1.32 1.32

48 0.5 2.5 1.26 1.26 1.26 1.26 1.26 1.26

48 0.75 0.75 1.35 1.35 1.35 1.35 1.35 1.35

48 0.75 1 1.26 1.26 1.26 1.26 1.26 1.26

48 0.75 1.5 1.14 1.14 1.14 1.14 1.14 1.14

48 0.75 2 1.06 1.06 1.06 1.06 1.06 1.06

48 0.75 2.5 1.01 1.01 1.01 1.01 1.01 1.01

(1) Nf, t,  r represent  NationaL Education Data 1987-1988 [11], Figure 5

(2) Nf,  t,  r  represent National Education Data 2007-2008 [11], Figure 5

PCP values  in the  light shaded area represent the  national  experience distributions (1), (2).

Input and output values in dark shaded  area represent nominal HCPS  and PCP computed with

experience curves (3)  and (4) representing HCPS experience data as shown in  Fig. 7.

Table SL-8 Percentage Change in Payroll Increment Alone: PCILL: No retirees-No dropouts                         

Single Stream Model:  Parameters Varied:    Nf, t ,  r      

PCP (%)
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Appendix A- Salary, Experience and Turnover Data Tables  for HCPS 

This Appendix lists eight  Tables of data and brief analysis that pertain to the pay schedules, staff experience,  

and  staff turnover in terms of retirements and dropouts in the Harford County Public School  System.   

Description of how the data is used is contained in the text of the paper. Note that some tables use the 

convention that 1st year teachers have zero experience.  Other tables begin with the integer  1 as the first 

year in the pay Table.   All calculations made note of this and were done self consistently. 

                   Table A-1  Harford County Public Schools 

Salary Schedule for Certificated Teachers-Effective July 1,2012* 
[These six** Lanes are merged into the Hybrid Single Lane in Table A-2] 

Y
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Bachelor's 
Degree With 
Standard 
Professional 
Certificate 
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cr
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t 
P
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Bachelor's 
Degree With 
Advanced 
Professional 
Certificate 
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cr
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t 
P
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Master's 
Degree With 
Professional 
Certificate 

In
cr

em
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t 
P
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ce
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ge
 

Master's 
Degree Plus 
30 Hours 
With 
Professional 
Certificate 

In
cr

em
en

t 
P

er
ce

n
ta

ge
 

Provisional 
Certificate 

In
cr

em
en

t 
P

er
ce

n
ta

ge
 

1 41583   N/A   $44,114    $45,437    $41,583    

2 42829 3.00 N/A   $45,437  3.00 $46,799  3.00 $42,829  3.00 

3 $44,114  3.00 N/A   $46,799  3.00 $48,205  3.00 $44,114  3.00 

4 $45,437  3.00 $46,799    $48,205  3.00 $49,651  3.00 $35,007  -20.64 

5 $46,799  3.00 $48,205  3.00 $49,651  3.00 $51,139  3.00 $35,225  0.62 

6 $48,205  3.00 $49,652  3.00 $51,139  3.00 $52,950  3.00 $35,445  0.62 

7 $49,651  3.00 $51,139  3.00 $52,675  3.00 $55,485  3.00 $35,662  0.61 

8 $51,139  3.00 $52,675  3.00 $54,254  3.00 $57,596  3.00 $35,882  0.62 

9 $52,675  3.00 $54,254  3.00 $55,883  3.00 $59,714  3.00 $36,099  0.60 

10 $54,254  3.00 $55,883  3.00 $57,558  3.00 $61,826  3.00 $36,388  0.80 

11     $57,558  3.00 $59,286  3.00 $63,944  3.43 $36,764  1.03 

12     $59,286  3.00 $61,064  3.00 $66,062  3.31 $37,126  .98 

13     $61,064  3.00 $62,898  3.00 $68,176  3.20 $37,509  1.03 

14     $62,898  3.00 $64,781  3.00 $70,292  3.10 $37,877  .98 

15     $64,781  3.00 $66,726  3.00 $72,405  3.01 $38,242  
.96 

 

*Data from http://www.hcps.org/departments/docs/humanresources/HCEA_Negotiated_Agreement.pdf 
% Calculated by the author. 

Professional employees having earned a doctorate shall receive a salary differential Of $500 to be added to the appropriate 
step of the Master's Plus 30 salary schedule. 

Teachers who have completed 19, 24, 29, and 34 years of teaching experience shall receive $2000 longevity increments at 
each level. 

Teachers with Provisional Certificates and Master's Degrees are paid on the Provisional salary schedule plus $200 

Teachers who have achieved National Board Certification shall receive $2000 additional salary annually. 

Newly appointed teachers shall receive salary credit up to two (2) years of active service in the Armed Services. 
**Teachers with a Provisional Certificate and Master’s Degree are paid on the Provisional Salary Scale plus $200. (This is the 
6

th
 Lane)  

http://www.hcps.org/departments/docs/humanresources/HCEA_Negotiated_Agreement.pdf
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 Table A-2   

Single Stream Hybrid Salary Schedule for Parametric Analysis 

Merging Bachelor's Degree With Standard and Advanced Professional 
Certificates* 

Experience Yearly Salary  Experience Yearly Salary 

Year  y s(y)  Year  y s(y) 

1                      41,583   26                            68,782  

2                      42,830   27                            68,782  

3                      44,115   28                            68,782  

4                      45,439   29                            68,782  

5                      46,802   30                            70,782  

6                      48,206   31                            70,782  

7                      49,652   32                            70,782  

8                      51,142   33                            70,782  

9                      52,676   34                            70,782  

10                      54,256   35                            72,782  

11                      57,558   36                            72,782  

12                      59,285   37                            72,782  

13                      61,063   38                            72,782  

14                      62,895   39                            72,782  

15                      64,782   40                            72,782  

16                      64,782   41                            72,782  

17                      64,782   42                            72,782  

18                      64,782   43                            72,782  

19                      64,782   44                            72,782  

20                      66,782   45                            72,782  

21                      66,782   46                            72,782  

22                      66,782    47 72,782 

23                      66,782       48 72,782 

24                      66,782     

25                      68,782     

*Figures Differ slightly from  the  Basic Table due to roundoff. 
Salaries for the first ten years are from the Standard Professional and thereafter are 
from the Advanced Professional  
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Sched/Year 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

BAP 0 0 0 0 46799 46799 48205 48205 49652

BSP 41583 42829 42829 44114 44114 45437 45437 46799 46799 48205

DR 45937 47299 47299 48705 48705 50151 50151 51639 51639 53450

M30 45437 46799 46799 48205 48205 49651 49651 51139 51139 52950

MPC 44114 45437 45437 46799 46799 48205 48205 49651 49651 51139

PRO 41583 42829 42829 44114 44114 35007 35007 35225 35225 35445

ES(y) 42435 0 43792 0 45031 0 46629 0 48316 0

Sched/Year 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5

BAP 49652 51139 51139 52675 52675 54254 54254 55883 55883 57558

BSP 48205 49651 49651 51139 51139 52675 52675 54254 54254 54254

DR 53450 55985 55985 58096 58096 60214 60214 62326 62326 64444

M30 52950 55485 55485 57596 57596 59714 59714 61826 61826 63944

MPC 51139 52675 52675 54254 54254 55883 55883 57558 57558 59286

PRO 35445 35662 35662 35882 35882 36099 36099 36388 36388 36764

ES(y) 50030 0 52140 0 53889 0 55787 0 57526 0

Sched/Year 10 10.5 11 11.5 12 12.5 13 13.5 14 14.5

BAP 57558 59286 59286 61064 61064 62898 62898 64781 64781 64781

BSP 54254 54254 54254 54254 54254 54254 54254 54254 54254 54254

DR 64444 66562 66562 68676 68676 70792 70792 72905 72905 72905

M30 63944 66062 66062 68176 68176 70292 70292 72405 72405 72405

MPC 59286 61064 61064 62898 62898 64781 64781 66726 66726 66726

PRO 36764 37126 37126 37509 37509 37877 37877 38242 38242 38242

ES(y) 59504 0 61924 0 63519 0 66284 0 67690 0

Sched/Year 15 15.5 16 16.5 17 17.5 18 18.5 19 19.5

BAP 64781 64781 64781 64781 64781 64781 64781 66781 66781 66781

BSP 54254 54254 54254 54254 54254 54254 54254 56254 56254 56254

DR 72905 72905 72905 72905 72905 72905 72905 74905 74905 74905

M30 72405 72405 72405 72405 72405 72405 72405 74405 74405 74405

MPC 66726 66726 66726 66726 66726 66726 66726 68726 68726 68726

PRO 38242 38242 38242 38242 38242 38242 38242 40242 40242 40242

ES(y) 0 67690 0 67522 0 67778 68848 0 70324.2 0

Sched/Year 20 20.5 21 21.5 22 22.5 23 23.5 24 24.5

BAP 66781 66781 66781 66781 66781 66781 66781 68781 68781 68781

BSP 56254 56254 56254 56254 56254 56254 56254 58254 58254 58254

DR 74905 74905 74905 74905 74905 74905 74905 76905 76905 76905

M30 74405 74405 74405 74405 74405 74405 74405 76405 76405 76405

MPC 68726 68726 68726 68726 68726 68726 68726 70726 70726 70726

PRO 40242 40242 40242 40242 40242 40242 40242 42242 42242 42242

ES(y) 70214 0 71015 0 70320 0 70761 0 72697.1 0

Table A-3  HCPS Annual Salaries by Professional Certificate                                                                                      

Expanded to 48 Years Experience
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Sched/Year 25 25.5 26 26.5 27 27.5 28 28.5 29 29.5

BAP 68781 68781 68781 68781 68781 68781 68781 70781 70781 70781

BSP 58254 58254 58254 58254 58254 58254 58254 60254 60254 60254

DR 76905 76905 76905 76905 76905 76905 76905 78905 78905 78905

M30 76405 76405 76405 76405 76405 76405 76405 78405 78405 78405

MPC 70726 70726 70726 70726 70726 70726 70726 72726 72726 72726

PRO 42242 42242 42242 42242 42242 42242 42242 44242 44242 44242

ES(y) 0 72206 0 73219 0 72110 0 73801 0

Sched/Year 30 30.5 31 31.5 32 32.5 33 33.5 34 34.5

BAP 70781 70781 70781 70781 70781 70781 70781 72781 72781 72781

BSP 60254 60254 60254 60254 60254 60254 60254 62254 62254 62254

DR 78905 78905 78905 78905 78905 78905 78905 80905 80905 80905

M30 78405 78405 78405 78405 78405 78405 78405 80405 80405 80405

MPC 72726 72726 72726 72726 72726 72726 72726 74726 74726 74726

PRO 44242 44242 44242 44242 44242 44242 44242 46242 46242 46242

ES(y) 74230 0 74133 0 75881 0 73728 0 77293.2 0

Sched/Year 35 35.5 36 36.5 37 37.5 38 38.5 39 39.5

BAP 72781 72781 72781 72781 72781 72781 72781 72781 72781 72781

BSP 62254 62254 62254 62254 62254 62254 62254 62254 62254 62254

DR 80905 80905 80905 80905 80905 80905 80905 80905 80905 80905

M30 80405 80405 80405 80405 80405 80405 80405 80405 80405 80405

MPC 74726 74726 74726 74726 74726 74726 74726 74726 74726 74726

PRO 46242 46242 46242 46242 46242 46242 46242 46242 46242 46242

ES(y) 76613 0 75173 0 77143.2 0 77804 0 74703.7 0

Sched/Year 40 40.5 41 41.5 42 42.5 43 43.5 44 44.5

BAP 72781 72781 72781 72781 72781 72781 72781 72781 72781 72781

BSP 62254 62254 62254 62254 62254 62254 62254 62254 62254 62254

DR 80905 80905 80905 80905 80905 80905 80905 80905 80905 80905

M30 80405 80405 80405 80405 80405 80405 80405 80405 80405 80405

MPC 74726 74726 74726 74726 74726 74726 74726 74726 74726 74726

PRO 46242 46242 46242 46242 46242 46242 46242 46242 46242 46242

ES(y) 75971 0 74726 0 72781 0 77864 0 80405 0

Sched/Year 45 45.5 46 46.5 47 47.5 48

BAP 72781 72781 72781 72781 72781 72781 72781

BSP 62254 62254 62254 62254 62254 62254 62254

DR 80905 80905 80905 80905 80905 80905 80905

M30 80405 80405 80405 80405 80405 80405 80405

MPC 74726 74726 74726 74726 74726 74726 74726

PRO 46242 46242 46242 46242 46242 46242 46242

ES(y) 77566 0 77566 0 77566 0 77566

Table A-3  (Continuation) HCPS Annual Salaries by Professional Certificate                                                                         

Expanded to 48 Years Experience
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Schd/Exp 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7

BAP 1 1 5 4 6 9.8

BSP 144.8 83.8 2 74 1 70 32.5 57 29 25

DR 3

M30 13 5.5 4 8 3 5 10 11

MPC 45 39 31 37.5 31 82 83.6 2 109.1
PRO 2

Sub Tot 207.8 128.3 2 110 1 116.5 71.5 148 128.6 2 154.9

Schd/Exp 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13 13.5 14 14.5

BAP 8 2 10 8 2 11 1 11 2 11 20 3

BSP 2 14 2 4 1 10 1 2 1 0.5

DR 1 2 1

M30 11 1 9 22 23.5 18 3 28.3 3 25 2

MPC 6.6 85.5 9.5 74 11 54.1 9 70.4 7 61.6 12 50.7 17 55 11

PRO 1 1

Sub Tot 8.6 120 14.5 100 12 96.1 11 106 8 92.6 18 90 20 101 16

Schd/Exp 15 15.5 16 16.5 17 17.5 18 18.5 19 19.5 20 20.5 21 21.5 22

BAP 13 5 13 9 1 11 9 10.4 7 4

BSP 2 1 1 1 1

DR 2

M30 23.5 5 20.6 2 23.4 3 43 2 22.5 1 18 6 29 1 15.1

MPC 66.1 6 50.5 8 43 5 51 8 37.5 6 26.7 2 30 21

PRO

Sub Tot 104.6 16 87.1 11 76.4 9 105 10 69 7 55.1 8 66 1 41.1

Schd/Exp 22.5 23 23.5 24 24.5 25 25.5 26 26.5 27 27.5 28 28.5 29 29.5

BAP 1 7 1 3 15 3 9.6 2 1 1 3 5 6 3

BSP

DR 1 1

M30 3 16 13.8 15 6 11 1 10 5 6 1 6 3

MPC 5 17 3 20 5 13.8 3 9 2 11 1 11.4 2 13.6 1

PRO

Sub Tot 9 41 4 36.8 5 43.8 12 29.6 5 22 7 20.4 8 26.6 7

Schd/Exp 30 30.5 31 31.5 32.0 32.5 33.0 33.5 34.0 34.5 35.0 35.5 36.0 36.5 37.0

BAP 3 1 3 1.0 1.0 6.0 3.0 1.0 3.0 4.0 1.0 1.0
BSP 1

DR 1.0 1.0

M30 5 2 4 2.6 5.0 1.0 4.6 6.0 1.0 3.0 2.0 2.0 3.0

MPC 7 1 5 2.8 4.0 3.0 9.0 2.0 4.0 1.0 2.0 3.8
PRO

Sub Tot 15 5 12 6.4 9.0 5.0 20.6 11.0 1.0 8.0 4.0 8.0 3.0 8.8

Schd/Exp 37.5 38.0 38.5 39.0 39.5 40.0 40.5 41.0 41.5 42.0 42.5 43.0 43.5 44.0 44.5

BAP 1.0 3.0 3.0 1.0 1.0 1.0

BSP

DR 1.0

M30 2.8 4.6 1.0 1.0 1.0 2.0 1.0

MPC 2.0 3.0 1.0 3.0 1.0
PRO

Sub Tot 5.8 8.6 1.0 7.0 3.0 3.0 1.0 1.0 3.0 1.0

Schd/Exp 45.0 45.5 46.0 Total

BAP 296.8

BSP 563.6

DR 14

M30 571.8

MPC 1.0 1529

PRO 4

Sub Tot 1.0 2979

Table A-4 No. of HCPS Teachers by  Experience and   Schedule 11/4/13
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Table  A-5: HCPS  Appointments, Separations and Retirees                      
2010-11, 2011-12, 2012-13. HCPS Monthly Reports on Personnel [13] 

2010-2011 
Date of Report Appointments Separations 

Weighted 
Separations Retirements 

Weighted 
Retirements 

9-Aug-10 0 17 17 1 1 

13-Sep-10 172 27 27 4 4 

11-Oct-10 11 2 1.8 1 0.9 

8-Nov-10 1 1 0.8 3 2.4 

13-Dec-10 2 1 0.7 0 0 

10-Jan-11 13 5 3 6 3.6 

14-Feb-11 3 2 1 3 1.5 

14-Mar-11 1 3 1.2 1 0.4 

26-Apr-11 0 4 1.2 2 0.6 

23-May-11 0 2 0.4 3 0.6 

13-Jun-11 0 2 0.2 1 0.1 

11-Jul-11 0 61 61 60 60 

2010-2011  
Totals 203 127 115.3 85 75.1 

2011-2012  
Date Report Appointments Separations 

Weighted 
Separations Retirements 

Weighted 
Retirements 

8-Aug-11 0 17 17 15 15 

26-Sep-11 147 19 19 8 8 

24-Oct-11 7 9 8.1 3 2.7 

21-Nov-11 2 3 2.4 2 1.6 

19-Dec-11 2 4 2.8 3 2.1 

23-Jan-12 2 2 1.2 5 3 

27-Feb-12 7 0 0 0 0 

26-Mar-12 1 1 0.4 2 0.8 

30-Apr-12 0 2 0.6 1 0.3 

21-May-12 0 2 0.4 1 0.2 

25-Jun-12 0 0 0 0 0 

9-Jul-12 0 69 69 71 71 

2011-2012 
Totals 168 128 120.9 111 104.7 
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Table  A-5: (Continued) HCPS  Appointments, Separations and Retirees   
2010-11, 2011-12, 2012-13. HCPS Monthly Reports on Personnel [13] 

2012-2013 
Date of Report 

Appointments Separations Weighted 
Separations 

Retirements Weighted 
Retirements 

13-Aug-12 0 43 43 6 6 

24-Sep-12 182 10 10 5 5 

22-Oct-12 5 6 5.4 2 1.8 

19-Nov-12 5 5 4 2 1.6 

17-Dec-12 11 4 2.8 0 0 

28-Jan-13 1 4 2.4 7 4.2 

25-Feb-13 13 6 3 4 2 

25-Mar-13 7 7 2.8 3 1.2 

22-Apr-13 3 3 0.9 1 0.3 

28-May-13 0 1 0.2 0 0 

24-Jun-13 0 0 0 0 0 

29-Jul-13 0 88 88 52 52 

2012-2013  
 Totals 

227 177 162.5 82 74.1 

 

Analysis of the Three Year Data 

  Appointments Separations 
(Dropouts) 

Weighted* 
Separations 

Retirements Weighted*  
Retirements 

3 Year Totals 598 432 398.7 278 253.9 

3 Year 
Average 

199 144 133 93 85 

 

Effective Number of Dropouts and Retirees that are Removed and Replaced from 
the Budget in a Single Projected Year 

3 Year Staff Changes = Appointments 
 - Separations  - Retirees   [598-432-278] 

-112  
 3 year drop in staff  

Of the 432 Separations , the fraction (432-112)/432 were 
replaced  

 0.741 fraction 
replaced 

Yearly Average Number of Weighted Retiree Salaries 
Replaced  

85  

Average No. of Weighted Dropout Salaries  Replaced  133* .741 98  

Note:  Number of Dropouts should probably be increased by 15 t0 25 for Leaves of Absence 
(LOA) for the fraction of the LOA who apparently (according to the Monthly Reports ) don't 
return.  Relatedly,  to match the 208 staffers in the first year of employment in 2013-2014,  
Ndo should have a value of 123 (123+85 =208). See Table A-4. 
*Separations and Retirements are weighted by the actual number of months during the 
school year for those separations and retirements that occurred during the school year.  For 
example a retirement or dropout leaving in Oct. was weighted at .9, someone leaving in 
November was weighted at .8 etc.  
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Accounting for Retirees -Specification of RT(y) 
Data on retirement patterns  and history is available for the Harford County Public School  system in the  

series of Monthly Personnel Reports [35]  from which the data for Table A-5 above was obtained.   That 

data has been used to construct a typical retirement history in order to determine the quantity A2r in 

Equation (12). That data lists all retirees  in a given monthly period and the number of creditable years 

of experience. From those lists, for the three school years 2010- 2011, 2011-2012 and 2012-2013, the 

number of retirees has been ‘binned” for each experience level y and the three  year average for each 

bin has been used to construct the array RT(y), y = 1 to N.  That array is listed in Table  A-6 below: 

 

Table A-6  Array Values for RT(y).  HCPS Retirement History in 2010-11, 2011-12 and 2012-13 
Data represents an average for the three school years 

y RT(y) y RT(y) Y RT(y) Y RT(y)  

1 0 14 2.333333 27 3 40 3.666667  

2 0 15 3.333333 28 3 41 3  

3 0 16 1.333333 29 3.333333 42 1.666667  

4 0.666667 17 1 30 1.666667 43 1  

5 0   18 2.666667 31 2.666667 44 0  

6 0 19 3.333333 32 3.333333 45 0.333333  

7 
0 

20 
2.666667 

33 
6 

46* 0.666667 
 

 

8 1 21 3 34 2.333333 3 Year Average  
No. of Retirees = 93 9 0 22 2.666667 35 3.666667 

10 0.666667 23 1 36 5 3 Year Average No. of 
Weighted Retirees = 85 11 1.333333 24 3.666667 37 3 

12 0.333333 25 2.666667 38 4.666667    

13 0 26 3.666667 39 3.333333    

y is the number of years of experience at retirement and RT(y) is the average number of retirees retiring 
with y years of experience during the three calendar years. The data indicates Harford County experience 
plus experience gained in other school systems.   The HCPS provides credit up to 8 years for non County 
experience. Where such non County experience was indicated the data was adjusted to reflect this policy 
and the above numbers include this adjustment.  
* One retiree with 48 years of experience was “binned in 46”.  This has no effect on the calculations since 
all salaries s(y) for y > 35 are equal to s(35).  The data represented herein is for Certificated staff alone. 
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Estimating the Actual Number of Retirees (Nret) and Dropouts (Ndo) , the 

Distribution of Retirees by Years Experience RT(y) and  the Dropout Level (Dolev) 

The data in Tables A5, A6 and A-7 were obtained after provision of the complete set of  HCPS Monthly 

Personnel Reports through the auspices of Mr. Ryan Burbey, President of the Harford County Education 

Association.  Based on the analysis  at the end of Table A-5 (Continued) the nominal number of yearly 

retirees, Nret  was set at 85 and the nominal number of annual dropouts (Ndo) was set at 123. The data  in 

Table A-6  was used to represent the distribution of retirees by years of experience RT(y).  The total number 

of retirees represented in Table A-5 is 85. Accordingly the quantity Nretref in Equations (12) and (21)  is set 

at 85 and Nret in Equation (11) and (20) is set at 85.  The average dropout level (Dolev) was set at 6 years 

based on the data in Table A-7.  

Approx Approx

Date of Report Years Exp Increment Date of ReportYears Exp Increment

12/9/2013 15.2 10 2/24/2014 4.4 5

" 0 1 " 6.4 7

" 14.2 10 " 6.4 7

" 0.2 1 " 11.4 10

" 4.2 5 " 0.4 1

" 9.2 10 " 3 4

12/16/2013 2.3 3 " 15.4 10

" 4.3 5 " 8.4 9

" 1.3 2 " 7.1 8

" 0.3 1 " 1.4 2

" 12.3 10 " 13.4 10

1/27/2014 12.3 10 " 2.4 3

" 2.3 3

" 1.9 2 No. of Dropouts 29

" 6.3 7 Total Steps 171

" 8.3 9 Avg. Dolev 6

" 5.8 6

* Amongst the multiple years of Montly reports the above data is the only data 

which contains years of service for Separations(Dropouts).

                Table A-7: HCPS Data on Length of Service at 

Separation*
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y ES(y) y Es(y) y ES(y) y ES(y)

1 42435 13 63519 25 72697 37 75173

2 43792 14 66284 26 72005 38 77143

3 45044 15 67690 27 72206 39 77804

4 46629 16 67522 28 73219 40 74704

5 48316 17 67778 29 72110 41 75971

6 50030 18 68073 30 73801 42 74726

7 52140 19 68848 31 74230 43 72781

8 53889 20 70324 32 74133 44 77864

9 55787 21 70214 33 75881 45 80405

10 57526 22 71015 34 73728 46 77566*

11 59504 23 70320 35 77293 47 77566*

12 61924 24 70761 36 76613 48 77566*

Table A-8  ES(y) - Weighted Salaries by Number of Staff in Each 

Experience Year y:  HCPS Nov. 2013 [See Equation (23). ] 

*There were no staff members in y=46 and 48.   Average of two dominant streams 

(M30 and MPC) was used.  

  



76 
 

  Appendix B 

Two Analogies to Help Overcome the Logical Mind Trap on ILL  “New Money” Costs 

and the Needed  added “Fixed Charges” Arising from ILL Costs 

An  interpretation of the rationale for withholding ILL progressive pay adjustments has been attributed in 

this paper to officials having a “Logical Mind Trap (LMT)” regarding “new money” costs.  The alleged new 

money costs are funds  that are alleged to be needed to add  to a prospective year budget in excess of the 

reference year budget to pay for increments, longevity and lane changes (ILL) . The LMT was ascribed to  

officials, analysts and pundits due to tracking the pay of “individuals” rather than “positions” in the subject 

workforce.  The paper shows how several high level studies in New York and Boston suggested exorbitant 

new money costs arising from ILL in the New York and Boston school systems. Those studies tracked the pay 

of individuals and in effect reinforce the concept of ILL leading to new money costs of such an extent that 

the salary structure needs major corrections.  This paper has observed that typical ILL single salary schedules  

may involve nominal 3% yearly adjustments for a number of years followed by longevity payments that may 

be granted in intervals such as every five years or so after  increments are phased out. The single salary 

schedules also involve “lane” changes that are associated with advanced levels of certification, for example, 

masters degrees  or numbers of credit hours in approved college curriculums.  In practice  one finds that 

decisions to withhold the ILL payments  frequently arise from officials claiming that  (for the same number of 

staff)  the salary payroll must be increased by 3% (in the example cited above) or more from the prior year 

payroll.  Some officials lately have modified the estimate to allow for the “gaps” in the career years when no 

ILL payments are in the schedule. In such instances  the typical  3% estimate gets reduced to nominally  1.7% 

to 1.9 % .  The paper has shown that for a large work force, in quasi steady state, neither of these two “rules 

of thumb” are appropriate and that the ILL costs are negligible, sometimes negative, depending on the 

experience distribution  of staff and the retirement and dropout  statistics.  The paper shows that nominal 

percentage change in payroll (PCP) , when ILL is provided) is generally bounded in the interval  

(-.5% <=  PCP <= .5%).  

This Appendix provides  two analogies  that exhibit the essential features  of how tracking positions  leads to 

the understanding of the difference in cost estimates  between tracking individuals versus tracking positions.   

The analogies show how tracking  individuals leads to the “rule of thumb” as descried whereas tracking  

positions leads to no new money needed. 

Multi Lane Example Using Dollar Figures 

  Table B-1 is the single salary schedule for the current  Maryland Harford County Public School (HCPS) 

system. The bolded and shaded overlay numbers in the table  represent what could be a real life example of 

the career path of a teacher progressing through the schedule through gaining years of experience and 

increasing levels of certification until retiring after 36 years.  The numbers in the schedule represent 

“current” salary levels and not the salary levels that would have been encountered during the path.  What 

the table does provide is the means to compute the individual components of the path’s ILL cost in a current 

year exercise.  The  individual is assumed to be retiring after year 36 with a salary in the last year of 

employment of $80,905. Whether there are currently staff members in each cell along the path is  not    
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1 $41,583 N/A $44,114 $45,437 $45,937 1 $41,583

2 $42,829 N/A $45,437 $46,799 $47,299 2 $42,829 $1,246

3 $44,114 N/A $46,799 $48,205 $48,705 3 $44,114 $1,285

4 $45,437 $46,799 $48,205 $49,651 $50,151 4 $45,437 $1,323

5 $46,799 $48,205 $49,651 $51,139 $51,639 5 $46,799 $1,362

6 $48,205 $49,651 $51,139 $52,950 $53,450 6 $49,651 $2,852

7 $49,651 $51,139 $52,675 $55,485 $55,985 7 $51,139 $1,488

8 $51,139 $52,675 $54,254 $57,596 $58,096 8 $52,675 $1,536

9 $52,675 $54,254 $55,883 $59,714 $60,214 9 $54,254 $1,579

10 $54,254 $55,883 $57,558 $61,826 $62,326 10 $55,883 $1,629

11 $54,254 $57,558 $59,286 $63,944 $64,444 11 $59,286 $3,403

12 $54,254 $59,286 $61,064 $66,062 $66,562 12 $61,064 $1,778

13 $54,254 $61,064 $62,898 $68,176 $68,676 13 $62,898 $1,834

14 $54,254 $62,898 $64,781 $70,292 $70,792 14 $64,781 $1,883

15 $54,254 $64,781 $66,726 $72,405 $72,905 15 $66,726 $1,945

16 $54,254 $64,781 $66,726 $72,405 $72,905 16 $72,405 $5,679

17 $54,254 $64,781 $66,726 $72,405 $72,905 17 $72,405 $0

18 $54,254 $64,781 $66,726 $72,405 $72,905 18 $72,405 $0

19 $54,254 $64,781 $66,726 $72,405 $72,905 19 $72,405 $0

20 $56,254 $66,781 $64,726 $74,405 $74,905 20 $74,405 $2,000

21 $56,254 $66,781 $68,726 $74,405 $74,905 21 $74,905 $500

22 $56,254 $66,781 $68,726 $74,405 $74,905 22 $74,905 $0

23 $56,254 $66,781 $68,726 $74,405 $74,905 23 $74,905 $0

24 $56,254 $66,781 $68,726 $74,405 $74,905 24 $74,905 $0

25 $58,254 $68,781 $70,726 $76,405 $76,905 25 $76,905 $2,000

26 $58,254 $68,781 $70,726 $76,405 $76,905 26 $76,905 $0

27 $58,254 $68,781 $70,726 $76,405 $76,905 27 $76,905 $0

28 $58,254 $68,781 $70,726 $76,405 $76,905 28 $76,905 $0

29 $58,254 $68,781 $70,726 $76,405 $76,905 29 $76,905 $0

30 $60,254 $70,781 $72,726 $78,405 $78,905 30 $78,905 $2,000

31 $60,254 $70,781 $72,726 $78,405 $78,905 31 $78,905 $0

32 $60,254 $70,781 $72,726 $78,405 $78,905 32 $78,905 $0

33 $60,254 $70,781 $72,726 $78,405 $78,905 33 $78,905 $0

34 $60,254 $70,781 $72,726 $78,405 $78,905 34 $78,905 $0

35 $62,254 $72,781 $74,726 $80,405 $80,905 35 $80,905 $2,000

36 $62,254 $72,781 $74,726 $80,405 $80,905 36 $80,905 $0

     ILL  Sum $39,322

[Salary at Year 36 - Replacement Salary Year 1]= [ $80,905-$41,583]  = $39,322                                                     

* This schedule is that for HCPS  listed in Appendix A,  Table A-1 extended to 36 years

 Table B-1 Typical Single Salary Pay Schedule  for Teachers*
Example of How  replacing a retiring teachers salary with a new hire salary 

compensates for  the sum of a career trail (35 years) of increments,longevity pay 

and lane changes (ILL)

 



78 
 

important because what matters in this example is the offsetting dollar values that are represented along 

the path.   The current pay, along the described path is reproduced in column  I of Table B-1.  The 

increments, longevity payments and lane change payments  ( the ILL components for the current salary 

schedule along the path ) are thus derivable by differencing the entries in column I and are listed in column 

J.  As shown the sum over the 36 year span equals $39,322. 

The analogy assumes that the individual retires after 36 years and is replaced by a new hire who starts their 

career in the same cell on the schedule at which the retiree started his/her career. In this example this is a 

salary of $41,583 for someone with a bachelor’s degree  with standard professional certificate. The salary 

difference between the retiree’s last salary and the new hire salary is $39,322 ($80,905 - $41,583). 

In tracking individuals the  percentage change due to  incremental increases  along this path would equal  

$39,322 or 1.6%   This is what the author describes as the “modified rule of thumb” in that it accounts for 

the “gaps” during which no ILL increments were provided.  See the gaps, e.g., in column J.  Under this rule of 

thumb the new money costs that would allegedly be needed would be 1.6% of the prior year payroll  

In tracking positions using the nomenclature of the paper the ILL ( change in dollars due to the increment, 

longevity and lane change)  is equal to $39,322. The quantity Pto  (change in dollars due to turnover)  would 

equal the difference in the two salaries  $39,322 ($80,905 - $41,583). The percentage change in payroll PCP  

is thus  PCILL – PCTO =  0. 

The retirement of this individual and replacement with a new hire thus leads to a budgetary  shift in 

positions such that when analyzing positions and cost of each position, an offset occurs  which equals the 

sum of all the ILL increments, longevity pay and lane change costs (in current dollars) in the path described. 

The offsetting effect is independent of the actual path chosen in this analogy.  Any path, beginning 

anywhere, and ending anywhere (while producing different pairs of  sums)  would nevertheless produce 

equal sums of offsetting values as in this example.   

What happens in practice in a given year is a dynamic that is the sum of many such scenarios, individuals 

retiring at high salaries, replaced by new hires at lower salary with the aggregate staff all progressing 

through the ILL schedule.  The aggregation of these actions requires a calculation and model as done in this 

paper to account for the aggregate effect. The analogy,however, shows why the results of such an 

aggregation leads to the prediction of little or no new money needed to fund an ILL system  

  

A Single Lane Analogy Using Algebra  

A progressive pay system is depicted in Table B-2 below. The model to be examined differs from the most 

general situation in that it  considers only one staff person in each year y  (from y=1 to n) and that the 

increment is granted  from year 2  to n years-unlike most systems where the geometrical  increment ends 

after 10 or 15  years and an arithmetic increment of (e.g.$2000)  is provided at intervals (e.g. every five 

years).     It is analogous to the “single Lane” model  (one of two models developed in the paper) in that it 

considers only one level of expertise, certification or grade.  While different, as described, its dominant 
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features of pay progression and turnover are identical in the major characteristic associated with the 

increment, and accordingly  provides insight not otherwise easily attainable.  Otherwise this analogy is 

identical to the one above except that the career path proceeds in only one lane  with yearly increments 

throughout the career as opposed to  yearly increments followed by periodic longevity increases. 

Table B-2 Progressive  Pay Table by Year (Reference Year) Total Payroll = P1 

Year 1 2 3 …… n-1 n 

Pay a a(1+x) a(1+x)2 ….. a(1+x)n-2 a(1+x)n-1 

 

This pay table represents the fact that a beginning staffer, in many certificated and non- certificated 

positions has a first year salary, a,  and each year his/her salary progresses by a geometrical progression 

denoted by the multiplier (1+x).  This progression is the most essential feature in most single salary 

schedules. 

 This analogy or example begins by determining the total payroll cost P1 for the n employees in a reference 

year which is the sum of all terms in Table B-2.  The quantity P1 is the sum of a geometrical progression 

whose sum is given by 

(B-1)        P1 = a [(1+x)n– 1]/x         [Note: This is  a standard formula  listed in most algebra text books.] 

The second phase of the example computes the total payroll cost P2i under the assumption that all 

employees remain (no turnover) and all receive the increment. The staffer in year 1 has moved to year 2, 2  

to 3  etc. and n to (n+1).  This is shown as Table B-3 below. 

 

Table B-3 Progressive  Pay Table by Year (Projected Year ) ( Increment Alone) No Retirees or Dropouts-
Everyone Gains a Step in Pay- Total Payroll = P2i 

Year 1 to 2 2 to 3 3 to 4 …… (n-1)   to  n n to  (n+1) 

Pay a(1+x) a(1+x)2 a(1+x)3  a(1+x)n-1 a(1+x)n 

The cost P2i for all n employees is now given by  

(B-2)  P2i = a(1+x) [(1+x)n– 1]/x   

found by again using the standard sum provided by algebra. This is the formula that leads to what the 

author has called “the rule of thumb” which historically,  as noted in the paper,  has been  extensively used 

by Harford County officials in describing projected payroll increases. By comparing P2i to P2 one sees that 

P2i is larger than P1  by the factor (1+x). If the increment is 3% then x = .03 and the payroll has increased by 

the factor 1.03 or 3%.  

However a progressive system such as HCPS has another feature that is most important, i.e. the role of 

“turnover”.  To represent turnover one  assumes that the most experienced employee with salary in  Table 

B-3,  given by the quantity [ a(1+x)n retires,  and leaves the system and is replaced by a new beginning 

employee. This is done  by creating Table B-4 from Table B-3 by  dropping the employee in year (n+1) and 

his/her salary [a(1+x)n]  and adding  a new employee with replacement  salary “a”  in year 1.   
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Table B-4 Progressive  Pay Table by Year (Projected Year) [Increment With Turnover] Total Payroll P2 

Year 1 to 2 2 to 3 3 to 4 …… (n – 1) to n New employee 

Year 1 

Pay a(1+x) a(1+x)2 a(1+x)3 ……… a(1+x)n-1 a 

 

The adjustment (quantity to be subtracted) for turnover is thus 

(B-3) Pto  =  a(1+x)n -  a   =   a [ (1+x)n - 1]  

The change in payroll, CP, (projected year  minus reference year)  is P2 –P1  and P2 is  computed from the 

Payroll computed from Increment Alone (P2i)  – Turnover(Pto).  P2 is given by 

(B-4) P2= P2i – Pto = a(1+x) [(1+x)n -1]/x  -  a[ (1+x)n   -1 ] 

The total change in payroll CP is then given by 

(B-5) CP = P2 – P1 = a(1+x) [(1+x)n-1]/x  -a[(1+x)n -1] - a [(1+x)n – 1]/x   

  = a [(1+x)n -1] [ (1 + x)/x  - 1 – 1/x]    = a [(1+x)n -1] [ 1/x + 1 – 1 -1/x]  =  0 

The fact that the payroll change  CP equals zero could also be verified by simply comparing Table B-4 with   

Table B-2 and observing the term by term agreement when allowing for the re-positioning of terms. The 

conclusion drawn from this is that a retiree who has a salary that has risen by (n-1) increments,  in 

retirement, vacates a salary level (when allowing for a new hire replacement) that offsets or negates the 

cost increase resulting from the  one time increment provided to (n-1) employees  in experience years  y 

=2,3,…n.   For many, this is a non- intuitive result, which absent the insight so provided, clouds the ability to 

understand the proper budgeting for the experience increment and issues  associated with “ new money”.  

These two examples were designed to help overcome the LMT described at the outset of this Appendix.   

Proper Accounting for Employer Contribution for  Social Security, Medicare and 

Pension [ The 20 % Burden Compounding With the ILL] 

The paper, in Section 9., indicated how HCPS, after computing the ILL costs with the modified rule of thumb 

adds a 20% burden to the estimate to account for the employers portion of social security, medicare and 

pension system contributions.  When a COLA is granted this is appropriate in that a 1% across the board pay 

increase leads to a 1.2% increase to the employer, HCPS.   It will be shown herein that adding the 20% 

burden to the HCPS estimate of the PCILL is inappropriate.  This can be shown as follows 

The burden is defined to be the increased cost to the employer due to the items HCPS defines as “fixed 

charges” which include social security, medicare and contributions to the pension fund.   The total burdened 

cost to the employer in the reference year is represented by the quantity C1 and in the projected year as C2, 



81 
 

Previously P1 was defined as the unburdened  payroll cost in the reference year and P2 the unburdened 

payroll in the projectd year. The burdened cost to the employer is a fixed fraction multiplier (represented by 

the quantity b) on the total payroll. In the reference year C1 is thus given by 

 (B-6) C1 = P1 (1 +b)   . 

In  the projected year  C2 is given by  

(B-7) C2 = P2 (1 + b)   

where HCPS sets the quantity b as .2.   It is clear that the employer must adjust his income to match not only 

his increased expense on payroll but also the burdened expense to match any change in the payroll. 

Accordingly the employers total burdened change in  expense (projected year over reference year is: 

(B-8) Employers change in Expenses = C2 – C1 = P2((1+b) –P1 (1 +b) = (P2- P1) +(P2-P1) b 

As shown herein however  the quantity 100 *(P2 – P1)/P1 is equal to PCP, the percentage change in payroll 

considering both the ILL system and turnover and is generally quite small and not at the level computed by 

the modified rule of thumb. Accordingly the added amount needed to be budgeted  (from the burden) to 

account for any change in payroll due to the ILL system is the quantity b(P2-P1) = b(PCILL – PCTO).    As 

shown in the paper, for current conditions in the HCPS this is a negative quantity meaning the HCPS gains a 

budget reduction (in fixed charges) from prior year when comparing the prior year burden cost to the 

projected year burdened cost. 
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Appendix C 

The Problem Caused by Using the Increment as a Substitute COLA19 

In this paper it has been shown that a typical annual 3% increment leads to a percentage change in payroll 

costs   bounded by + or - .5% of previous year payroll when the number of FTE’s remains the same.   The 

example described herein, in conjunction with the illustrations in the paper, illustrates the following  

concept: 

The use of the increment system as a substitute for a Cost of Living Adjustment (COLA) cannot work 

over a prolonged period of time. 

This is illustrated by the following example.  Consider the case of a construction company hiring college 

students during the summer to work as journeyman laborers. The company institutes a policy of hiring only 

entering freshman, then rehiring entering  sophomores,  juniors and seniors who have worked previous 

summers. After four summers the students are no longer hired.   The wage scale is as follows: 

 

  

 

 

Observe that the pay scale yields an 8% annual  “raise” for experience.  Such an employer might claim or 

observe that no annual inflation adjustment is needed since his employees are getting an 8% adjustment 

each year due to the experience increment.  He has created a magical way of countering inflation by a 

system that yields no increased cost to himself. He can arrange matters so that he has the same number of 

student rehires in each of the four pay levels and his costs remain at $22.53 per hour times the number of 

students  per group.  

What such an employer would find is that if $5 per hour were a reasonable prevailing wage at a given 

starting point, then after a number of years he would have difficulty hiring new students despite his seeming 

generosity with respect to inflation adjustments.  The problem with such a system is that the starting salary 

is never increased.  After a number of years not only the starting salary but eventually all levels of salary 

would be below the minimum wage-assuming that the minimum wage is periodically adjusted for inflation20. 

Any attempt to use a “mixed” system of partially offsetting  inflation by use of the increment leads to the 

same result.  The simple fact is that to maintain long term balance the “entry” level wage must keep up with 

inflation. The experience increments are needed to avoid “Pay Compression” and maintain competitive 

salaries for the groups involved.  There are no cost free short cuts. Organizations or officials who create or 

                                                           
19

 This Appendix is a modification of a Comment added to the author’s 1979 informal paper circulated to Harford 
County officials. 
20

 This was first written at a time when periodic adjustment of the minimum wage was not nearly as contentious as 
now.  

Freshmen 

$5 per Hour 

Sophomores 

$5.40 Per Hour 

Juniors $5.83 

 Per Hour 

 

Seniors $6.30 

Per Hour 
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pursue such policies leave a legacy conundrum for others  to fix a t a later time.  Failure to understand the 

mathematics of the cost of the increment system can and has lead to the “politicalization” of the issue. 

There is no doubt that this has happened in Harford County.  It is my hope that this paper can be an opening 

wedge to solving this problem in a more rational process.    

 

Appendix D 

Auxiliary Mathematics of the Modeling 

Specifying the Mathematical Expression for m(y) and n(y) 

The function m(y) is represented by two segmented functions  that connect at the value y = (N-1)t as   

shown in Figure D-1 below.  
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The straight line, Segment 1, and parabola, segment 2,   will be forced to have the following properties 

through definition of the constants a1, b1 and b2, b2, b3 where q = Nf t.  

Segment 1 

m(y) = a1 +b1 y  

m(1) =1 
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m(q) = r 

Segment 2 

m = a2 + b2 y +c2 y2 

m(q) =r 

m(Nf) = 0 

dm/dy = 0 for y = Nf  (The slope is zero reflecting a greatly diminishing  number of staff at y = 0.This is 

effected by  setting Nf slightly larger than N and forcing both the slope and the value of m to be o at y = Nf.  

The two segments are forced to join  at y=q.) 

It can be shown that to meet these conditions the coefficients defining the two segments must have the 

following values: 

 

Segment 1 

b1= (r – 1)/(q - 1 

a1 = 1 – b1  

 

and  

 

Segment 2 

b2= – r/[(Nf – q) +(q2-Nf2)]/(2xNf)) 

c2= -b2/(2x Nf) 

a2= r - b2xq-c2xq2 

 

The parametric representations  of m(y)  for various values of  Nf, t, and r  are shown in  Figure 4 in the body 

of the paper. 

Relating n(y) to m(y) 

The two functions n(y) and m(y) will be related to each other as follows.  The requirement is placed  that 

n(y) has the same functional shape as m(y)  but that the distribution n(y) sums to the “referenced number of 

employees”, Nempref.  

(1-D)     ∑ 𝑛(𝑦)𝑁
𝑦=1  = Nempref 

This requires finding the sum Mtot by the equation 

  (2-D)  Mtot =  ∑ 𝑚(𝑦)𝑁
𝑦=1  

and then defining n(y)  by the expression 

 (3-D)  n(y) =  m(y) x  Nempref/ Mtot for y = 1 to N  
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Appendix E 

PCPHC- The Visual Basic Function for Performing a Parametric Analysis on the Cost 

of the Increment System (Single Lane Model) 

Function PCPHC(Nemp, N, Nret, Ndo, Dolev, Replev, CL, Nf, t, r, IG) 

Application.Volatile (True) 

'Definition of arguments in the Function. 

'Nemp - The total number of employees in the models pay system. 

'N - The number of years spanned by the pay system, (nominal value is 46 years). 

'Nret - The number of employees retiring at the school year end before or during the increment projected  

year. 

'Ndo - The number of dropouts in the projected year 

'Dolev- The average experience levels for the early  dropouts  (nominally 6 for Harford County. 

'Replev - The average experience  level  (or year in the pay scale) in which new employees. 

'replace the retirees  and dropouts. (Nominal value is 1.) 

'CL - The "cost of living" salary adjustment across the board (typically .0 to  .05). 

'Nf- Determines the y terminal point (y=Nf >N) at which the experience curve approaches. 

'asymtotically to zero with zero slope. 

't - The bend point in the salary distribution curves [in mm(y) and nn(y)] [ 0 < t < 1). 

' Note t defines q by the relationship q= Nf x  t. 

'r - The value of mm(y) at the bend point. 

'IG- A value 1 leads to calculating the increment being given in P2i, (IG=0, no increment is given) 

'PCPHC-The value returned by the function  equal to the % increase in the payroll. 

'Set up and initialize arrays and constants. 

Dim mm(1 To 61) 

Dim nn(1 To 61) 

Dim RT(1 To 61) 

Dim s(1 To 61) 

zero = 0 

one = 1 

two = 2 

hundred = 100 

s0 = 41583 

p = 0.03 

Trans = 57558 

jumpa = 2000 

Nempref = 2979 

Nretref = 93 

s(1) = s0 

mm(1) = one 
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'End of initializing array dimensions 

'Specify retirement array RT(y). 

RT(1) = 0 

RT(2) = 0 

RT(3) = 0 

RT(4) = 0.666666667 

RT(5) = 0 

RT(6) = 0 

RT(7) = 0 

RT(8) = 1 

RT(9) = 0 

RT(10) = 0.666666667 

RT(11) = 1.333333333 

RT(12) = 0.333333333 

RT(13) = 0 

RT(14) = 2.333333333 

RT(15) = 3.333333333 

RT(16) = 1.333333333 

RT(17) = 1 

RT(18) = 2.666666667 

RT(19) = 3.333333333 

RT(20) = 2.666666667 

RT(21) = 3 

RT(22) = 2.666666667 

RT(23) = 1 

RT(24) = 3.666666667 

RT(25) = 2.666666667 

RT(26) = 3.666666667 

RT(27) = 3 

RT(28) = 3 

RT(29) = 3.333333333 

RT(30) = 1.666666667 

RT(31) = 2.666666667 

RT(32) = 3.333333333 

RT(33) = 6 

RT(34) = 2.333333333 

RT(35) = 3.666666667 

RT(36) = 5 

RT(37) = 3 

RT(38) = 4.666666667 

RT(39) = 3.333333333 

RT(40) = 3.666666667 
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RT(41) = 3 

RT(42) = 1.666666667 

RT(43) = 1 

RT(44) = 0 

RT(45) = 0.333333333 

RT(46) = 0.666666667 

RT(47) = 0 

RT(48) = 0 

RT(49) = 0 

RT(50) = 0 

RT(51) = 0 

RT(52) = 0 

RT(53) = 0 

RT(54) = 0 

RT(55) = 0 

RT(56) = 0 

RT(57) = 0 

RT(58) = 0 

RT(59) = 0 

RT(60) = 0 

RT(61) = 0 

'Set the salary structure in terms of s(y) , y = 0 to 51). 

'Note:  The integers j and k are used to specify years y. 

For j = 2 To 10 

s(j) = s(j - 1) * (1 + p) 

Next j 

s(11) = Trans 

For j = 12 To 15 

s(j) = s(j - 1) * (1 + p) 

Next 

For j = 16 To 19 

s(j) = s(15) 

Next j 

s(20) = s(19) + jumpa 

For j = 21 To 24 

s(j) = s(20) 

Next j 

s(25) = s(24) + jumpa 

For j = 26 To 29 

s(j) = s(25) 

Next j 

s(30) = s(29) + jumpa 
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For j = 31 To 34 

s(j) = s(30) 

Next 

s(35) = s(34) + jumpa 

For j = 36 To 61 

s(j) = s(35) 

Next 

'End of setting up s(y). 

'Determine constant needed to define "factor in computing nn(y) from mm(y). 

'Note  mm( y) here  is m(y) in the paper and nn(y) here is n(y) in the paper. 

mmtotal = zero 

If r > 0 Then 

'Compute mm(y) from Parametric Nf,t,r representation. 

For k = 1 To N 

y = k 

q = Nf * t 

'Note A,B and C below are the same as a1,b1,c1 and a2,b2,c2 in the paper. 

B = (r - one) / (q - one) 

A = one - B 

C = zero 

If y > q Then 

B = -r / ((Nf - q) + (q ^ 2 - Nf ^ 2) / (2 * Nf)) 

C = -B / (2 * Nf) 

A = r - B * q - C * q * q 

End If 

mm(k) = A + B * k + C * k * k 

mmtotal = mmtotal + mm(k) 

Next k 

End If 

If r = 0 Then 

'Set mm(y) to Real HPC experience curve (4). 

mm(1) = 1 

mm(2) = 0.627045236 

mm(3) = 0.534167469 

mm(4) = 0.560635226 

mm(5) = 0.344080847 

mm(6) = 0.712223292 

mm(7) = 0.628488932 

mm(8) = 0.786814244 

mm(9) = 0.644850818 

mm(10) = 0.538979788 

mm(11) = 0.515399423 
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mm(12) = 0.548123195 

mm(13) = 0.532242541 

mm(14) = 0.529355149 

mm(15) = 0.560635226 

mm(16) = 0.580365736 

mm(17) = 0.467276227 

mm(18) = 0.410972089 

mm(19) = 0.553416747 

mm(20) = 0.365736285 

mm(21) = 0.303657363 

mm(22) = 0.322425409 

mm(23) = 0.241097209 

mm(24) = 0.216554379 

mm(25) = 0.201154957 

mm(26) = 0.26852743 

mm(27) = 0.166506256 

mm(28) = 0.139557267 

mm(29) = 0.146294514 

mm(30) = 0.161693936 

mm(31) = 0.096246391 

mm(32) = 0.088547 

mm(33) = 0.067372474 

mm(34) = 0.099133782 

mm(35) = 0.057747834 

mm(36) = 0.057747834 

mm(37) = 0.052935515 

mm(38) = 0.070259865 

mm(39) = 0.046198268 

mm(40) = 0.033686237 

mm(41) = 0.014436959 

mm(42) = 0.019249278 

mm(43) = 0.00481232 

mm(44) = 0.014436959 

mm(45) = 0.00481232 

mm(46) = 0# 

mm(47) = 0 

mm(48) = 0# 

mmtotal = 0# 

For k = 1 To N 

mmtotal = mmtotal + mm(k) 

Next k 

End If 



90 
 

'End of computing mm(k) for all k. 

'Compute the quantity "Factor" needed to convert mm(y) to nn(y). 

Factor = Nempref / mmtotal 

'Compute nn(y) from mm(y) for all   y. 

For k = 1 To N 

nn(k) = Factor * mm(k) 

Next k 

'End of computing nn(k) for all k. 

'Compute  F1 and P1. 

F1 = zero 

For k = 1 To N 

F1 = F1 + nn(k) * s(k) 

Next k 

F1 = F1 / Nempref 

P1 = F1 * Nemp 

'End of computing F1 and P1. 

'Compute F2 and P2t. 

F2 = 0 

F3 = 0 

For k = 1 To N 

F2 = F2 + nn(k) * s(k + IG) 

F3 = F3 + RT(k) * s(k + IG) 

Next k 

F2 = F2 / Nempref 

F3 = F3 / Nretref 

P2i = F2 * Nemp * (1 + CL) 

A2r = F3 * Nret * (1 + CL) 

' End of computing A2r and P2i. 

F4 = s(Dolev + IG) 

A2d = F4 * Ndo * (1 + CL) 

A2 = A2r + A2d 

'End of Computing A2. 

'A1 is the cost of adding Nret and Ndo new employees ( at Replev) to replace the. 

'Nret who retired and the Ndo who dropped out. 

F5 = s(Replev) 

A1r = Nret * F5 * (1 + CL) 

F6 = s(Replev) 

A1d = Ndo * F6 * (1 + CL) 

A1 = A1r + A1d 

Pto = A2 - A1 

PCTO = 100 * Pto / P1 

PCIA = 100 * (P2i - P1) / P1 
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' PCPHC is the percentage increase or decrease in payroll cost adjusted for. 

'retirees, new hires,increment shuffling and cost of living raise. 

PCPHC = PCIA - PCTO 

End Function 
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