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The Life Cycle of a School 

A school building typicaliy moves through several stages during its life cycle. The glory 
years, when the building is structurally soundest, the equipment functions at optimal levels, 
and state-of-the-art educational activities can generally be supported, last 2 decades. Then the 
equipment replacement stage begins. Typically, the roof must be redone at this point. As the 
years go on, lighting fixtures and heating, air conditioning, and ventilation equipment must be 
replaced. The explosion in technological demands on instruction has accelerated needs for 
overhaul of electrical systems as well. After about 40 years of use, a building's rate of 
deterioration typically accelerates. Few buildings can survive more than 60 years of 
continuous use unless they are the beneficiaries of extensive renovation efforts. 

"Life is good." "Components are breaking down." "I need a makeover." 

Years: 1-20 21-40 41-60 

In practice, many school districts attempt to head off the crisis management problems in years 
41 through 60 by thoroughly renovating schools once every 25 years. 



The Relationship Between the Age of a School Building and Annual 
Maintenance Needs 

As a school ages, the cost of its upkeep rises. In order to assess the degree to which this 
occurs in the Fairfax County Public Schools, the actual cost of maintenance work orders 
performed was compared over a three-year period for four older, unrenovated schools, as 
opposed to four newly renovated buildings. The annual cost per square foot for unscheduled 
maintenance was 70 cents for the older buildings, versus 26 cents for the newer facilities. A 
350,000 square foot older high school, then, could be expected to generate $245,000 in 
unscheduled maintenance costs, compared to just $91,000 for a newer building. 



School Capital Expenditure Trends Around the Nation 

The total amount spent on school construction has increased appreciably in recent years. The 
chart below, prepared by the National Clearinghouse for Education Statistics, projects a 44% 
increase over the period covering the calendar years from 1995 through 2001. Construction 
expenditures increased by 12.6% from 1998 to 1999, from $18.2 billion to $20.5 billion, with 
most of the increase attributable to high schools. 



The cost of school construction has been rising in recent years, as economic growth has 
provided building contractors with more bidding options than were available in the 
recessionary years. Costs per square foot rose by about 15% for high schools between 1997 
and 1999, as data tabulated by "School Planning and Management" Magazine portrays: 



The Bureau of the Census projects total pre-kindergarten to twelfth grade enrollment growth 
of 5.7% between 1996 and 2008, with the bulk of the increase at the high school level, while 
elementary enrollment should decline. The Bureau of the Census believes that public school 
populations nationally will grow indefinitely, at least until 2050. Of course, more mature 
communities, such as Fairfax, may not necessarily mirror the long-range national trend. 

The most recent attempt to comprehensively examine the condition of America's schools was 
reflected in a 1995 report issued by the Government Accounting Office. At that time, 113 of 
public school buildings were assessed as being in need of extensive repairs or total 
replacement, while 60% of schools were found to be deficient with respect to at least one 
major building feature. There were 28,000 schools reported to have inadequate heating, 
ventilation, and air conditioning systems. Schools found to have serious plumbing 
deficiencies totaled 23,000, while 21,000 buildings had roofing problems. The cumulative 
price tag assigned to the backlog of needed improvements in 1995 was $1 12 billion. A 
follow-up study conducted by School Planning and Management magazine concluded that 
schools are spending just over $3 billion a year to address these repair needs. At this rate, it 
would take nearly 4 decades just to correct the problems which existed by 1994, without 
regard to all the new renovation requirements which would develop in the meantime. In terms 
of new construction, there is an identified national need for new space to accommodate 
840,000 new students each year. In 1998, there were an estimated 522 new schools 
constructed, with a collective capacity of 338,000 representing satisfaction of roughly 40% of 
the need. 



The National Center for Education Statistics has issued the following assessments: 

1) Most school buildings built more than 25 years ago have reached the end of their useful 
lives. The average public school is 42 years old. 

2) Deferred maintenance has become standard procedure 

3) The typical school has more than one building (including temporary buildings), each built 
at a different time. 

4) At least 2,400 new public schools will be needed by 2003 

5) Unlike at the end of the "baby boom" of the 1950s and 1960s, we will gain no respite 
from the current enrollment boom, as births will begin edging up from 4.1 million in 2008 
to 4.5 million in 2018. 



Capital Expenditure Trends Around the State 

Data on projects to construct new elementary public schools in Virginia is shown below for 
the period from the 1987-88 school year through the 1998-99 session: 

Square Feet Cost Per Cost Per 
# of Schools per Pupil Square Foot Pupil 

Due to the small number of construction projects per year, as well as the disparity in 
geographic cost factors, there are significant fluctuations in the ratios from one year to the 
next. In general, the allocation of space on a per pupil basis appears to have risen slightly 
over time, from about 100 square feet per student to 105. The construction cost per square 
foot is up by over 50% in 11 years, from $67 to $103, equating to an average annual inflation 
rate of 4%. The cost per pupil rose by 61% over the 11 year period, reflecting both inflation 
and an increase in the space provided per student. It is interesting to note that the square 
footage per pupil, 105, is significantly lower than the 1999 national average of 120 shown on 
page 4. The national average cost per pupil for 1999 elementary construction was $1 1,667, an 
amount about 8.6% higher than Virginia's figure. 



At the middle school level, the data looks like this: 

Square Feet Cost Per Cost Per 
# of Schools per Pupil Square Foot Pupil 

The number of schools built each year is extremely low, so volatility in the ratios is even 
higher than that experienced for elementary facilities. Overall, the space requirements per 
pupil appear to be up dramatically, with 137 square feet provided in 1999, or 27% more than 
was the case in 1988. The cost per square foot has ranged between $64 and $103, with 1999's 
figure of $86 representing a 34% increase over 1988. A consistent annual inflation rate of 
2.7% would generate a rise in costs from the $64 level in 1988 to $86 in 1999. The cost per 
pupil, as would be predicated by the dramatic change in space specifications, rose 
tremendously, increasing by 70% from 1988's level of $6,919 to the 1999 figure of $1 1,795. 
At the national level, new construction provided for 142 square feet per pupil, at a cost of 
$1 5,000. 



What about high schools? These costs have risen greatly in 11 years: 

Square Feet Cost Per Cost Per 
# of Schools per Pupil Square Foot Pupil 

The square footage per pupil was 19% higher in 1999 than it had been in 1988. The cost per 
square foot nearly doubled, from $61 to $1 15, representing an average annual inflation rate of 
6%. The construction cost per pupil more than doubled, from $7,551 to $16,891. Nationally, 
1999 construction provided 178 square feet per pupil, at a cost of $20,809. 

The State began compiling data on projects involving additions or renovations during the 
1993-94 year. There were 11 such projects that year, involving an outlay of $40.97 per square 
foot. In the 1998-99 session there were 20 such projects, at a cost of $60.81 per square foot, 
or about 48% higher than the level 5 years earlier. 

For those readers who are visually inclined, the graph on the next page portrays changes in the 
construction cost per square foot by type of school for the past 5 years. 



Average Cost of Construction 

95-96 96-97 

Fiscal Year 



The Impact of Building Conditions on Student Achievement 

Educational researchers have long been concerned with the influence of settings on the quality 
of academic experiences and, ultimately, on measurable student outcomes. Clearly, the 
impact of a new school facility is more subtle than that of a new wonder drug designed to 
bring unprecedented levels of relief from some dreaded medical affliction. Researcher Daniel 
Duke, of the Thomas Jefferson Center for Educational Design, has summed up the issue in 
these words: 

Memoirs and autobiographies are full of accounts of 
students who were undaunted by peeling paint, temperature 
extremes, poor lighting, cramped quarters, and other 
pathologies of place. I cannot deny that people are capable 
of learning in spite of the setting. The issue, however, is 
whether they learned as much or as well as they could have 
in better surroundings. 

Studies of causal links between building conditions and student outcomes have focused on a 
wide range of physical variables, such as building age, ventilation, lighting, color, freshness of 
paint, amount of space, design of space, presence or absence of graffiti, site size, level of on- 
going building maintenance efforts, enrollment, climate control, and level of auditory 
distractions. 

Most research studies have used multiple regression techniques. Multiple regression analysis 
involves the interpretation of statistics describing a variety of characteristics thought to 
influence a particular outcome. The relative impact of one specific variable on the outcome is 
estimated by means of this process. Almost all multiple regression analyses have supported 
the commonly held belief that students' socioeconomic status has more influence on 
standardized test scores than any other factor. The condition of the school building, while 
much less important, has generally been found to have a significant impact on student 
achievement. 

Results of Studies Correlating Building Conditions to Student Achievement 

An early study, published by C. W. McGuffey in 1982, indicated that non-modernized 
buildings accounted for 5.3% of the variance on the composite score of the ITBS for a 
population of fourth grade students in a random sample of elementary schools. McGuffey 
concluded that heating and air conditioning systems were of particularly great importance in 
contributing to student achievement. 

A 1991 study (Edwards) based on the District of Columbia school system concluded that, 
after controlling for other variables such as students' socioeconomic status, standardized 
achievement scores were significantly lower in buildings that were characterized as being in 



poor condition. Schools in excellent condition reported test scores 6% higher than those in 
"fair" schools and 11% higher than those in "poor" facilities. 

A 1993 study (Cash) focused on small, rural Virginia high schools. The buildings with the 
lowest quality ratings were found to be depressed by up to 5 percentile points. The study 
concluded the cosmetic factors had more significant causal effects than structural problems. 
Overall, specific building characteristics linked to poorer achievement included deficient 
science facilities, air conditioning, lockers, and classroom furniture. Environments which 
were noisy or plagued by graffiti were also cited as achievement inhibitors. 

A 1995 study (Earthman) focused on North Dakota high schools, where the student 
populations are relatively homogeneous and rural. School conditions, as defined by 
principals' survey responses, correlated directly with both student achievement and student 
behavior. 

A 1995 report (Rivera, Batiz and Marx) focused specifically on the impact of overcrowding in 
the New York City schools. Achievement scores in reading and mathematics were 
significantly lower in overcrowded buildings. 

A 1996 study (Hines') concentrated on large urban high schools in Virginia. Student 
achievement fell as much as I1 percentile points in substandard buildings as compared to 
facilities in excellent shape. 

Impacts on Teaching 

A number of studies have concentrated on the causality between building condition and 
instructional quality. A 1998 report (Lane), based on interviews with State Teachers of the 
Year, indicated that the most important facilities factors are the availability of high quality 
classroom equipment as well as environmental characteristics, such as temperature and noise 
control. Another 1988 study (Corcoran) noted, 

... Where the problems with working conditions are serious 
enough to impinge on the work of teachers, they result in 
higher absenteeism, reduced levels of effort, lower 
effectiveness in the classroom, low morale, and reduced job 
satisfaction. Where working conditions are good, they 
result in enthusiasm, high morale, cooperation, and 
acceptance of responsibility. 

Overall Picture 

The typical conclusion appears to be that students' scores on standardized achievement tests 
can be reduced by 5 to 10 percentile points if their instruction takes place in a facility with one 
or more significant deficiencies. 



Factors That Affect Interest Rates on Bonds 

When someone wishes to buy a home, it is typical to borrow money to do so. This loan is apt 
to come in the form of a mortgage. Prior to agreeing to provide money, the lender seeks 
assurances that the borrower can be depended on to repay it in a timely fashion. The lender 
reviews the borrower's recent earnings history, identifies other binding debt commitments, 
and determines what assets are available to draw on in meeting the mortgage obligations in 
the event that the income source diminishes or vanishes. The result of this review will 
determine whether the loan is approved. If the borrower's likelihood of repayment is in any 
way questionable, the lender is apt to charge a higher interest rate in order to compensate for 
accepting a higher risk of default. 

When a local government borrows money, the process is similar. Because a local government 
borrows from many lenders at once, by selling bonds, a third party is engaged to perform the 
credit evaluation and provide the public with information concerning the relative likelihood 
that the government will repay the debt on time. There are three major companies which can 
provide this third party credit evaluation: Moody's Investors Service, Inc., Standard and 
Poor's Corporation, and Fitch Investor Service. Letter symbols are used to provide clues to 
potential bond buyers as to the credit worthiness of the issuing government. The governments 
deemed the safest, that is, most likely to repay their debt, receive ratings of AAA (or Aaa, in 
the case of Moody's). It is a mark of distinction to receive such a rating. Out of tens of 
thousands of local governments across the nation, for instance, only 1 17 have received a Aaa 
rating from Moody's. Corporations seeking to relocate or expand tend to view a AAA rating 
as a symbol of a community's economic strength. 

Interest Rates for AAA Bonds 

A major benefit of a AAA bond rating is that it enables the borrowing government to get a 
low interest rate. In order to get a sense of the difference, the attached chart, prepared by the 
Delphis Hanover Corporation, illustrates the range of interest rates likely for bond issues with 
various maturity dates and credit ratings. Typically, bonds are issued with multiple 
maturities: a bond borrowing colloquially referred to as a "20 year issue" is in fact most 
likely to involve some bonds which mature after 1 year, some after 2 years, and so forth, on 
up to 20 years in a typical case, although some bond issues, particularly those of utilities, may 
have maturities as high as 40 years. The Delphis Hanover Chart summarizes the typical 
market as of 4 p.m. on December 17, 1999. The far left column shows "AAA" rates. Bonds 
maturing in 1 year, that is, on December 17,2000, would have interest rates of 3.9%, while 
those maturing in 20 years, on December 17,2019, would have rates of 5.85%. If one 
assumes that a so-called "20 year bond issue" occurred on December 17,1999, and the 
maturities were staggered evenly from one through twenty years, then the rate for a 10 year 
bond would be apt to be fairly reflective of the average for the whole issue. "AAA" rated 
bonds maturing on December 17,2009, had interest rates of 5.05%. 



How much would interest rates rise if the borrowing government had a lower credit rating? 
The second column from the left on the Delphis Hanover Chart shows rates for bonds in 
between "AAA" and "AA" status, referred to by the rating agencies as "AA+" or "Aal" 
bonds. Bonds maturing on December 17,2000, would have interest rates of 3.95%, compared 
to 3.90 for the "AAA" rated obligations. The difference is five hundredths of a percent, or as 
is referred to in industry jargon, "5 basis points." For other years of maturity from 2001 to 
2019, there is a 5 basis point difference 13 times and a 10 basis point difference 6 times, for a 
composite 20-year average difference of 6.5 basis points. 

If the issuing government's credit rating were two notches below the "AAA" level, it would 
have a "AA" status, as reflected in the third column from the left on the Delphis Hanover 
Chart. The difference in interest rates between " A M  and "AA" issues ranges from 10 basis 
points to 20 over the years from 2000-2019, with the average difference being 16.25. 

The chart, "COMPUTATION OF INTEREST PAYMENTS ON $200 MILLION BOND 
ISSUE," shows the interest payments on a hypothetical bond issue dated December 17, 1999, 
and subject to retirement in 20 equal annual principal installments. Total interest paid over 
the 20-year life of the bond issue is as follows for "AAA," "Aal," or "AM ratings: 

AAA $1 12,335,000 

Aal 1 13,790,000 

An issue with a "Aal" rating would pay an additional $1,455,000, while one with a "AA" 
rating would pay $3,550,000 more than a " A M  issuer. 

Of course, if an organization routinely incurred new debt of $200 million each year, then the 
total increase in annual interest costs for the organization over time would be about 20 times 
as high as the figures quoted above, or about $29,100,000 per year for the "Aal" issue and 
$71,000,000 more for the government rated "AA." 

Other Factors Impacting Interest Rates 

There are other factors which come into play to determine whether a specific bond issue 
matches the patterns on the Delphis Hanover Chart, is more favorable, or is unfavorable by 
comparison. One factor concerns the "supply-demand" in the state where the bonds are 
issued. Since Virginia bonds are exempt from taxation to Virginia residents, but not apt to be 
exempt from state taxes for purchasers who reside elsewhere, the volume of Virginians 
interested in buying bonds at any specific point in time affects the interest rate. The more 
people (or institutional investors) there are who want to purchase the bonds, the lower the 
interest rate that is offered needs to be in order to attract them. Similarly, the supply of bonds, 
at a specific point in time, also affects the interest rate. If a local government issues bonds on 
the same day the state or other local governments issue them, the abundant supply of bonds 



INDEX 100 9 8 06 9 4 92 90 88 86 
Aaa Aa A Baa 

-----------------------------------------.--------------------------- 
2000 3.90 3.95 4.00 4.10 4.20 4.30 4.45 4.60 
2001 4.15 4.20 4.30 4.40 4.50 4.60 4.70 4.85 
2302 4.30 4.35 4.45 4.55 4.65 4.75 4.90 5.05 
2003 4.45 4.50 4.60 4.70 4.83 4.90 5 .  Ci5 5.20 
2004 4.55 4.60 4.70 4.80 4.90 5.00 5.15 5.30 
------------------------------------------.-------------------------- 
2005 4.65 4.70 4.80 4.90 5.00 , 5.10 5.20 5.35 
2G06 4.75 4.80 2.90 5.00 5.10 5.23 5.30 5.15 
:?DO7 4.85 4.90 5.00 5.10 5.20 5.30 5.40 5.55 
2008 4.95 5.00 5.10 5.20 5.30 5.40 5.50 5.65 
2009 5.05 5.10 5.20 5.30 5.40 5.50 5.60 5.75 
.-----------------------------------------------------.--------------- 
2 1 0  5.10 5.20 5.30 5.40 5.50 5.60 5.70 5.85 
2011 5.20 5. 30 5.40 5.50 5.60 5.70 5.80 5.95 
2Ct2 5.30 5.40 5.50 5.60 5.70 5.80 5.90 6.05 
201.2 5.40 5.50 5.60 5.70 5.3C 5.30 6.00 6. i5 
2014 5.50 5.60 5.70 5.80 5.90 6.00 6. 10 6.25 

"-- ----- 
2015 5.60 5.70 5.80 5.90 6.00 6.10 6.20 6.35 
2016 5.70 5.75 5.85 5.95 6-05 6.15 6.25 6.40 
2017 5.75 5.80 5.90 6.00 6. io 6.20 6.30 6.45 
2018 5.80 5.85 5.95 6-05 6.15 6.25 6.35 6.50 
,2019 5.85 5.90 6.00 6.10 6.20 6.30 6.40 5.55 ------- ---- -- 
2020 5.90 5.95 5.05 6.15 6.25 6.35 6.45 6.60 
2021 5.90 5.95 6.05 6.15 6.25 6.35 5.45 6.60 
2322 5.90 6.00 6.10 5.20 6.30 6.40 6.50 6.65 
2023 5.90 6.00 6.10 6.20 5 - 3 0  6.40 6.50 6.65 
2024 5.90 6.00 6. I0 6.20 6.3C 6.40 6.50 6.65 
-----------------------------------------.--.------------------------- 

2029 5.95 6.05 6.15 6.25 6 . 3 5  6.45 6.55 6.70 

HI:GH GRADES WERE CUFFED DOWN ABOGT . 0 2 .  SECONEXRY MARKET ACTIVITY 
WAS MINIFAL.. 

DOLLAR B O N E  CLOSED Q:TOTZ3 DOWN lj8 TO 1/4. T H E  YARKET OPTNEE FLAT: 
ZAS EOLW 1/8 To 1/4 AT E.!03N EST APiD REKAINET: THERE THROtiGX THE 
3.FTE.WOON . 

Cspyright ( C )  1963-1999 * DELPHIS HPSJOVER CORFORATIOSJ * ~:l Rights Reserved. 



COMPUTATION OF INTEREST PAYMENTS ON $200 MILLION BOND ISSUE 
YIELDS BASED ON AVERAGES FOR DECEMBER 17.1999. CLOSE OF BUSINESS 

Year of Principal Years of 
Maturity Borrowed Payment 

TOTALS 200,000,000 

AAA 
Interest 

Rate 

3.90 
4.15 
4.30 
4.45 
4.55 
4.65 
4.75 
4.85 
4.95 
5.05 
5.10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 
5.75 
5.80 
5.85 

AAA 
lnterest 

Paid 

390,000 
830,000 

1,290,000 
1,780,000 
2,275.000 
2,790.000 
3,325.000 
3,880.000 
4,455,000 
5,050.000 
5,610,000 
6,240,000 
6,890,000 
7,560,000 
8,250,000 
8,960,000 
9,690,000 

10,350,000 
11.020,000 
11,700,000 

AA1 
lnterest 

Rate 

3.95 
4.20 
4;35 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 
5.75 
5.80 
5.85 
5.90 

AA1 
lnterest 

Paid 

395,000 
840,000 

1,305,000 
1,800,000 
2,300,000 
2,820,000 
3,360,000 
3,920.000 
4.500.000 
5,100,000 
5,720,000 
6,360,000 
7,020.000 
7,700.000 
8,400,000 
9,120.000 
9,775,000 

10,440.000 
11,115,000 
11,800.000 

AA 
Interest 
Rate 

4.00 
4.30 
4.45 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 
5.80 
5.85 
5.90 
5.95 
6.00 

AA 
Interest 

Paid 

400.000 
860,000 

1,335,000 
1.840.000 
2,350,000 
2,880,000 
3,430.000 
4,000,000 
4,590,000 
5,200,000 
5.830.000 
6,480,000 
7,150,000 
7,840,000 
8.550.000 
9,280.000 
9,945,000 

10,620,000 
11,305,000 
12,000,000 



will enable buyers to be choosy and demand higher interest rates. Shrewd local government 
issuers try to ascertain the borrowing plans of significant other agencies in the state and time 
issues when there is little competition. The Delphis Hanover Corporation tracks various 
localities' ability to achieve interest rates at or below prevailing market averages. On the 
majority of issues, Fairfax County reportedly achieves lower interest rates than are obtained 
by other AAA localities borrowing funds at the same time. Delphis Hanover advises that the 
optimum timing for Fairfax County bonds is a few weeks after the State issues them. Why is 
this the case? It has to do with inspiring bidder confidence. When a government issues 
bonds, it does not go to the trouble of actually finding all the investors needed. Instead, a 
middleman process is used, whereby financial institutions all submit bids on the interest rates 
they will charge the government. These bids all come in at a particular time of a particular 
day, as market conditions fluctuate constantly, just Iike the stock market does. If the financial 
institutions believe the bonds will be easy to sell, they do not have to w o w  about getting their 
money back promptly, so they will bid lower rates. If a large State of Virginia issue proves to 
be easy to sell, then the bidding confidence in other AAA issues will improve, so that if 
Fairfax comes out with bonds a few weeks later, then bids should be favorable. 



What Factors Have a Bearing on a Government's Debt Rating? 

The process of assigning a debt rating to a government's bonds is not an exact science. There 
are always some subjective judgments involved. Nevertheless, it is possible to provide some 
descriptions of the factors which are taken into consideration by bond rating agencies. 

A handbook issued to aid in public understanding of the process is, "Debt Ratings Criteria: 
Municipal Overview," published by Standard and Poor's Corporation. The book identifies 
four broad areas of concern which must be addressed in order to complete a credit rating 
analysis for a government: 

1) local economy; 

2) debt factors; 

3) administrative factors; 

4) fiscal management. 

Local Economy 

With respect to the local economy, a bond rating agency is concerned about the prospects for 
future community stability. The guidebook states, 

Diversity should be reflected in employment and 
income as well as in taxpayers. The creation of jobs 
and adequate income levels are elements which 
ultimately generate a vital ingredient: the ability to 
repay debt. Economic base strengths, to be fully 
reflected in a debt rating, need to be captured 
through an adequate tax structure. Economic 
strengths not reflected in positive financial factors 
are of limited use. 

There are many tales of factory towns which slid into economic ruin when the flagship 
manufacturer decided to close the local plant. Credit rating security, then, hinges on the - - 
demonstration that a community is supported by a broad range of successful employers. 
Similarly, community wealth is only of relevance for bond rating purposes to the extent that -. . 

the wealth can be taxed and used topay off government debt. If a local government has no 
authority to tax income, for instance, then high per capita income levels per se are not a 
significant means of bolstering bond investors' confidence that the bonds will be repaid. 

Other economic considerations are typically reviewed. The issuer's location is evaluated in 
terms of strategic access to airports, ultimate consumer markets, international contacts, or 




























































































