International Journal of
Strength and Conditioning

Sciberras, K., Deakin, G. B., Alsop, A., & Bird, S. P. (2024). Does Place of Birth Affect the
Anthropometric and Performance Characteristics of Papua New Guinean Athletes?
International Journal of Strength and Conditioning

https://doi.org/10.47206/ijsc.v4i1.245

Does Place of Birth Affect
the Anthropometric and
Performance Characteristics
of Papua New Guinean

Athletes?

Kieran Sciberras'?*, Glen B. Deakin', Aaron Alsop? and Stephen P. Bird?

'Sport and Exercise Science, James Cook University, Cairns, Australia, °Papua New Guinea Sports Foundation, Port Moresby, Papua New Guinea,
3School of Health and Medical Sciences, University of Southern Queensland, lpswich, Australia

*Corresponding author: kscib4@gmail.com

ABSTRACT

Previous research has indicated that region of origin
may influence the anthropometric and performance
characteristics of an individual. The aim of this
study was to determine the anthropometric
and performance characteristics of Papua New
Guineans and examine the relationship with the
region of origin. 1176 Papua New Guinean athletes
(666 males/510 females) aged between 14 and
39 years old completed anthropometric testing
(height, seated height, arm span, body mass, body
mass index), performance testing (sit and reach,
medicine ball throw, vertical jump, lllinois agility,
5m/20m sprint, 60 second push-up/sit-up, multi-
stage fitness test) and a heritage questionnaire
(participant’s place of birth). Participants that
met required criteria were categorised by ages
groups (15-17 years, 18-20 years, 21-25 years
and 26-30 years), sex (male and female) and by
birth province (National Capital District, Morobe,
Central, Sandaun, East Sepik, East New Britain,
West New Britain and Milne Bay) before statistical
analysis. Significant differences between birth
provinces of participants were found for all tested
anthropometric and performance characteristics
(p<0.05), except for the leg length and lllinois
agility test. Significant differences (p<0.05) were
also found for all but one (body mass index) tested
characteristics between the two sexes. Analysis
of age indicated a significant difference for tested
characteristics between age groups (p<0.05).

Further analyses revealed that while birth province
had an effect on some characteristics, sex and age
demonstrated a significant and larger influence.
Consequently, whilst there may be an association
between the region of origin and anthropometric
and performance characteristics of Papua New
Guinean athletes, other variables such as sex and
age also significantly influence anthropometric and
performance characteristics.

Keywords: Talent identification, athletic
performance, Pacific sport, sport performance,
Papua New Guinea

INTRODUCTION

Historically, there has been constant discussion
as to whether people are born with talent or if it is
developed through different training interventions
(1). Recently, it has become apparent that a variety
of factors can influence a person’s ability to excel
athletically (2). Regardless of the sport that is
chosen one characteristic that all sport requires is
athletic talent. Athletic talent is the ability of a person
to perform tasks related to their sport (3). Athletic
talent is influenced by primary and secondary
factors (4), these factors are vital for performance
in sport. Primary factors are those, which the athlete
contributes to their own performance (e.g. genetic
influence, place of birth), whereas secondary
factors are attributed to external sources (e.g. social
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and environmental factors) (4, 5).

Previous research has highlighted the roles
that primary and secondary factors play in the
development of athletic talent (6, 7). A study
conducted on elite Kenyan distance runners
concluded that a majority of National and
International runners were born within the Rift Valley
region and belonged to a specific ethnic group and
sub-tribe within the region (6). Furthermore, in 2016,
researchers Irving and Bourne determined that a
combination of factors including genetics, family
heritage, social determinants, environmental factors
and place of residence improved chances of being
selected for elite games and winning medals for
Jamaican athletes (5). Two methods of determining
the level of a person’s athletic talent are 1) Talent
identification (TID); and 2) Talent detection (TD). TID
is defined as the identifying of current participants
with the potential to excel in a certain sport (8)
whilst TD is the discovery of potential athletes
who are not currently involved in the sport (9).
Typically, TID/TD programs involve administration
of tests focusing on a combination of physiological,
physical, anthropometric and/or technical attributes
amongst designated sex and age groups (10). The
goal of these programs is to find persons who have
displayed athletic talent and provide them with the
opportunity to excel within a sport or in a role within
asport (11, 12).

Examples of TID/TD programs can be seen all
over the developed world, such as Qatar's Aspire
Academy (13) and Australia’s National Talent
Search (NTS) program conducted in the lead up to
the 2000 Sydney Olympics. The NTS examined and
tested children aged between 14 and 16 for body
size and athletic talent. The program was seen
as a great success as Australia took home 3.03
medals per every million citizens (14). This leads to
the question, could such a successful program be
replicated in a Pacific Island country as diverse as
Papua New Guinea (PNG)?

PNG has a population of over seven million people
spread throughout 22 different provinces (15). The
country has a diverse geography with landscapes
varying between high altitude mountainous regions
and low altitude coastal regions (16). Even more
diverse than the geography of the country is its
language base, with over 900 spoken languages
and dialects (17). In a country with different
environmental communities (cities, mountains and
seaside), varied genetic backgrounds and unique
cultural-social structures, there could be a diverse

range of athletic talent. Research in the fields of TID
and TD has not yet been conducted in PNG, more
specifically, the anthropometric and performance
characteristics of people from different regions
within the country are yet to be determined. As PNG
does not have the same resources and funding of
athlete development and identification as developed
countries, it would be of significant benefit to know
which areas of the country host specific types of
athletic talent to target future investment. Due to
the varied genetic and environmental influences,
cultural beliefs and a range of other already
discussed factors linked to an athlete’s place of
birth or region of origin, there are potentially a
large number of undiscovered potentially talented
athletes in PNG.

Therefore, the two primary aims of the current
study were to: 1) examine anthropometrics and
performance characteristics of Papua New Guinean
athletes and community dwelling persons; and 2)
determine whether there is a relationship between
the anthropometric and performance characteristics
and the participant’'s region of origin. It was
hypothesized that participants from certain regions
in PNG will display anthropometric and performance
characteristics specific to those regions.

METHODS
Participants

One thousand, one hundred and seventy-six (1176)
male (56.6%) and female (43.4%) participants
aged between 14 and 39 years old participated
in the study. Participants ranged from novices
and provincial level athletes through to national
representatives. All participation in this project was
voluntary. Prior to the start of any data collection,
participants, legal guardians and community
leaders were briefed on the project by the principal
investigator who outlined the aims, protocols and
significance of the project. All participants and
guardians completed informed consent forms and
health and screening questionnaires, with only
those deemed healthy and able by qualified Sports
Medicine professionals, allowed to participate. The
study was approved by the James Cook University
Human Research Ethics Committee.

Heritage Questionnaire

All participants completed a heritage questionnaire,
similar to that used in a prior heritage study (5).
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Participants were required to answer the following
questions, which were written in English and PNG’s
national language of Tok Pisin:

1. In which village/town and province were you
born?

2. In which village/town and province did you
spend most of your childhood?

3. In which village/town and province was your
mother born in?

4. In which village/town and province was your
father born in?

5. Where do you currently live (village/town and
province) and how long have you lived there?

Testing Session Structure

Fitness testing sessions consisted of a battery
of tests completed in the order of least fatiguing
to most fatiguing. The test order consisted of
anthropometric, flexibility, power, agility, speed,
muscular endurance and aerobic endurance
measurements for all sessions. After the completion
of the anthropometric measurements, participants
completed a standardised 10-minute warm-up
consisting of light jogging, basic warm up drills (e.g.
high knees, side steps) and dynamic stretching (e.g.
leg swings, arm circles). For all performance tests,
participants were given a practice attempt (e.g. two
push-up repetitions to check form, lllinois agility
test run through) before completing their recorded
attempts. All testing sessions were completed within
one day, with testing sessions conducted in various
towns and communities over a 12-month period.

Anthropometric Measurements

Anthropometric measurements for height, seated
height, body mass, arm span and body mass index
(BMI) were recorded using a stadiometer, electronic
scales and a tape measure, respectively (18). To
measure height, the participant stood erect in bare
feet with heels, buttocks and shoulders pressed
against the stadiometer. The participant took a deep
breath in and stood as tall as possible, while the
measuring bar was moved down to the participant’s
head and height was recorded to the nearest 0.1cm.
Following this, the participant sat with their knees
slightly bent and hands rested on their knees. The
buttocks and shoulders were pressed lightly against
the stadiometer (HART Sport, Aspley, Australia),
and once seated fully upright, the participant took
a breath in and the measuring bar was moved
down to the participant’'s head with the height
recorded to the nearest 0.1cm. To measure body

mass, participants wore sports clothing and stood
in bare feet on electronic scales with body mass
recorded to the nearest 0.1kg (Tanita Corporation,
Tokyo, Japan). Finally, participants were required
to lay supine on the ground with their shoulders
in line with a floor mounted measuring tape. With
arms extended laterally, one arm reaching as far as
possible and the other aligned with the beginning
of the tape, the distance between the two tips of the
middle fingers was measured to the nearest 0.1cm
to indicate arm span (adapted from Simmons; 18).

Flexibility and Power Testing

Flexibility of the hamstrings, trunk and hip joints
were assessed through use of the sit and reach
test. During this test, the participants removed their
shoes before placing their feet against the sit and
reach apparatus. Participants then reached as far
forward as possible, with the most distant point
reached with the fingertips being held for three
seconds. The best of three attempts was recorded
to the nearest centimetre (19). Upper body power
was assessed using a medicine ball chest throw
(Mb throw). For this test, participants stood upright
with their feet together and heels touching the wall.
Participants had three attempts to throw a four-
kilogram medicine ball as far as possible without
their knees bending or feet breaking contact with
the ground or the wall. Distance was recorded to
the nearest 0.1 metres (20). Lower body power
assessment was conducted using a vertical jump
device (Swift Performance Yardstick, Northbrook,
IL). The participant’s vertical reach was recorded,
after which they completed three singular maximal
countermovement jumps, with the highest result
recorded to the nearest centimetre. To determine
vertical jump height, the difference between the
participant’s reach and highest jump height was
calculated (21).

Agility and Speed Testing

The lllinois agility test was used to measure each
participant’s change of direction speed. This test
involved participants running up and down a 9.14m
track on a suitable surface (e.g. court, running track
or grass) before weaving in between four evenly
spaced cones as fast as possible (22). Participants
were allowed three attempts and were timed by test
administrators using a handheld stopwatch, with
their quickest time recorded. To ensure consistency
of recorded results, the same test administrator was
used for all attempts. Speed was measured using
electronic timing gates (Fusion Sport, Brisbane,
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Australia). Participants were required to begin
from a staggered start, behind the pre-determined
start line before sprinting 20 metres (m) as fast as
possible between the electronic timing gates. Gates
were set up at the start line, the 5m and 20m mark
to allow recording of times over the 20m (23). Three
attempts were allowed, with the fastest times for the
5m and 20m segments recorded.

Muscular Endurance Testing

The two tests used to assess muscular endurance
were the 60-second push-up test and the 60-
second sit-up test. For the push-up test, participants
were required to complete as many push- ups as
possible in a 60-second period. Only full push-ups
with proper form were recorded, the participant’s
wrists were placed directly under their shoulders
and participants were on their toes. To complete
a full push-up the participant’s chest was required
to touch a foam block that was 9.5cm from the
ground. Following this, elbows had to reach full
extension for each repetition to be recorded. If
the knees touched the ground at any time during
the test, the timer would be stopped, and the test
would cease. Participants were only allowed one
attempt, with the number of completed push-ups
performed being recorded modified from Harman
(21). As with the push-up test, participants were
given 60 seconds to complete as many sit-ups as
possible. This test involved a partner holding the
participant’s feet, while the participant performed
their sit-ups. To complete a sit-up the participant
started with their hands resting on the side of their
head, laying on their back with their elbows pointing
out. The participant then flexed at the torso and
rotated so that their elbow touched the top of the
opposite knee at the top of the movement. The
participant then returned to the starting position,
completing one repetition before completing the
same movement, this time with their other elbow
touching the opposite knee. Once 60 seconds had
finished, the number of full sit-ups completed was
recorded (22). All repetitions were monitored by the
research data collection team.

Aerobic Endurance Testing

The multi-stage fitness test (MSFT) was used to
assess the aerobic capacity of participants. This
test required the participant to run back and forth
over the 20m course, touching the line at or before
an audio signal was played through a speaker.
The frequency of the sound increased as the test
progressed. One attempt of this test was allowed,

and the test was completed when the participant
was no longer able to keep pace with the signal
played on the audio file (24).

Statistical Analysis

Although further data was collected during the
heritage questionnaire, only place of birth (province)
has been analysed within this study. This is partially
due to the previously established relationship
between place of birth and anthropometric and
performance characteristics (4,5,6) but also due
to the large number of participants tested and the
amount of data collected within the study.

Data were entered into the statistical package
SPSS for windows (Version 25; Statistical Package
for Social Science, Chicago, IL), which was utilized
for all statistical analyses. Descriptive statistics are
displayed as mean (x SD) for numerical variables
and percentages for categorical variables. For
all statistical analyses, an alpha level of 0.05 was
set. It was necessary to apply participant selection
criteria due to the disparity between the number of
representatives within some provinces (e.g., Hela
province, n=2, National Capital District, n =492)
and age groups (low participant numbers for ages
below 15 years old and between 31-39 years old).
Consequently, only participants a) aged between
15-30 years old and b) born in a province with
a sample size of 30 or more were accepted for
analysis.

Thus, the number of participants was reduced to
eight hundred and fifty-six (856) aged between 15
and 30 years old. The 856 (Male: 58.2%, Female:
41.8%) participants were born in the provinces of
National Capital District (NCD, n= 412), Morobe
(n=140), Central (n=84), Sandaun (n=31), East
Sepik (ESP, n=53), East New Britain (ENB, n=51),
West New Britain (WNB, n=53) and Milne Bay (MB,
n=32). Data was placed into four pre-determined
age groups (15-17 years old, 18-20 years old, 21-
25 years old, 26-30 years old) and arranged by the
participants’ birth province (NCD, Morobe, Central,
Sandaun, ESP, ENB, WNB and MB).

For subsequent descriptive analyses, associations
between two categorical variables were assessed
by exact versions of chi-square tests. Percentages
were used to display categorical variable of
sex, with the ratio of male to female participants
presented. Numerical data were described
by means and standard deviations since the
underlying distributions proved to be normal. Test
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comparisons between one categorical (i.e. birth
province, age group or sex) and one numerical
variable (i.e. anthropometric or performance
results) were conducted using one-way Analysis
of variance (ANOVA) models. Post hoc tests with
Bonferroni pairwise adjustments were then used to
test for significant differences for anthropometric
and performance variables between specific age
groups.

Prior to bivariate and multivariate regression
analyses, provincial groups were further divided into
tiering based on participant numbers within each
province. Provinces with the largest sample sizes
(n>83; NCD, Morobe and Central) were classified
as Tier 1, whereas the remaining provinces (n<54;
Sandaun, ESP, ENB, WNB AND MB) were classified
as Tier 2. For all regression analysis in the Tier 1
classification, NCD was used as a baseline as it had
the highest number of participants. Tier 2 provinces
were not considered for regression analyses, as the
sample sizes were not sufficiently large enough to
enable multivariate modelling. Bivariate analysis
was conducted to determine the effect of birth
province on tested anthropometric and performance
variables. Multivariate analysis was then used to
account for likely confounding caused by the other
independent variables of age and sex. As this
article aims to determine the effect of birth province
on anthropometric and performance variables, only
variables found to have an interaction with birth
province are displayed in the results.

RESULTS

Age, anthropometric and performance
characteristics by birth province

No significant difference was found for the
characteristics of leg length (p=0.36) and lllinois
agility performance (p=0.235) across the eight birth
provinces (Table 1). A significant difference across
provinces was found for sex, age and all remaining
anthropometric and performance tests (Table 1,
0<0.05).

Anthropometric and performance characteristics by
sex and age group

A significant difference was found between sexes
for all tested variables (p<0.001), with the exception
of BMI (p=0.933) (Table 2). A significant difference
was found across the four age groups for sex and
all anthropometric and performance characteristics

(p<0.05, Table 3). Post-hoc Bonferroni analysis
indicated multiple significant differences for tested
variables between the four specific age groups as
indicated in Table 3.

Bivariate and multivariate analysis of anthropometric
and performance characteristics by birth province,
age group and sex - Tier 1 provinces

Results from the bivariate and multivariate linear
regression analysis for Morobe vs. NCD (baseline)
and Central vs. NCD (baseline) are displayed in
Table 4 and Table 5, respectively.

Bivariate linear regression was used to predict
body mass, BMI, Mb throw distance and 5m and
20m sprint times based on a participant being born
in Morobe rather than NCD. Using Mb throw as an
example (Table 4), an R? value of 0.029 (2.9%) was
found and it was predicted that for every participant
born in Morobe, a throw of 0.36m farther than
those born in NCD would be recorded (p<0.001).
To control for potential confounding factors of age
and sex, multivariate regression was used. When
analysed with age group and sex, the birth province
effect of 0.36m for participants born in Morobe
was reduced to 0.20m (p<0.001), and the R? value
increased to 0.646 (64.6%).

Bivariate and multivariate linear regression to predict
arm span, sit and reach, vertical jump and MSFT
differences based on a participant being born in
Central rather than NCD was also completed (Table
5). Using VJ as an example (Table 5), an R? value
of 0.030 (3.0%) was found and it was predicted
that for every participant born in Central, a VJ of
4.82cm higher than those born in NCD would be
recorded (p<0.001). When multivariate analysis was
used to control for potentially confounding factors
of age and sex, the birth province effect of 4.82cm
was reduced to 2.44cm (p<0.05), and the R? value
increased to 0.542 (54.2%).

The results from bivariate and multivariate linear
regression analysis (Table 4, Table 5) indicate
that the factors of birth province, sex and age
can have an effect on certain anthropometric and
performance characteristics.

Copyright: © 2024 by the authors. Licensee IUSCA, London, UK. This article is an 5
open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https:// creativecommons.org/licenses/by/ 4.0/).



International Journal of Strength and Conditioning. 2024

Does Place of Birth Affect the Anthropometric and Performance
Characteristics of Papua New Guinean Athletes?

Table 1. Anthropometrics and performance tests by birth provinces.

Birth Province

No. of miss- Central Morobe Sandaun
Variable ing partici- ENB n=51 ESP n=53 MB n=32 NCD n=412 WNB n=53 p-value
n=84 n=140 n=31
pants
Age (years) 0 215 (235) 204 (<37) 198(<37) 196(<44) 188(25) 190(s36) 220(236) 195(230)  p<0.001
f’/e;‘ male/female 12 67.9%/32.1% 56.9%/43.1% 73.6%/26.4% 58.1%/41.9% 67.2%32.8% 53.5%/46.5% 63.3%/36.7% 37.7%/62.3%  p=0.001
Height (m) 16 169 (+0.78) 1.67 (+0.08) 1.64(+0.07) 1.61(x0.07) 1.66(+0.08) 1.66(+0.08) 1.61(+008) 1.64(x0.08)  p<0.001
Leg length (m) 20 0.84 (0.05) 0.85(+0.05) 0.83(x0.06) 0.82(+0.05) 0.84(+0.06) 0.83(+0.06) 0.82(+0.06) 083 (+0.06)  p=0.36
64.12 61.50 60.88 54.97 58.05 61.05 63.26 60.71
Body mass (kg) 21 (+8.97) (+9.80) (£10.67) (+8.09) (+8.50) (+10.69) (£12.64) (+8.40) p<0.001
BMI (kg/m?) 29 023 (+2.4) 219(x2.8) 227 (+33) 211(s27) 21.0(s25) 222(«33) 0244 (+44) 227 (+25)  p<0.001
Arm span (m) 15 178(£0.11) 1.74(+0.11) 1.72(+0.10) 1.70(x0.08) 1.74(+011) 1.74(+0.11) 1.73(0.11) 1.74(x0.09)  p=0.004
(Sé:na;”d reach 28 10.8(x6.7)  83(x67)  7.3(x7.1)  97(x78)  6.4(x78)  66(£7.2)  95(x7.3) 11.9(x7.3)  p<0.001
Vertical jump (cm) 171 546 (+101) 502(+10.2) 555(+9.4) 532(+122) 532 (+105) 497 (+107) 531 (+11.9) 49.4(s7.9)  p<0.001
Mb throw (m) 41 433(+0.85) 4.45(+110) 430 (x0.81) 3.87 (x0.80) 447 (+0.92) 4.12(+090) 4.24(+098) 351(+0.73)  p<0.001
linois (s60) 72 15.86 16.05 15.88 15.84 15.09 16.07 15.86 16.18 o035
(+1.13) (+1.51) (+1.31) (£1.19) (+1.54) (£1.75) (+1.14) (+1.38) p=0.
5m sprint (sec) 135 106 (£0.11) 1.08(£0.17) 1.02(+0.10) 1.04(+0.12) 1.02(+0.12) 1.20(+0.15) 1.00(x0.11) 1.10(+0.12)  p<0.001
20m sprint (sec) 98 3.24 (+0.30) 3.23(+0.33) 3.14(+0.29) 3.15(+0.36) 3.18(<0.32) 3.32(+0.35) 3.02(+0.34) 3.33(+0.34)  p<0.001
Push-up (reps) 111 07.4 (+15.9) 26.9 (+14.8) 26.3(+132) 21.5(+16.0) 256 (+12.8) 21.2(+147) 32.2(+129) 213(£14.1)  p<0.001
Sit-up (reps) 112 31.3(+102) 33(+12.6) 308 (+11.5) 295 (+9.5) 289( +107) 30.8(+111) 368(+10.5) 31.3(+89)  p=0.03
MSFT (level) 148 8.1(x22)  7.8(x30)  69(:24)  7.2(+2.4) 3(+26)  6.4(+26) 65(+25)  7.3(223)  p<0.001
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Table 2. Anthropometrics and performance tests by sex

Variable No. of r.nissing Male Female p-value
participants n=491 n=353

Sex 12
Age (years) 0 20 (+3.53) 18.76 (+£3.40) 0<0.001
Height (m) 16 1.69 (+0.07) 1.60 (+0.06) 0<0.001
Leg length (m) 20 0.86 (+0.6) 0.80 (+0.05) 0<0.001
Body mass (kg) 20 63.62 (+£9.64) 56.75 (+£9.44) p<0.001
BMI (kg/m2) 28 22.1 (£3.0) 22.1(£3.3) p=0.933
Arm span (m) 15 1.79 (£0.87) 1.67 (£0.75) 0<0.001
Sit and reach (cm) 28 6.7 (£7.4) 8.9 (x7.8) p<0.001
Vertical jump (cm) 166 57.9 (x£7.3) 42.3 (x7.1) 0<0.001
Mb throw (m) 41 4.78 (+0.69) 3.37 (+0.50) p<0.001
lllinois (sec) 69 15.35(x£1.17) 17.18 (x1.46) p<0.001
5m sprint (sec) 132 1.00 (x0.10) 1.16 (+0.13 p<0.001
20m sprint (sec) 95 3.04 (£0.17) 3.58 (+0.28) p<0.001
Push-up (reps) 108 31.5(x11.8) 12.7 (£10.5) p<0.001
Sit-up (reps) 109 36.1 (+£8.6) 23.6 (£9.4) 0<0.001
MSFT (level) 144 8.3 (x2.2) 51(x1.9) p<0.001

DISCUSSION

The study aimed to examine the anthropometric and
performance characteristics of Papua New Guine-
an athletes and community dwelling persons. The
study additionally aimed to determine whether there
was a relationship between the examined charac-
teristics and region of origin. The primary finding
was that the birthplace of a Papua New Guinean
can have a significant influence on select anthropo-
metric and performance characteristics. Additional-
ly, sex and age group also have significant relation-
ships with select anthropometric and performance
characteristics.

Anthropometric and performance characteristic dif-
ferences by birth province

There was a significant amount of variation between
the eight listed birth provinces for all tested char-
acteristics except for measurements of leg length
(p=0.36) and lllinois agility time (p=0.235) as high-
lighted in Table 1. Those who were born in the Cen-
tral province were the tallest, heaviest and had the
greatest MSFT performance and arm span. They
also ranked second best for sit and reach score,
vertical jump height and number of push-up rep-
etitions completed. Participants born in Morobe
recorded the best Mb throw, second greatest arm
span and the quickest 5m sprint time. The last of the
tier 1 birth provinces, the NCD, recorded the sec-

ond largest arm span measurement out of the eight
provinces.

At first glance, it may appear that of the tier 1 prov-
inces, Central seems to be the birth province of ath-
letes geared towards sports such as basketball due
to their height, body mass, endurance and vertical
jump scores (25) and Morobe may produce ath-
letes suited to athletic throwing sports (26). How-
ever, when the percentage of male participants for
Central (67.9%), Morobe (67.2%) and NCD (53.5%),
are considered, it is not surprising that participants
from Central and/or Morobe rank within the top two
provinces for characteristics such as height, body
mass, power, 5m speed and aerobic endurance. It
is also worth noting, that the mean age for the tier 1
provinces, places NCD and Morobe into a young-
er age group (18-20 years old) than Central (21-25
years old), which ultimately may have had an effect
on tested characteristics (27).

Similar findings are reported in tier 2 provinces (Ta-
ble 1). For example, participants born in Sandaun
province had the highest BMI, and the greatest 5m,
20m, push-up and sit-up results. Sandaun born par-
ticipants also ranked second for body mass meas-
urements. It is worth noting however that Sandaun
had a high percentage of males (66.3%) and are
within the 21-25 year old category (22+ 3.6 years
old), which is the fastest age category for partici-
pants within this study. WNB born participants re-
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Table 3. Anthropometrics and performance tests by age groups
No. of missing

Variable L 15-17 years 18-20 years 21-25 years 26-30 years p-value
participants

Sex-male/female (%) 12 47.7%/52.3% 57.6%/42.4% 72.4%/27.6% 65.2%/34.8% p<0.001
Height (m) 16 1.64 (+0.08)* 1.65 (+0.07)1§ 1.68 (+0.09)T+ 1.67 (+0.08)t p<0.001
Leg length (m) 20 0.82 (x0.06)§|| 0.83 (x0.06)§ 0.85 (+£0.06)T% 0.85 (+0.06)T 0<0.001
Body mass (kg) 20 57.18 (+8.67)* 59.25 (+8.93)* 65.92 (£10.47)tt  67.84 (+11.49)tt p<0.001
BMI (kg/m?) 29 215 (+3.0)§]| 21.7 (£2.8)§] 23.2 (+3.3)+ 24.2 (+3.5)1 p<0.001
Arm span (m) 15 1.71 (x0.10)§|| 1.74 (+0.09)§ 1.78 (x0.11)1% 1.75 (£0.11)T 0<0.001
Sit and reach (cm) 28 59 (x6.7)" 1(x7.8)t 8.5 (x7.6)T 10.1 (x6.9)t p<0.001
Vertical jump (cm) 171 47.3 (+10.5)* 51.8 (+10.1)t 54.0 (+10.1)t 54.0 (£10.1)t p<0.001
Mb throw (m) 41 3.86 (+0.83)* 4.13 (£0.91)* 4.58 (+0.89)+ 4.66 (0.91)1+ p<0.001
lllinois (sec) 72 16.57 (£1.57)* 16.06 (+1.39)T 15.74 (£1.72)t 15.55 (+1.52)t <0.001
5m sprint (sec) 135 1.09 (+0.14)%§ 1.05 (+0.14)t 1.05 (x0.12)t 1.09 (£0.12) p<0.003
20m sprint (sec) 98 3.35 (£0.34)1§ 3.22 (+0.33)F 3.17 (£0.32)F 3.29 (+0.39) p<0.001
Push-up (reps) 111 17.8 (x12.5)* 23.9 (x14.5) 29.2 (x15.3)tf 30.2 (1 .1)T¢ 0<0.001
Sit-up (reps) 112 27.5 (+9.3)* 30.4 (£10.7)* 34.6 (+11.0)t 35.7 (+10.7)t <0.001
MSFT (level) 148 6.0 (+2.5)* 7.0 (x2.5)1§ 7.8 (+2.6)T+ 7.9 (2. 4)T p<0.001

* denotes significant difference between all other age groups.

1 denotes significant difference when compared to 15-17 year old age group.
1 denotes significant difference when compared to 18-20 year old age group.
§ denotes significant difference when compared to 21-25 year old age group
|| denotes significant difference when compared to 26-30 year old age group
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Table 4. Bivariate and multivariate regression analysis for participants born in Morobe vs. participants born in NCD
(baseline)

Body mass (kg) BMI (kg/m2) Mb throw (m) 5m sprint (sec) 20m sprint (sec)

No. observa-

tions 536 535 528 460 491
Unadjusted (bivariate) Province Effect Morobe vs. NCD

Constant 64.05 23.38 3.76 1.17 3.47
Morobe -3.00" -1.17% 0.36t -0.081 -0.14
R-squared 0.016 0.026 0.029 0.058 0.034
Adjusted Province Effect Morobe vs. NCD

Constant 66.64 21.23 5.44 927 2.615
Morobe -3.811 -1.18% 0.20t -0.06t -0.081
Age group 3.601 0.821 0.22t

Female -5.871 -1.331 0.16t 0.55t
R-squared 0.224 0.079 0.646 0.368 0.620

*and T indicate p<O0. 05 and p<0.001 respectively.
kg — kilograms, BMI — body mass index, Mb throw — medicine ball throw, m- metres, sec —seconds

Table 5. Bivariate and multivariate regression analysis for participants born in Central vs. partici-
pants born in NCD (baseline).

Arm span (m) S&R (cm) VJ (cm) MSFT (level)
E‘;’r']:bse”’a' 493 479 452 403
Unadjusted (bivariate) Province Effect Central vs NCD
Constant 1.69 2.28 44.90 4.71
Central 0.051 4.27t 4.82t 1.73t
R-squared 0.03 0.048 0.030 0.064
Adjusted Province Effect Central vs NCD
Constant 1.86 -3.85 67.47 8.61
Central 0.02* 3.94¢ 2.44* 0.94+
Age group 0.01t 1.25F 0.95* 0.601
Female -0.121 2.75% -15.09t -2.91¢
R-squared 0.393 0.100 0.542 0.450

*and T indicate p<0.05 and p<0.001 respectively.
m- metres, S&R — sit and reach, cm — centimetres, VJ — vertical jump, MSFT — multi-stage fitness
test
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corded the best mean sit and reach score and the
second largest arm span and BMI results out of the
eight provinces. WNB had the highest percentage of
female respondents (62.3%) which may account for
their superiority in flexibility tests, as previous stud-
ies have indicated that females have greater levels
of flexibility throughout most of their lives (Medei-
ros, Araujo & Araujo, 2013). Participants from ESP
recorded the highest vertical jump, second highest
BMI and second quickest 5m and 20m sprint times.
It is worth noting that this may also be attributed to
the high percentage of male participants (73.6%)
and the previously reported relationship between
lower body power scores and sprint speed (29).

Whilst the above information indicates that there is a
significant difference between provinces for scores
of various performance and anthropometric varia-
bles, the analysis does not take into account the po-
tential influence that sex and age may have on the
tested characteristics. Due to the difference in the
percentage of males and females within a province
as well as the differences of mean ages, it is nec-
essary to compare sex (Table 2) and age groups
(Table 3) to tested characteristics to determine their
influence on performance.

Sex differences

There are significant differences between males
and females for the anthropometric measurements
of height, leg length, body mass and arm span (Ta-
ble 2). These findings are supported by previous
research, which has shown that males are typical-
ly taller, heavier and have a greater arm span than
their female counterparts (30, 31). The differences
for BMI were found to be non-significant between
the sexes (p=0.933), with past research showing
mixed results of both significant and non- significant
differences between sexes (30, 32). As BMI dis-
plays an individual’s mass relative to their height, it
is not unreasonable to have a non-significant differ-
ence between sexes for a BMI score while also hav-
ing a significant difference for height and/or mass
(30). For all performance tests, except for the sit
and reach test, males performed significantly bet-
ter. Similar findings have been reported previously
with sexual dimorphisms thought to be the reason-
ing for better levels of male performance (33).

This is highlighted in other studies which have
shown males reaching higher levels of performance
in anaerobic power (34, 35, 36), speed (33) and
aerobic endurance events (37, 38, 39). For exam-
ple, Ford et al., (34) determined that female weight-

lifters have lesser relative strength when compared
to their male counterparts, potentially due to less
cross-sectional areas of muscle devoted to contrac-
tile muscle filaments. Furthermore, a study conduct-
ed on anaerobic performance of male and female
elite level sprint performance by Seiler at al., (33)
found that males outperformed females across run-
ning, swimming and speed skating. The authors at-
tributed this to differences in performance, anaer-
obic power and physiological differences between
male and female athletes. The aerobic capacity
differences between males and females have been
well documented in the past (37, 38, 39). A study of
elite male and female badminton players found that
male athletes demonstrated a significantly high-
er aerobic capacity than their female counterparts
(39). This difference between sexes may be due to
men typically having higher muscle mass and hae-
moglobin levels and lower body fat than women
(40,41).

Muscular endurance differences between sexes
seemed to be mixed in past research, with studies
prior to the 1990s indicating poorer performances
by females, whilst more recent studies indicating
similar results between sexes (42). It is worth not-
ing however, that the more recent studies typically
use the modified push-ups on the knees rather than
the traditional push-up on the toes, meaning each
push-up repetition requires less strength (42). Con-
versely, in this study, females on average record-
ed better scores on the sit and reach test. This is
in line with previous research, which indicated that
females are more flexible than their male counter-
parts throughout most of their lives (28). Previous
research has indicated that sex differences in flexi-
bility scores may be due to higher muscular volume
in men, which limits movement or a larger pelvic di-
ameter in women (28, 43).

Age differences

Significant differences were found between the
four age groups for sex and for all anthropometric
and performance characteristics (Table 3). Post
hoc analysis indicated numerous significant dif-
ferences for tested characteristics across the four
age groups. It appears that results for the two old-
er age groups (21-25 years, 26-30 years) are only
significantly different to the two younger age groups
(15-17 years, 18-20 years), but not to each other,
suggesting that there may not be a significant im-
provement in performance after a certain age.

As training age was not taken into account by this
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study, there is also a possibility that specific train-
ing interventions (e.g. strength training) undertak-
en may affect the relationship between age group
and performance (44). The lack of experience and
opportunity to engage in structured training could
possibly contribute to the significant difference
in anthropometric and performance characteris-
tics of the older and younger age groups. This is
an area that requires further research. Previous
research has also indicated that the age in which
performance peaks for various track and field ath-
letes is 26 years old (27). However, as 26 years old
is only the start of the final age group, it is possi-
ble that a larger number of participants towards the
30-year-old mark may be responsible for the de-
cline in performance, as participants may be past
their performance peak. Furthermore, as there is a
well-documented difference between chronologi-
cal and biological age (45), there is the possibility
that athletes from PNG may mature at a faster rate,
thus potentially peaking at an earlier age than their
more studied western counterparts. This may ex-
plain to an extent, what appears to be plateauing
of measurements between the final two age groups
(21-25 years, 26-30 years) as indicated by the lack
of significant differences between them. Howev-
er, research into chronological age and biological
maturation rates has yet to be conducted on Papua
New Guineans.

The relationship between birth province, age and sex
and anthropometric and performance differences

Bivariate and multivariate regression analyses were
used to determine the respective effects of birth
province, and the potentially confounding factors of
age and sex. This was required due to the signifi-
cant differences found for most anthropometric and
performance results, between both sex and age
groups. Furthermore, sex and age group differed
significantly between the provinces, thus when test-
ing for the association between provinces and an-
thropometric and performance measures, we are
faced with potential confounding by age and sex.
The comparisons between the respective bivariate
and multivariate regression models refer to the prov-
ince effect between the tier 1 provinces (Morobe vs
NCD and Central vs NCD).

For example, when comparing Morobe vs. NCD
(baseline); a significant bivariate effect of 0.36 is
found for the performance test of Mb throw. This
indicates that people within the Morobe sample
threw the Mb 0.36m father than those from NCD.
After controlling for confounding by age and sex,

the bivariately observed 0.36m is reduced to 0.20m.
Therefore, there is still a significant effect due to
the differences of birth province (Morobe vs. NCD)
but the bivariately observed effect of 0.36 was con-
founded; the adjusted effect is 0.20 (Table 3.4). Al-
though this may seem to indicate the “true” effect of
birth province, it cannot be conclusively stated, as
this adjusted effect (adjusted for age and sex) may
still be confounded by other variables not collect-
ed within the data set. For example, the training age
of participants within the sample size of each prov-
ince. As is, the “adjusted” effect within this study is
still significant, but further research may be needed
to determine if these are “true” inherent differences
between participants born in Morobe and NCD.

The ability of the model to explain the data improves
vastly after adjusting for sex and age. Again, using
Mb throw as an example, the bivariate model with
province effect only can explain 2.9% of the varia-
bility (=100*R-squared=100*0.029 = 2.9%). After
accounting for age and sex, the resulting multivar-
iate model can now explain 64.5% of the observed
variability (Table 4). This shows that age and sex
are able to explain much more of the variability
in results than the province i.e. Mb throw is much
more associated with age and sex than with birth
province (Morobe or NCD). The difference for Mb
throw distance between those born in Morobe and
those born in NCD was used as an example to il-
lustrate the effect of birth province, due to it having
the highest R? score of all tier 1 analyses. It is ap-
parent however, that when comparing the bivariate
R? scores and multivariate R? scores across each
of the analysed variables, that there is a vast im-
provement in the multivariate R? scores. This further
suggests that although birth province may appear
to have a significant influence on the variance of the
tested characteristics (Table 4 and 5), sex and age
can explain much more of the variance.

The remaining variability not accounted for by the
regression analysis could be attributed to, but not
limited to, independent variables not included within
the regression model or cases in which the cause
for the variability cannot be accounted for. It is also
worth noting that while some factors (e.g. training
age) could be measured to an extent and added
into the model, other factors that have been shown
to influence performance variables cannot (e.g. cul-
tural differences).

The omission of other data (e.g. Mother’s place of
birth) which was collected during the heritage ques-
tionnaire but not utilised during the analysis, would
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also need to be considered as a confounding vari-
able.

CONCLUSION

The current study measured the anthropometric and
performance characteristics of Papua New Guinean
athletes and community dwelling persons. Further-
more, it determined the relationship between meas-
ured characteristics and the region of origin of its
participants. It has indicated that there may be an
association between the region of origin and select-
ed anthropometric and performance characteristics
of Papua New Guineans. The levels of association
between anthropometric and performance charac-
teristics and region of origin vary between each of
the provinces within this study. It is worth noting,
however, that other independent variables such as
sex and age have a larger influence than birth prov-
ince on anthropometric and performance character-
istics. Furthermore, although data collected during
the Heritage Questionnaire (e.g. Mother’s place of
birth) was omitted from analysis within this study, it
would also need to be considered as a confounding
variable along with sex and age.

To further identify the level of influence that birth
province may have on anthropometric and perfor-
mance characteristics, a larger sample size may be
required, and other information not collected within
this study (e.g., training age) may need to be ac-
counted for. Due to time restraints, data collection
was limited to several key locations (NCD, WNB,
Morobe and Central), thus representation from
some regional areas may be lacking. As this ex-
ploratory research is the first of its kind within PNG,
it may have opened an avenue for further research
projects to be undertaken. Ideally, future studies
need to engage with those people located in remote
and regional areas away from the main population
centres of the country. By increasing the size of the
sample and by testing in more areas to increase the
variety in the heritage of the participants, a more
representative and detailed analysis can be un-
dertaken. Depending on the independent variable
being investigated a sample size of 10,000 or more
participants may be required.

Collectively, the findings presented in this study
may be used by sporting organisations to identify
sporting talent within PNG. It has also indicated that
TID and TD programs can successfully be carried
out in various regions within PNG.
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