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From
 Preston and C

oale
(1982), 

the probability of leaving a 
population from

 cause i:
w

here li /l0
is the proportion of the equivalent synthetic population that w

ould 
leave through cause i(usually cause-specific m

ortality), D
i (a) is the instantaneous 

num
ber of decrem

ents (deaths) at age a through cause i, B
is the num

ber of births, 
and r(x) is the instantaneous proportional grow

th rate for the population. 

(
)

(
)

B

e
D

l l
j

i
r

t2 1
i

r
t

gj

0 g

j
j

j

1
j

1
x

x
x

x

∑
−

+
−

∑

≅

−=
Translating into a school 
population, starting at any age α
or the tim

e since enrollm
ent:

w
here D

gj is the total num
ber of graduations in the jth

interval, (rj -ij ) captures the 
average grow

th and net m
igration/m

ortality rates in the interval, tj is the w
idth (in 

years) of the interval, and B is the total num
ber of birthdays at age α

(or entering 
m

atriculants, for higher education data). (A
lso see Preston 1987.)

C
onsider a single age interval and its various decrem

ents and 
additions in a period: 

∆N
 = Birthdays (x) –

Birthdays (x+1) + G
raduations 

+ N
et m

igration -D
ropouts + Returnees –

D
eaths.

G
rouping the last four term

s together as an unadjusted net flow
,
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w
here N

F
i is the unadjusted net flow

, B
i is the num

ber of students w
ho age 

into the ith
interval (or have m

atriculation anniversaries corresponding to 
the beginning of the interval), A

O
i is the num

ber of students w
ho age out of 

the interval (or w
hose m

atriculation anniversaries push them
 out

of the 
interval), and G

i
is the num

ber of students w
ho graduate w

hile in the 
interval. (A

n equivalent equation is for rates rather than num
bers.)

N
F

i is a residual net flow
. The greater difficulty in identifying net dropping 

out for m
ost student populations is distinguishing it from

 m
igration. M

y 
tentative strategy is to use average 7-10 net flow

 as the population baseline.

C
om

bining 
the 

variable-rate 
expressions 

for 
life 

expectancy 
and 

the 
expected years of life spent in state G

 (w
ith incidence g(a) at age a), one can 

estim
ate the expected proportion of school life spent in som

e state G
 

starting at age α: 

Progress from
 one grade to another is an ordinal sequence, but since 

skipping a grade is relatively rare, progress (or retention) can
be treated 

akin to parity progression, and Schm
ertm

ann’s
(2002) suggestions for 

deriving age-specific rates from
 successive cross-sectional surveys are 

applicable:
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w
here gp(x,n;0,t) is the grade progress for the age interval (x,x+n) betw

een 
tim

es 0 and t
and G

L(x,t) is the m
ean grade level of students aged x

at 
tim

e t. (W
here the age interval and period are identical, the second term

 on 
the right drops out.) C

ritical assum
ption: G

L(x,t) is not correlated w
ith 

transitions 
in 

and 
out 

of 
student 

population. 
This 

estim
ate 

is 
only 

appropriate for ages below
 w

hen students noticeably begin dropping out. 

See side panels for specific exam
ples, details, and references. Research support from

 
the U

niversity of South Florida C
ollege of Education. C

ontact: dorn@
m

ail.usf.edu.

w
here c(a) is the instantaneous distribution of the (student) population at 

age a. A
s w

ith grow
th-corrected graduation rates, one uses a discrete 

version for estim
ation purposes (not show

n here). G
’α

is useful w
hen 

operationalized
as tim

e spent in a range of grades (for a w
hole student 

population) or in a specific year (w
here concerns are raised about retention 

in 9
thgrade).
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Calculation Details 
 
Migration and mortality 
 
Because of conflation among residual decrements and increments, especially for teens, it is 
impossible to estimate age-specific migration. A proxy for the underlying general combined 
migration and mortality rate (I) is the average of the 7-10 year olds’ age-specific net-flow rates.  
 
One can, in addition, explicitly model the effects of changing constant or age-varying migration 
(i.e., having under- or overestimated migration). For Virginia, 1998-99, the estimated likelihood 
of ever leaving the system with a standard diploma for 14-year-olds is as follows for constant 
migration and mortality rates varying between -0.01 and +0.05: 
 

Migration+mortality Probability of graduating with standard diploma 
-0.010 81.7% 
-0.005 79.9% 
0 78.1% 
0.005 76.3% 
0.007* 75.5% 
0.010 74.6% 
0.020 71.3% 
0.050 62.3% 

*—the mean net-flow rate for 7-10 year olds. 
 
Given the low mortality of school-age children, modeling the effects of age-specific mortality is 
unlikely to greatly affect graduation rates. 
 
Distributing graduates among ages 
 
Graduates are distributed proportionate to 12th-grade enrollment, aged from the prior fall to the 
spring (when most students graduate). 
 
Net flows and teens’ age intervals 
 
Because of the uneven distribution of school-leaving within single years of age for teens, the net-
flow calculations use a multi-age interval, to reduce the potential distortions to estimates of 
birthdays into and out of the interval. Otherwise, estimates for individual ages are unstable. 
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Accession; A New Synthesis. Population Index 48: 217-59.  

Schmertmann, Carl P. 2002. A Simple Method for Estimating Age-Specific Rates from    
Sequential Cross Sections. Demography 39: 287-310.  
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0.145 
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12,544 
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5,512 
15,723 

}
-14,895

-0.080 
-0.087 

20+ 
2,674 

2,578 
2,006 

-96 
2,626 

4,061 
-2,151

-0.819 
-0.826 

 I: A
ssum

ed general net m
igration and m

ortality rate (average of net flow
 rates for 7-10 year olds): 0.007. 

See C
alculation D

etails sheet for the older teen age interval. 
Source: V

irginia D
epartm

ent of Education 



L
ikelihood of G

raduating, V
irginia Public Schools, 1996-97 and 1997-98 School Y

ears 
(for those having 14th birthdays as students) 

 
(1) 

(2a) 
(2b) 

(2c) 
(3) 

(4) 
(5) 

(6) 
(7a) 

(7b) 
(7c) 

A
ge 

int. 
D

iplom
as  

(distributed as 12th graders) 

Student 
grow

th 
rate 

M
igration-

adjusted 
grow

th 

C
um

ulative 
grow

th from
 

age 14 

G
row

th 
correction 

G
row

th-corrected diplom
as 

j 
D

gj  
rj`  

rj -I 
(

)
(

)I
r

t
2 1

I
r

t
j

j

1
j

1
x

x
x

−
+

−
∑ −=

 
(

)
(

)I
r

t
2 1

I
r

t
j

j

1
j

1
x

x
x

e
−

+
−

∑ −=
 

(
)

(
)I

r
t2 1

I
r

t

gj

j
j

1
j

1
x

x
x

e
D

−
+

−
∑ −=

 
 

 
 

 
(note a) 

(note a) 
(note b) 

e
(5) 

(2)·(6) 
 

R
egular 

Special 
C

ertificate
 

 
 

 
R

egular 
Special 

C
ertificate

14 
 

 
 

0.002
-0.005 

-0.0026 
0.9974 

 
 

 
15 

6 
 

0.019
0.012 

0.0009 
1.0009 

6
16 

332 
5 

4 
0.014

0.007 
0.0103 

1.0103 
335

5
4

17 
13935 

202 
182 

0.025
0.018 

0.0226 
1.0229 

14,254
207

187
18 

32156 
466 

421 
0.062

0.055 
0.0590 

1.0608 
34,111

494
447

19 
12207 

177 
160 

-0.012
-0.019 

0.0768 
1.0799 

13,182
191

173
20+ 

1952 
28 

26 
-0.037

-0.044 
0.0453 

1.0464 
2,043

30
27

 
60,587 

878 
793 

Total 
63,930
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14th birthdays (see net-flow
 table) 
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djusted graduation probabilities
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75.5%
1.1%

1.0%
 

T
otal 

73.6%
 

 
 

 
 

 
T

otal 
77.6%

 
 a: G

row
th rates are calculated from

 the net-flow
 table colum

ns as ln[(2b)/(2a)], w
ith I from

 the sam
e table. H

ere, tj =1 for all j 
(including the open-ended interval). 
b: C

um
ulative grow

th is calculated from
 age 14 through the m

iddle of the age in question.  
 Source: V

irginia D
epartm

ent of Education. D
iplom

as are from
 1996-97 school year. 



School Life Spent in 9th Grade, Virginia Public Schools,  
14+ Year Olds, 1996-97 and 1997-98 School Years 

 
(1) (2a) (2b) (3) (4) (5) (6) 

Age 
int. 

Proportion  
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Average 
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distribution 
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Growth-adjusted 
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Proportion in 9th 
grade, weighted by 

adjusted age 
distribution 
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1996 
-1997 

1997 
-1998     

14 59% 57% 58% 0.233 0.232 0.135 
15 35% 36% 36% 0.233 0.233 0.083 
16 11% 11% 11% 0.228 0.230 0.025 
17 4% 4% 4% 0.211 0.215 0.008 
18 3% 2% 3% 0.073 0.078 0.002 
19 3% 4% 3% 0.015 0.016 0.000 
20+ 20% 14% 17% 0.007 0.008 0.001 

   Total 1.013 0.255 

     
Proportion of school life over 14  

spent in 9th grade 
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     0.252 
 
a: See net-flow table for student populations for each year and the average student population in 
each age interval. 
b: See the net flow table for the growth-correction factor for each age interval. 
 
Source: Virginia Department of Education. 



G
rade Progress, A

frican-A
m

erican Students A
ged 6-13,  

A
tlanta-Fulton Public Schools 1938-39—

1940-41 
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6 
1.07 

1.11 
1.00 

1.00 
0.45 

0.36 
0.43 

7 
1.64 

1.79 
1.36 

1.45 
0.80 

0.51 
0.72 
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2.28 

2.51 
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0.84 
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0.43 
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4.10 

4.45 
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0.35 
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5.16 

5.57 
4.80 

5.22 
1.20 

0.36 
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13 
6.00 

6.42 
5.58 
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 a: B
ased on (3a) and (3b); see Schertm

ann (2002) for details.  The calculation for 6-year-olds: G
L(7,1940-41) – G

L (6,1938-39) = 
1.45-1 = 0.45 
b: B

ased on (3a) and (3b). The calculation for 6-year-olds: G
L(8,1938-39) – G

L (6,1940-41) = 1.36 – 1 = 0.36 
c: n=1, t=2.  See Schm

ertm
ann (and m

ain poster) for the form
ula. 

 Source: A
tlanta C

ity and Fulton C
ounty A

nnual R
eports of the Superintendent to the G

eorgia D
epartm

ent of Education, 1938-39 and 
1940-41, in G

eorgia State A
rchives. 



Substantive Q
uestions 

 
H

istorical D
ata (1930s-1960s) 

 G
eorgia county and city school-system

 annual-reports 
• 

A
ge-grade tables by race late 1930s-m

id 1960s 
• 

A
ge-grade tables by sex from

 late 1950s-m
id 1960s 

• 
G

raduates from
 1940s 

• 
23 counties in four clusters: urban, northeastern hills, 
coastal plain, and B

lack B
elt counties near A

labam
a 

 G
oals of project 
• 

Pilot m
ethods 

• 
D

escribe subregional variations in 20th c. closure of 
B

lack-W
hite secondary enrollm

ent gap 
 G

rade Progress of 8-year-old Students by R
ace,  

Five G
eorgia C

ounties, ‘38-39—
‘40-41 and ’55-56—

’56-57 
 

‘38-39—
‘40-41 

‘55-56—
‘56-57 

C
ounty 

W
hite 

B
lack 

W
hite 

B
lack 

A
tlanta-Fulton 

0.95 
0.84

0.96
0.95

B
ibb (M

acon) 
0.89 

0.65
0.92

0.98
G

lynn (coastal) 
0.94 

0.66
1.03

1.03
Liberty (coastal) 

0.98 
0.68

0.95
1.00

R
andolph (B

elt) 
0.91 

0.55
0.94

0.94
 

C
ontem

porary D
ata 

 States w
ith individual student databases/publish by age 

• 
Florida 

• 
Texas 

• 
V

irginia 
 G

oals of project 
• 

Pilot m
ethods 

• 
C

om
pare to other estim

ates (esp. of graduation rates) 
• 

Exam
ine recent trends (high-stakes environm

ent) 
 V

irginia C
om

parisons, ‘96-97—
’97-98 and ’02-‘03—

’03-04 

Statistic 
‘96-’97 

—
’97-98 

’02-’03 
—

’03-‘04 
A

verage 7-10 net flow
 

0.007 
0.020 

Total PK
-12 enrollm

ent grow
th 

0.011 
0.015 

A
djusted net flow

, 16-19 
-0.087 

-0.069 
Proportion of School Life 14+ 
spent in 9th grade 

0.252 
0.261 

Likelihood of graduating w
ith a 

standard diplom
a, 14+ 

75.5%
 

76.3%
 

Likelihood of graduating w
ith 

other diplom
a, 14+ 

2.1%
 

5.4%
 

 
E

xtension of project to higher education…
 

 If one looks at tim
e since m

atriculation instead of ages, then these m
ethods are equally applicable to higher education. Preston (1997) 

applied a sim
ilar translation of age for grow

th-corrected cancer m
ortality. 


