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ABSTRACT  The Preece-Baines model I function, adapted for use with a
personal computer, is applied to the longitudinal growth records of Guatemalan
children and adolescents of high socioeconomic status. The fit of the Preece-Baines
function to the Guatemalan data is compared with those of published analyses of
the function fitted to the growth of British, Belgian, urban and rural Indian,
Australian Aborigine, and African children. Guatemalan, British, and Belgian
samples share generally favorable environments for human development and
show few differences in the amount and velocity of growth, or in the timing of
growth events. Urban Indians live under relatively good environmental conditions
and are similar to Guatemalans in the timing of growth events, but grow more
slowly and grow less than the Guatemalans, British, or Belgians. Rural Indian,
Australian, and African samples live in environments that delay or retard growth,
and these last-named three samples grow more slowly, delay the onset of the
adolescent growth spurt, and achieve smaller adult height than the Guatemalans.
Parameters of the Preece-Baines model are compared between all samples and
show that there are several alternate paths in the rate of growth and the timing of

adolescent growth events that may be taken from childhood to adulthood.

During human childhood and adolescence
the shape of the curve of growth of normal
individuals follows a predictable course,
both in terms of amount and rate of growth.
This regularity allows for the mathematical
analysis of the distance and velocity curves
of growth. By fitting mathematical models,
variation between individuals or groups may
be quantified and the cause of such varia-
tions may be investifgated In this paper,
longitudinal records of growth in height for a
sample of Guatemalan children are analyzed
using the Preece-Baines model I function
(Preece and Baines, 1978). The Preece-
Baines function is fitted to the longitudinal
data using a non-linear least-squares tech-
nique. The model contains five mathemati-
cal parameters. The function is particularly
useful for analyzing adolescent growth since
four of the parameters correlate with
amount or rate of growth at the onset of the
adolescent growth spurt or during the spurt.
The fifth parameter correlates with adult
height. Mathematical and biological param-
eters derived from this analysis are com-
pared with published values of the same
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parameters from European, African, Indian,
and Australian children. Variation in
growth between samples is discussed in rela-
tion to nutrition, health, and standard of
living of each population.

MATERIALS AND METHODS
Subjects

The Guatemalan sample is derived from
the Longitudinal Study of Child and Adoles-
cent Development conducted by the Uni-
versidad del Valle de Guatemala. The in-
dividuals selected for the present analysis
were students attending a private fee-paying
school, one of the most expensive in the
country. The school population includes
Guatemalan, European, and North Ameri-
can nationals. The sample selected from this
school population was limited to Guatema-
lan nationals whose parents and grandpar-
ents have Spanish surnames and high
socioeconomic status (SES; defined by pa-
rental occupation and education). This de-
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fines a Guatemalan, Hispanic ethnic group.
Both school and home environments ensure
that these children are well nourished and
healthy (Johnston et al., 1973; Bogin and
MacVean, 1982, 1983).

A total of 86 boys and 96 girls are included
in the sample. Their heights were measured,
to the nearest half-centimeter, once a year,
normally during the same week every Au-
gust. Each child had at least 8 annual mea-
surements, but most had 9 or 10. The
absolute age range for the sample from first
to last measurement is 5.0 to 17.99 years.
Measurement procedures were described by
Bogin and MacVean (1978) and generally
follow the methods of Cameron (1986). Sev-
eral technicians made the measurements.
Intra-observer reliability coefficients are
greater than 0.90, while inter-observer reli-
ability coefficients average 0.74. No system-
atic trends in the error correlations are
apparent.

he other samples used for comparison
with the Guatemalan children are described
briefly here. More detail about each may be
found in the original sources. British chil-
dren are those described by Preece and
Baines (1978) in their original presentation
of the Preece-Baines model. Exact ages of
this sample of 35 boys and 23 girls were not
given; rather, Preece and Baines describe
the sample as children who “. . . had grown
less than 1 cm during the last year of mea-
surement, and had at least two years of
measurements available before the onset of
puberty.”

The Belgian sample of 50 girls and 48 boys
were measured once a year, on or about their
birthdays, between the ages of 2.0 and 18.0
years of age. They are part of a nationally
representative sample of healthy, well-nour-
ished children (Hauspie et al., 1980a; Wach-
holder and Hauspie, 1986; Hauspie and
Wachholder, 1986). The Preece-Baines pa-
rameters used in the present analysis repre-
sent the 50th centile values for this sample
and were kindly supplied by Dr. Hauspie.

The urban Indian sample is of middle-
class Bengali children—63 boys and 42 girls.
The children were “. . . measured at regular
intervals over periods of up to 14 years,”
includinf the period from the beginning of
the adolescent spurt to the cessation of
growth. These middle-class Bengalis were
taller than the median values of Indian
growth standards, suggesting that they lived
under better than average environmental
conditions for India. However, these urban
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Indians ﬁrew, on average, between the 5th
and 10th percentile of British standards
(Hauspie et al., 1980b).

The rural Indian sample includes 47 boys
from the Hyderabad region who were diag-
nosed as suffering from “severe childhood
undernutrition”; their heights at age 5 years
averaged 4.0 standard deviations %elow the
Harvard reference values for well-nourished
children. Between 13 to 16 height measure-
ments, starting at age 5.0 years, are avail-
able for each boy (Satyanarayana et al.,
1989).

The Australian sample consists of 62 Ab-
original children (39 boys and 23 girls) from
the Northern Territory of Australia. The
children, who were between 7 and 9 years of
age at the start of the study, were measured
once each year for 10 years. The children
belong to a community that was undergoing
a transition from traditional lifestyle to set-
tlement conditions. Relative high infant
mortality (25% of live births), high childhood
morbidity, and poor growth in the first 2
years of life characterize this sample (Brown
and Townsend, 1982).

Finally, the African sample is of children
and young adults (55 boys and 62 girls)
measured between the ages of 5 and 25
years, living in two neighboring rural vil-
lages in Gambia. High rates of disease, sea-
sonal undernutrition, and infant mortality
are common in these villages. The poor stan-
dard of living is reflected in child growth
which, compared with British data, shows
“...substantial deficits in both height and
weight that develop in early life and which
appear to persist without rectification into
adulthood” (Billewicz and McGregor, 1982).

Curve fitting

The Guatemalan data were analyzed
using the non-linear optimization program
developed by Brown (1983) for fitting
the Preece-Baines model I function on an
Apple II computer. This version of the func-
tion was used since it is the only published,
Eublicly available program of the Preece-

aines model. Moreover, its development
for the microcomputer makes its applica-
tion possible in a wide range of research
environments. The Apple II version fits the
Preece-Baines function to the longitudinal
measurements of an individual through a
series of iterations, each iteration minimiz-
ing the residual error of the mathematical
parameters.

In the present analysis, 400 iterations for
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each child were run. The average value
(xSD) of the mean error sum of squares is
1.22 (1.59) for boys and 1.44 (1.79) for girls,
These values are larger than those reported
for studies using main frame computer sys-
tems (e.g., Hauspie et al., 1980a; Preece and
Baines, 1978), but still relatively small. A
Runs Test revealed no significant pattern in
the distribution of the residual errors from
the fitted curve.

Once the mathematical parameters are
calculated, the Apple II program can be used
to estimate a series of biological parameters,
such as age at “take-off” (the start of the
adolescent growth sEurt), growth velocity at
take-off, age at peak height velocity during
the spurt, the value of the peak height veloc-
ity, and other adolescent growth events.

The mean values for the mathematical
and biological parameters were calculated
separately for boys and girls. These means
were used to construct mean-constant dis-
tance and velocity curves of growth in height.
The Apple Il program estimates these curves
from the average mathematical parameters.
Since the biological parameters for the other
samples reported in the literature were cal-
culated by different algorithms and different
computers, some bias may confound the com-

arison of results between studies. To allow
or direct comparison between all of the sam-
ples of children, the mean (or median for
Belgians) mathematical parameters pub-
lished for each of the samples were used to
recalculate the mean biological parameters,
and the mean-constant curves of growth,
using the algorithms of the Apple II pro-

gram.

RESULTS
Mean parameters of growth

Mathematical and biological parameters
of the Preece-Baines model I function for
Guatemalan boys are presented in Table 1.
Also presented in Table 1 are the mean
values of the parameters for the other six
samples of boys. Table 2 contains similar
categories of data for Guatemalan girls and
the other samples of girls. In both tables the
Guatemalan and British data are compared
statistically. The British data were chosen
for comparison because these were the first
data to be described with the Preece-Baines
function and have served as the sample for
comparison in subsequent studies (e.g.,
Hauspie et al., 1980b; Brown and Townsend,
1982; Satyanarayana et al., 1989). The Stu-
dent’s t-test was used to contrast each pair
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of mathematical or biological parameters
(standard deviations for the British data
published by Preece and Baines [1978] were
used to compute these t statistics). Signifi-
cant contrasts for the boys are the mathe-
matical parameters P1, which correlates
with adult height and several biological
parameters, all relating to the adolescent
?owth spurt. Both the increment in height
rom take-off (TO) to peak height velocity
(PHV) and the increment in height velocity
from TO to PHV of the Guatemalan boys is
greater than for the British boys. The veloc-
ity of growth at PHV is greater for the Gua-
temalan boys, as is their percentage of adult
height achieved at TO and PHV. In contrast,
the Guatemalan boys have an earlier age at
TO, and a smaller percentage of adult height
at TO, than the British boys.

There are no significant differences be-
tween the Guatemalan and British girls for
any of the parameters.

The mean parameters of growth for the
other samples may be compared qualita-
tively for their similarities and differences
with the Guatemalan sample. Belgians (boys
and girls) are smaller than Guatemalans in
height at TO and height at PHV, but have a
larger height increment from PHV to adult-
hood, and both %roups achieve nearly the
same adult height (parameter P1). Urban
Indians, rural Indians, Australians, and Af-
ricans have, generally, smaller statures at
TO, PHV, and adulthood and smaller height
increments between TO to PHV and PHV to
adulthood than Guatemalans. The rural In-
dian boys, and the Australians of both sexes,
have noticeably later ages at TO and PHV
than do any of the other samples.

Population differences in the velocity and
timing of growth events

These patterns of growth, for the mean
parameters of each sample, are displayed
graphically in Figures 1 through 4. The
mean-constant velocity curves of growth for
Guatemalan, British, and Belgian boys (Fig.
1) show the later age at TO for the Britis
sample and the greater PHV for the Guate-
malan sample. Belgians have the smallest
amplitude (PHV) of the growth spurt, but
continue growing for the longest amount of
time after PHV. Guatemalan, British, and
Belgian girls (Fig. 2) differ relatively less
than do their male counterparts. However,
the Guatemalan girls have the latest age at
TO and the British and Guatemalan girls
have a PHV greater than that of the Belgian



107 = 4 1€ se[dwes YSKlIg pur UB[RWIIENL) I0] SUBIW 31} UdSMIBQ 2DUIBJJIP JUBDLIUBIG
“K310070A 1YBaY yeod ‘AHJ JJ0-93el ‘O], "S1edk Ul age ‘SI9jalUnuad Ul sjuewsioul jysny pue 1ySy BION |

arn
691 0% 19°G1 0E'v1 ¢8g1 6171 99°€1 AHd e a3y
87°8)
eVl 10°6L 99°GL c1'sL 6v'LL 09°6L «99°LL Ol 8 14318y 3npe y
(692 143y ynpe-AHd
IL%1 44t 8191 1061 o1°LT 00°G1L #1491 juawaiout Jydey
QLo
99°¢ ¥ey 06'¢ S6°¢ 69’ (4% 7 LSV O.L 78 A1100]9A
asmn
£6'9 69701 19°L ¥8'8 194 ¥e8 vmmm.mv AHd e £100[9A
8T'1T
0ggl 080T 9e°11 2901 S6'6 GL01 *mo.ovﬁ 0Ol 1e 23y
or'1
6616 £E°16 LL'68 ¥6'06 €06 17’16 x85°06 AHd 18 1431y Jmpe %
66°T) AHd-OL
8€¢ g9 19'¢ 68V ¢6C oLe =96’V JUBWBIOUL AJ100[0 A
G6'¢) AHd-OL
[44V4 1216 BY'CG G616 L97¢a ¢9°0g «16°G% JuslRDUL 1YY
619
79°GeT 009¢1 19611 97621 ¢8'9¢T 86'8¢1 9GLET Ol 18 1y3pYy
(08¢)
90°9¢1 L9t 66'1F1 17051 149691 09641 LY 091 AHd 1 8y
saajewered
eordoorg
F11)
1891 0g¥v1 90'91 19°¢1 8€P1 0971 POVl ad
810
801 Ge'r Y01 08’1 01 ¥e'l 8¢'T ¥d
0z°0)
600 170 60° 60°0 01°0 110 170 gd
L6
¥1'691 L9651 9g'av1 Or'Est LL 891 06291 6L°€91 od
(€Z7)
LLOLT EIGLT LT1°8GT GL'99T T19°9L1 09%LT «8TLLT 1d
srojewresed
[eonBWaYIeA
(GG = v 6e =1 Ly =u) (€9 = u) 8y =uw Ge=u (98 = w
uedOLyy uelRIISNY uripuy uripuj ueidlegq ysnug ug[RUIIENY)
[eany ueqin)

((1%91 2y7 w1 pauwdxa sv woiFoud [T apddy

aYy1 £q pandwo sangpa 1Y) SK0q UDILLY PUD ‘UDYDIISNY “UDIPU [DINL “UDIPU] UDQUN ‘YSHLIG “UDISISE 0] SUDIW PUD ‘(SUO1IDINIP
PIDPUDIS) PUD SUDIU ‘SKOQ UDJDULIONE) L0f UOLIOUNS | (2P0 SIUIDG-20204d 21} JO sua1own4nd [DI1F0]01q pUD [DORDWIYIW [ TV



"Ayofaa 1ydey yead ‘AHJ ‘JJ0-0¥e) ‘()] 'SIB94 Ul ade ‘SI9PWHUL0 Ul STUdWRIOUL JYS0Y pur ySay PI0N |

Som
¥8'El 9611 oVl [ 06°T1 mo.mvﬁ AHd 18 98y
(10°¢
6£°08 L88L LL6L 61°6L (4472 €8°6L Ol 7e 143819y ynpe
€19 WSy npe-AHd
89°€1 VLVT 1e¢el 6691 00°61 LIVl JuswIRIdUL 1y 3o
Lo
{14 erg [42 4 Leg ye's 487 0L 18 A1100[9A
@rn
909 67’8 gc'L 849 6v'L Amws AHdJ e L1001
G6°0)
L2001 16'8 LE6 LE8 688 Aoo.mv 0l 1e 28y
9T'1T
8€°16 G6°06 €216 £0'06 ¢8°06 1016 AHd 1@ 1Y3ry Jnpe
(92°1) AHd-OL
10C 9¢°¢ £9C 1871 92'¢ 1.2 juewRIdUT £71002
{(£8€) AHd-OL
Sv'LT 6961 68°LT L°LT €981 Amm.m: juswaIdUL JYSOH
LLY)
c9LET 06821 LO'TGL GE'66T LL'681 16621 0Ol 1e 1y
S1%)
LOGYT 0G'871 9861 90°LYT 4141 E18¥1 AHd ¥e 143wy
sioppwreied
[eat3ojorg
@on
JAZ 4! 8¢°C1 0601 LE'gl 6Vl 09'¢1 ad
(€1°0)
701 [45m¢ 92’1 660 8T'T €21 ¥d
(¢o'0)
1r°o gro €10 gT°0 e1o €10 ed
(GEv)
08'8r1 6L TGT 06'T¥1 09241 07261 9T 14T ¢d
(G0°g)
GL'8GT ¥6°691 LL1G1 Ge'e9t 0¥7°€91 ¢8'¢91 1d
siajowesed
[eorBWAY IR
(9 =1 gz =w (g =) (0g = w €z =w 96 =W
uBoLyyY ue[RIISNY uetpu] ureldjog ysnuyg urewaleny)

ueqin)

[f1x31 2y7 w1 paurvjdxa so woigoud [T apddy
ay1 £q pandw0d sanppa 1Y) $]418 UDOLLYY PUD ‘UDYDLSNY ‘UDIPU] UDQL) YSHIIG ‘UDIT]IG 10f SUDIW PUD ‘(SU0HDINP
PIDPUDIS) PUD SUDIW ‘S41E UDJDWDIONL) L0f UOHIUN] [ 12POW SFUIDG 20234 2Y] [0 sid1pwinind [02150701Q puv JDIUVWYIOW ¢ ATV



276

- Br

B. BOGIN ET AL.

— Gu

Height velocity (cm/yr)

5 10

Age (years)

Fig. 1. Height velocity by age for Belgian,

Br=British; Gu=Guatemalan).

British, and Guatemalan boys (Be=Belgian;

— Gu
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2. Height velocity by age for Belgian, British, and Guatemalan girls (Be=Belgian;

F%
Br=British; Gu=Guatemalan).

girls. Despite these differences in patterns of
owth, all three groups of girls achieve sim-
1lar estimated mean adult heights.

In Figure 3 the mean-constant growth
velocities for boys from the Guatemalan
sample are compared with mean-constant
velocities of the urban Indian, rural Indian,
Australian, and African samples of boys. In
Figure 4 the mean-constant velocities for

irls from the urban Indian, Australian, and
rican samples are compared with those of
Guatemalan girls.

Although the timing of growth events (e.g.,
TO and PHV) of the urban Indian sample is
not much different than that for the Guate-
malans, urban Indian growth velocity is
smaller at all ages. This combination of tim-
ing and velocity results in the urban Indians,
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Fig. 3. Height velocity by age for Australian, urban Indian, rural Indian, Guatemalan, and
African bogrs (Au=Australian; Ul=urban Indian; Rl=rural Indian; Gu=Guatemalan;

Af=African

—= ul

— Gu —— Af

Height velocity (cm/yr)

Age (years)

Fig. 4. Height velocity by age for Australian, urban Indian, Guatemalan, and African girls
(Au=Australian; Ul=urban Indian; Gu=Guatemalan; Af=African).

both boys and girls, having relatively small
estimated aduﬂ] heights. For rural Indian
boys and African boys and girls, the age at
TO is delayed relative to all the other groups.
Likewise, the PHV of the rural Indians and
Africans is considerably smaller than that of
the other samples. Despite their smaller ve-
locity of growth during childhood and, espe-
cially, at adolescence, the rural Indians and

Africans have a longer period of childhood
and adolescent growth (note that the Preece-
Baines function estimates that growth
continues beKond age 20 years). The pro-
longation of the growing period compensates
somewhat for the reduceg velocity in growth,
and results in an estimated mean adult
height for the African men and women that
is greater than the estimated mean adult
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height of the urban Indians. However, the
prolongation of childhood and adolescent
growth of the rural Indian boys does not
compensate for low growth velocities, and as
adults the rural Indian men do not appear to
catch up in size to the urban Indian men,

The velocity curves for the Australian boys
and girls have an unusually large amplitude
for the adolescent growth spurt. The large
PHYV is likely to be a real phenomenon since
it is noted in graphic analysis of the actual
height measurements (as well as in fitted
curves such as the Preece-Baines function)
and in several studies of Australian Aborigi-
nal growth (Brown and Townsend, 1982).
Height velocity during childhood for both
Australians and Guatemalans appears to be
similar. However, the Preece-Baines esti-
mates for the Australian early childhood
velocities (e.g., up to age 7) may be incorrect
since the growth data for the Australians
begin at age 7 years. Brown and Townsend
(1982) report that growth during infancy and
early chii)dhood is delayed in this sample of
Australians, and suggest that the rapid ac-
celeration in growth that occurs in late child-
hood and adolescence may represent a
“catch-up” in velocity following the early pe-
riod of growth retardation.

Population variation in sexual dimorphism

Table 3 presents the differences between
men and women in estimated adult height
for the six samples that include both boys
and girls. The table also gives three compo-
nents of the total difference in adult sexual
dimorphism in height: 1) the sex difference
in “adolescent gain,” 2) the sex difference in
“height at girls’ age of TO,” and 3) the sex
difference in height “due to boys’ delay in
spurt” (i.e., the boys’ longer period of child-
hood growth prior to take-off).

B. BOGIN ET AL.

Guatemalans and urban Indians have the
largest sexual dimorphism in adult height.
For the Guatemalans, most of this dimor-
phism is due to the boys’ delay in the onset of
the spurt and to the difference in adolescent
gain. However, for the urban Indians rela-
tively more of the adult sexual dimorphism is
due to the difference in height between boys
and girls at the girls’ age of TO. In this
component both the Guatemalans and the
urban Indians are different from the other
groups, each of which shows a tendency for
relatively little sexual dimorphism in height
during childhood. The two groups with the
greatest sexual dimorphism in adult height
also show clear sexual dimorphism at the
end of the childhood period of growth. More-
over, the Guatemalans are, on average, the
tallest population and the urban Indians are,
on average, the shortest population (ex-
cluding the rural Indian boys). Sexual di-
morphism, therefore, is a phenomenon in-
dependent of absolute size.

Differences in the relative contribution of
each component to sexual dimorphism in
adult height cannot be ascribed simply to
overall differences in living conditions. Afri-
cans and Australians, who share generally
adverse environments for growth, show
unique contributions of each component to-
ward final dimorphism. Another anomaly is
the negative value of the contribution of
“height at girls’ age at TO” in both Belgians
and Australians. In contrast to the other
samples, boys in these two groups are, on
average, somewhat shorter than girls at the
end of the childhood period of growth.

Correlations between biological parameters

Correlations between the biological pa-
rameters of the Guatemalan samples are
resented in Table 4. The mean values of the
Eiolog"ical parameters are useful for describ-

TABLE 3. Differences between men and women in estimated adult height and growth during adolescence for all
samples of children (All differences calculated as male value minus female value)

Differences {cm)

Adult Adolescent Height at girls’ Due to boys’
Samples height gain age at TO delay in spurt
Guatemalan 14.36 6.71 1.28 6.87
British 11.20 1.89 0.84 8.37
Belgian 13.26 5.76 —0.16 7.66
Urban Indian 13.95 5.56 3.63 4.76
Australian 9.19 1.69 —1.16 8.66
African 12.02 4.00 0.21 7.81
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TABLE 4. Correlation between biological parameters for Guatemalans: Coefficients for boys are above the
diagonal and coefficients for girls are below the diagonal

1) 2 (3) (4) 5) (6) (7
(1) Age at TO — 0.85* 0.32* 0.12 0.02 —0.35% —0.16
(2) Age at PHV 0.84* — 0.19 0.20 —-0.37* -0.26 0.11
(3) Height at TO 0.27 -0.02 — 0.78* -0.14 —0.65* 0.25
(4) Height at PHV —0.08 —0.06 0.63* — —-0.13 —0.31 0.79%
(5) Velocity at TO —0.49* —0.72* 0.11 0.08 — —0.04 —0.06
(8) Velocity at PHV —-0.54% -0.21 —0.54* 0.14 0.19 — 0.06
(7) Parameter P1 —0.19 0.02 0.39% 0.91* 0.21 0.30 —

*Denotes significance at P = 0.01.

ing central tendencies within samples and
for population comparisons. The analysis of
correlations is better suited for understand-
ing the patterns of growth of individual boys
and girls within the sample. Both boys and

irls have significant positive correlations
%.éztween age at TO and age at PHV, height at
TO and height at PHV, and height at PHV
and parameter P1 (estimated adult height).
These relationships indicate that during the
adolescent period of growth individual chil-
dren are consistent in their rate of matura-
tion and in size, a finding common to other
R‘opulations (Hauspie, 1980; Brown and

ownsend, 1982; Bogin, 1988, p. 35). Both
boys and girls show significant negative cor-
relations between age at TO and velocity at
PHV, height at TO and velocity at PHV, and
velocity at TO and age at PHV. These corre-
lations are also common to many other pop-
ulations (Bogin, 1988).

The Guatemalan children show some dif-
ferences, by sex, for the correlations between
biological parameters. Girls, but not boys,
have a significant negative correlation be-
tween age at TO and velocity at TO, and
a significant positive correlation between
height at TO and parameter P1. Boys, but
not girls, have a significant positive correla-
tion between age at TO and height at TO.
The causes of the differences between boys
and girls for these correlations are not
known.

DISCUSSION
Curve fitting

The use of the Preece-Baines model I,
adapted for the Apple Il microcomputer, pro-
vides a useful means for the analysis of
longitudinal growth data. Both new data for
the Guatemalan sample and published data
for the other six samples were analyzed and
compared efficiently. Of course, the Apple II

microcomputer is not a replacement for
mainframe systems or larger and faster mi-
crocomputers. Indeed the Apple II program
produces results that differ from those ob-
tained with mainframe systems. Primarily,
the differences are for the “robustness” of the
program to fit the data adequately and the
residual error estimates between the origi-
nal data and the fitted curve. Dr. Hauspie, of
the Free University of Brussels, kindly ap-

lied his mainframe version of the Preece-

aines model I program to ten cases from the
Guatemalan sample. The mainframe pro-
gram was not able to produce acceptable
itted curves for four of the ten cases. The
mean residual sum of squares for the six
fitted cases was 0.37 (+0.33) compared with
0.78 (+0.90) for the ten cases fitted by the
Apple II program (significantly different at
P = .03). There were no significant differ-
ences between mainframe or microcomputer
estimates of the mathematical or biological
parameters. Thus, the mainframe program
produced a better fit, in the sense that the
residual errors were smaller, but both pro-
grams produced virtually identical parame-
ter estimates. Moreover, the Apple II
program was able to fit adequately all ten
cases of longitudinal data.

Another way to evaluate the usefulness of
the Apple II program is to compare the mean
biological parameters for the Australian
sample computed by a mainframe system,
published by Brown and Townsend (1982),
with the mean biological parameters for the
Australians from Tables 1 and 2 of the
present report. Since Brown (1983) devel-
oped and published the Apple II program
based on his experience with the Preece-
Baines function on a mainframe, this com-
parison may be the best “acid test.” The
Apple II program overestimates the values
for some parameters and underestimates
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the value of other parameters. However, the
differences between mainframe and micro-
computer estimates are small and most
would be undetectable if the values were
rounded to the nearest whole number.

It is important to state that the Preece-
Baines model [ function is an abstraction;
that is, the model is a numerical formula for
forcing a particular mathematical curve to
fit a set of data points. The model curve is not
the real pattern of growth of the individual
child or sample of children; actual growth
measurements define the real pattern of

owth. Thus, differences between main-
rame and microcomputer applications of the
model may be more a product of hardware
and software configurations than “right” or
“wrong” approaches to growth modeling.
Given the results of the present analysis,
and the comparisons of these results to those
for the mainframe, we agree with Brown’s
(1983) statement that the microcomputer
program provides estimates of the parame-
ters that are acceptable for both educational
and research purposes.!

Population comparisons

One major benefit of the mathematical
modeling of growth is that it allows for pre-
cise, quantifiable comparisons between pop-
ulations. This is of great importance to
human biologists when testing hypotheses
about the determinants of population varia-
tion in amount and rate of growth. Mathe-
matical precision also enables public health
workers and clinicians to evaluate the conse-
quences of programs and treatments de-
signed to improve human development.

Previous work by Brown and Townsend
(1982) and Satyanarayana et al. (1989) com-
pared mean parameters of the Preece-
Baines function for the Australian, British,
urban Indian, rural Indian, and African
samples. The present analysis extends the
comparison of parameters to Belgian and
Guatemalan samples. Comparison of the fit-
ted curves shows that there are several
paths that may be taken in growth from
childhood to adolescence. The Guatemalans,
Belgians, British, and urban Indian sam-
ples, all from “better” environments for phys-
ical development within their nations, follow

1A translation of the Apple II program to the MS8-DOS com-
puter environment (e.g., IBM compatible machines) should be
available by the time this paper is published. Inquiries may be
addressed to Dr. Bogin.
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similar patterns of growth in terms of the
timing of adolescent growth events, al-
though they differ significantly in amounts
and rates of growth. The only consistent
difference between these four groups is that
the Guatemalans have a larger peak height
velocity (PHV) than the other samples. One
may speculate that the differences in stature
between these groups have some genetic
cause.

The rural Indian, Australian, and African
samples live under adverse environmental
conditions for human development. Their
mean parameters reflect this in the smaller
velocities of childhood growth, smaller PHVs
(excef)t for the Australian’s PHV), and
smaller heights achieved at take-off, PHV,
and adulthood compared with the Guatema-
lans, British, and Belgians. Despite the
adolescent “catch-up” in growth velocity of
the Australians, they remain significantly
shorter than Guatemalans as adults. Aus-
tralians do not differ significantly from Brit-
ish in mean adult height (Brown and
Townsend, 1982), and it is estimated that
the Australians end up taller than urban
Indians as adults. Perhaps the combination
of traditional lifestyle and “welfare state”
conditions under which this sample of Aus-
tralian Aborigines lived failed to provide a
favorable environment for growth to infants
and young children (Brown and Townsend
report high morbidity and mortality in the
birth to five year old age group), but did meet
the growth needs of older children and ado-
lescents.

Rural Indians and Africans appear to have
lived under continuously poor environmen-
tal conditions for growth. The authors of the
original reports for these two samples note
clear evidence of chronic undernutrition and
high morbidity. Malnutrition and disease
are major causes of growth failure. Although
both the rural Indian and African children

ow for a longer period of time during ado-
escence, they never recoup the significant
difference in height that developed during
childhood between them and the Guatema-
lan, Belgian, and British samples.

Another indication of the impact of malnu-
trition and disease on growth may be seen in
the correlations between the biological pa-
rameters of the Preece-Baines model. It is
well known that the early maturing child
tends to have a more intense adolescent
growth spurt, but of shorter duration, than
the late maturing child (Boas, 1930; Largo
et al., 1978). Hauspie (1980) found that
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across populations this tendency varies
widely (r = —0.05 to —0.75). For Guatema-
lan, American, British, Swedish, and Swiss
children, the correlations fall toward the
high end of this range (Hauspie, 1980; Bogin,
1988, p. 35), while for Australians (Brown
and Townsend, 1982), urban Indian (Haus-
pie, 1980) and African (Billewicz and McGre-
gor, 1982) the correlations are smaller,
though still negative, and not always signif-
icant statistically. One interpretation of
these findings is that in healthy and well-
nourished populations the endogenous bio-
logical regulation of the timing and rate of
growth is more strongly expressed than in
populations suffering from a greater dei‘ree
of undernutrition and disease, both of which
impose limitations on growth.

he analysis of the Guatemalan growth
data and their comparison with those of
other samples of children and adolescents
from around the world show that there are
several alternate paths of development that
may be taken from childhood to adulthood.
Differences in amount of growth, rate of
growth, and the timing of adolescent growth
events define these paths. These alternate
1grrowth trajectories, which are clearly corre-
ated with the nutritional and health envi-
ronment, are major determinants of popu-
lation differences in adult size.
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