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ABSTRACT

Introduction: Accurate weight measurement is critical for assessing growth and
nutritional status in children, yet errors due to equipment can affect reliability.
This study evaluated reliability of weight measurements obtained by community
health workers using four weighing tools: SECA model 878, NutriScale Digital,
Tanita model HD-662, and mechanical hanging infant weighing scale. Methods: A
cross-sectional study was conducted in two municipalities in Laguna, Philippines,
where three pairs of end-users measured weight of 80 children aged 0-59 months
in house-to-house and stationary setups across rural and urban areas. Inter- and
intra-measurer reliability were assessed using correlation coefficients (CC), technical
error of measurement (TEM), and coefficient of variation (CV). Benchmark values
included TEM <0.1 kg and acceptable %TEM thresholds (<1.5% intra-measurer;
<2% inter-measurer). Results: All four tools demonstrated acceptable reliability.
NutriScale and Tanita consistently recorded the lowest TEM and %TEM values
across settings, followed by SECA, which also met acceptable standards. Variability
in measurements, however, was observed between house-to-house and stationary
setups, particularly in rural areas. Differences in tool performance appeared
influenced not only by the device characteristics but also by contextual factors such
as measurer consistency, child’s age, and environmental conditions. Conclusion:
Although NutriScale and Tanita showed higher consistency, measurement accuracy
cannot be attributed to the scale alone. Field variability, proper calibration, and
adequate measurer training remain critical for reliable assessments. Future research
with larger samples and age stratification is recommended to better evaluate scale
performance and inform tool selection for community-based programmes such as
Operation Timbang (OPT).
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INTRODUCTION

Weight control across the population
has been an important public health
challenge (Sand et al., 2014). In children,
anthropometric measurements,
including weight, reflect general health
status, dietary adequacy, and growth
and development over time (Fryar et al.,
2016). Being underweight, overweight,
or obese in childhood and adolescence
is associated with adverse health
consequences throughout the life course
(Lancet, 2017). A previous study in
Malaysia found a significant difference
between parental perceptions and
children’s actual weight, revealing that
nearly half of parents misperceived their
child’s weight status (Zulaily et al., 2020).
Hence, accurate weight measurement
is especially crucial for assessing the
nutritional status of young children, as
childhood weight status has long-term
implications for health.

Globally, 45.4 million children under
S years of age are wasted, while 38.9
million are overweight (Development
Initiatives, 2021). In the Philippines,
the 2018 Expanded National Nutrition
Survey (DOST-FNRI, 2018) revealed
that one in every five children (19.1%)
under 5 years old is underweight and
5.6% are wasted, while the prevalence
of overweight children has not changed
from 2015 (3.9%) to 2018 (4.0%).

The American Academy of Pediatrics
and the Child Health and Disability

Prevention (CHDP) recognise that
accurate serial anthropometric
measurements can help identify

underlying medical, nutritional, or
social problems in children (California
Department of Health Care Services,
2016, as stated in Casadei & Kiel,
2021). In addition, height and weight
measurements routinely collected for
child health records are potentially
useful for clinical practice and research

(Howe, Tilling & Lawlor, 2009).

In the Philippines, an annual weight-
and height-taking activity is conducted
through the National Nutrition Council’s
Operation Timbang Plus (OPT Plus). It
is an important programme established
in the 1970s for monitoring child
growth and addressing malnutrition
(FAO & NNC, 2017). Community
nutrition and health workers (CNHWSs),
including Barangay Nutrition Scholars
(BNS), use the programme to measure
weight and height, enabling early
detection of undernutrition and
overnutrition and facilitating timely
implementation of interventions like
nutrition supplementation and dietary
counselling.

The weighing scale is a critical
tool in the success of OPT Plus, as it
must provide accurate and consistent
measurements while being durable
enough for use in various settings. It is
used in urban and rural areas across
diverse contexts such as house-to-
house visits and stationary setups in
barangay (village) health centres. This
means the weighing scale is frequently
handled, transported, and exposed to
varying weather conditions, requiring it
to be both reliable and sturdy. While the
National Nutrition Council (NNC) has
relied on the Salter weighing scale for
years, concerns have been raised about
its cost and ease of use, highlighting the
need for potential alternatives.

The NNC recognises the need to
field-test other weighing scales, with
a preference for lighter-weight, easy-
to-use, and durable ones. Moreover,
there is limited data on the reliability,
technical error of measurement,
and validity of weight measurement
tools. In this regard, a field trial was
undertaken to provide evidence on the
accuracy, reliability, and ease of use of
other commercially available weighing
scales as possible alternatives to the
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currently NNC-approved mechanical
hanging weighing scale for assessing
the nutritional status of children under
five. This study assessed the reliability
of weight readings performed by several
community health workers using four
weight measuring tools, namely the SECA
model 878, NutriScale Digital, Tanita
model HD-662, and the Salter weighing
scale. The performance readings of the
three commercially available weighing
scales were further compared against
those obtained using the Salter weighing
scale, which served as the reference in
this study due to its widespread use in
the Operation Timbang Plus programme
in the Philippines.

METHODOLOGY

Study design and participants

A cross-sectional study was conducted
in two municipalities in the province of
Laguna, Philippines, representing rural
and urban settings. Barangay Nutrition
Scholars (BNS), Barangay Health
Workers (BHW), and midwives, who
routinely conduct child weighing, served
as end-users. Three end-users pairs were
designated in each barangay, with two
measurers and one recorder. Children
aged 0-59 months were selected from
OPT lists. Using a 90% confidence level,
a 10% margin of error, and a prevalence
estimate of 0.19, the minimum sample
sizes were 32 (rural) and 40 (urban).
To ensure equal representation, a total
sample of 80 children was used. Random
selection was carried out while ensuring
inclusion of both younger and older age
groups.

Study sites

The two municipalities differed in terms
of urbanity, population, income, and
accessibility, based on the Philippine
Statistics Authority-Philippine Standard
Geographic Code (PSA-PSGC). One
barangay per municipality was randomly
selected for inclusion.

Weight measuring equipment
Four weighing devices were assessed: (1)
Salter weighing scale, manufactured by
Salter in England, United Kingdom; (2)
SECA Model 878, manufactured by SECA
GmbH & Co in Hamburg, Germany; (3)
NutriDigital Scale, manufactured by Rice
Lake Weighing Systems in Wisconsin,
USA; and (4) Tanita Model HD-662,
manufactured by Tanita Corporation in
Tokyo, Japan. Detailed characteristics of
each scale are provided in Table 1.
Three end-user pairs used all four
devices to measure the same 40 children
per site. Measurements followed
UNICEF (1986) guidelines under two
conditions: stationary and house-to-
house setups. Children were brought to
a central venue, where each measurer
independently recorded two readings
per child using colour-coded forms,
which were submitted immediately to
prevent recall bias. A research assistant
monitored the procedures; a third
reading was obtained if the difference
between the two readings exceeded 0.5
g. After stationary weighing, the same
children were visited at home for house-
to-house measurements.

Data collection

End-users underwent training and
standardisation to ensure consistent
measurement techniques, correct
equipment handling, and minimisation
of user-related errors. All field activities
adhered to COVID-19 safety protocols.

Data analysis

Descriptive  statistics were  used
to summarise the characteristics
of  participants and end-users.

Measurement consistency was examined
through inter-measurer reliability using
correlation  coefficients, interpreted
from slight to almost perfect agreement.
Precision was evaluated using technical
error of measurement (TEM), relative
TEM, and coefficient of variation (CV),
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with acceptable thresholds of <1.5% for
intra-measurer, <2% for inter-measurer,
and CV% <5%.

The accuracy of each device was
assessed by comparing mean weights
with the Salter weighing scale (reference)
using paired t-tests. Differences in user
ratings across equipment were analysed
using repeated-measures ANOVA,
while Bland-Altman plots illustrated
agreement between each device and
the reference scale. Statistical analyses
were performed using Stata version 12,
developed by Stata Corp LLC in College
Station, Texas, USA.

Adherence to ethical requirements
The study received ethics approval
from the University of the East Ramon
Magsaysay Memorial Medical Center
Research Institute for Health Sciences
(RIHS ERC Code: 0961/E/2021/046).
Written informed consent was obtained
from all end-users and from parents
or guardians of participating children.
All data and photo documentation
were securely stored and treated as
confidential.

RESULTS

Characteristics of children

A total of 80 children aged O to 59
months were recruited for the study. The
youngest child was 5 months old and the
oldest was 59 months old, both from the
urban area. The mean age of the children
was 30.6 + 15.8 months. Among them,
34 (42%) were boys and 46 (57.5%)
were girls. Based on age categorisation,
37 children (46.4%) were in the 0-23
months age group, while 43 children
(53.7%) were in the 24-59 months age
group. This distribution was similar
across both urban and rural settings,
with a slightly higher proportion of girls
in both locations.
Inter-measurer and
accuracy

Table 2 presents the results of the
inter-reliability analysis made across

reliability

the measurers in different study areas.
There was a high degree of reliability
among measurers, as indicated by
strong correlation coefficients based on
recorded weights using the four types
of weighing tools in both stationary
and house-to-house settings. Errors of
measurement were acceptable (all less
than 2%) and the coefficients of variation
(CVs) were below 5%, further supporting
consistency among measurers. While
the Salter scale was used as a reference
tool to assess relative accuracy, it is
acknowledged that these comparisons
may primarily reflect inter-measurer
reliability rather than absolute accuracy.

Moreover, the observed differences in
weight readings made by two measurers
utilising SECA and Tanita weighing
scales in the stationary and house-to-
house procedures were not significant,
implying accuracy in the readings
between these measurers. On the other
hand, a significant mean difference was
found when comparing measurer 1 with
measurers 2 and 3 using the Salter tool
in the stationary approach and between
measurers 1 and 3 using the NutriScale
in the house-to-house approach. In these
comparisons, measurer 1 consistently
provided a higher measurement. It was
also evident that the lowest %TEM was
registered using Tanita, seconded by
NutriScale.

Similarly, weight readings by
BNS in the urban area were reliable,
as revealed in their almost perfect
correlation  coefficients. This was
further shown in their small values
of TEM, acceptable values of %TEM,
and acceptable CV values. In addition,
no significant differences were found
in most pairwise mean comparisons
made, except when measurer 1 was
compared with measurers 2 and 3 using
Salter in the house-to-house approach,
where measurer 1 recorded significantly
lower mean weights. Although all tools
exhibited high inter-reliability under the
house-to-house scheme, it was apparent
that measurers exhibited a high degree of
reliability (based on TEM) using Tanita.
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Intra-measurer reliability and
accuracy
Intra-measurer reliability was also

performed to determine the degree
of agreement between two repeated
measurements performed by a single
measurer. Absolute mean differences
between the two weight measurements
conducted by end-users in the rural area
were not significant, except for measurer
three using SECA in the stationary and
house-to-house settings. Nevertheless,
all measurers were reliable in their two
measurements, as indicated by small
TEMs and acceptable %TEM and CVs. The
highest reliability was produced using
the NutriScale. A high degree of intra-
measurer reliability was observed, as
specified in their correlation coefficients,
with almost perfect agreement (Table 3).

Similarly, measurers from the urban
area exhibited good reliability and
consistency in their measurements.
On average, there were no significant
differences between the two
measurements done by each measurer.
Furthermore, intra-measurer reliability
was observed among the measurers
using the four weight measuring tools, as
shown in the %TEM and CVs, which were
all within acceptable values. Moreover,
almost all correlation coefficients were
equal to 1, implying a perfect agreement
between the two measurements. The
use of NutriScale provided the highest
reliability, seconded by Tanita (Table 3).

Intra-measurer reliability
assessment was further performed
between house-to-house and stationary
settings. There was a high degree of
reliability between the two settings, as
reflected in their correlation coefficients,
both in the rural and urban areas, which
were close to perfect. This indicated a
strong correlation between the readings
from the measurers in both settings.
Small TEM values and acceptable
values of %TEM and CVs also indicated
consistency in the readings between
house-to-house and stationary settings.
However, statistical comparisons of
mean weight readings between the two

settings showed significant results,
except for the Salter weighing scale,
which was measured by those from the
rural area of Laguna (Table 4).

Accuracy and consistency of other
equipment

Considering the results of inter- and
intra-measurer reliability, measurers
with inconsistent measurements were
excluded before testing the validity of
the equipment. Table 3 presents the
intra-measurer reliability and accuracy
in weight measurements between
house-to-house and stationary settings.
Measurers using the Salter scale
consistently recorded higher weight
measurements compared to other
scales, with the largest mean difference
observed between SECA and Salter (0.11
kg), ranging from -0.05 kg to 0.27 kg.
Statistical analysis confirmed that Salter
produced significantly higher readings
than SECA and Tanita. NutriScale
closely matched Salter, with a mean
difference of 0.03 kg, which was not
statistically significant.

In the urban area, the mechanical
hanging scale continued to record
higher readings than SECA and Tanita
in both stationary and house-to-house
settings. NutriScale, however, showed
agreement with the mechanical hanging
scale across both setups. Percentages
outside the limits of agreement ranged
from 2.5% to 10%, with the highest
discrepancies observed between Salter
and SECA under stationary setups and
between Salter and NutriScale in house-
to-house setups.

NutriScale and Tanita exhibited
the lowest TEM and %TEM values
across both rural and urban settings,
indicating relatively high precision. This
observed consistency may reflect not
only the performance of the weighing
scales but also variations in measurers’
techniques, environmental conditions,
and context-specific factors. The Salter

scale consistently recorded higher
readings, while NutriScale closely
matched its accuracy. Both setups
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yielded generally consistent results
with minor variability, supporting the
practical use of these tools for weight
measurement in diverse field conditions.
Nonetheless, the authors acknowledge
that factors not controlled for in the
study, such as the end users’ experience
and setting-related influences, may have
contributed to measurement outcomes.

DISCUSSION

Weight has been routinely collected
by community health and nutrition
workers as part of Operation Timbang
(NNC, 2012). There are several types
of weighing scales: spring, hanging,
beam balance, and digital. The Salter
hanging weighing scale has been the
recommended equipment for measuring
the weight of children (WHO, 2002). The
hanging scale is commonly preferred
in many countries because it can be
transported easily, can be used in almost
any setting, and is relatively inexpensive
(Valid International, 2018). Standardised
measuring techniques recommended
by WHO (2008) are followed. Recently,
the National Nutrition Council (NNC)
explored three other weighing scales
that could be used in addition to the
Salter hanging weighing scale.

The Salter scale has been widely
used in the Philippines since the
1980s, particularly for mass weighing
programmes like Operation Timbang
(OPT) (Raneses, Manegdeg & Ramos,
1994). It has been recommended for
field use alongside other tools, such as
the infant beam scale and bar scale,
with clinical scales suggested for use
in health stations. Regular calibration
and maintenance have been emphasised
to ensure accuracy and reliability in
growth monitoring (Raneses et al,
1994). However, concerns about the
durability of the Salter scale’s spring
mechanism have been highlighted in
previous studies. Angood (2006) noted
that the spring mechanism is prone to
damage from overloading and frequent

use, leading to permanent functional
issues. These concerns are particularly
significant in low-resource settings like
the Philippines, where affordability,
portability, and long-term reliability are
critical for effective growth monitoring
programmes.

The indices used to assess reliability
in this study included the technical
error of measurement (TEM), relative
TEM (%TEM), coefficient of reliability
(R), and intraclass correlation coefficient
(ICC). NutriScale and Tanita emerged
as the most reliable tools for weight
measurement, demonstrating the
lowest TEM and %TEM values in both
rural and urban settings. The results
demonstrated their precision and
suitability for diverse field conditions.
Similarly, a study by Jamaiyah et al
(2010) among Malaysian children under
two years of age showed strong inter-
and intra-examiner reliability for weight
measurements, based on change in the
mean and ICC. High reliability reduces
the likelihood of measurement errors
and ensures consistency across different
users and locations.

This study found that the Salter
weighing scale, which was used as the
reference tool, consistently recorded
significantlyhigherweightmeasurements
compared to SECA, NutriScale, and
Tanita in both stationary and house-to-
house approaches, particularly in rural
areas. In urban areas, the Salter scale
also showed higher readings than SECA
in both approaches and significantly
higher readings than Tanita in the
house-to-house approach. However,
NutriScale demonstrated strong
agreement with the Salter scale in both
approaches. Despite being the reference
tool, the Salter scale’s tendency to record
higher weight measurements compared
to other tools (SECA, NutriScale, and
Tanita) may result in overestimation of
children’s weight, consequently leading
to inaccurate assessments of nutritional
status, such as underestimating
the prevalence of undernutrition or
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overnutrition.

NutriScale and Salter demonstrated
reliability across both stationary and
house-to-house settings, making
them suitable for different operational
contexts like large-scale surveys and
household interventions. However, not
all weighing scales were equally reliable;
SECA and Tanita showed inconsistencies
between settings. These findings are
crucial for Operation Timbang (OPT)
in the Philippines, where accurate and
consistent weight measurements are
essential for identifying underweight
or overweight children and developing
targeted nutrition programmes. Reliable
weighing scales should be used to
ensure data comparability across areas
and for effective growth monitoring in
both community health stations and
household visits.

There were statistically significant
differences observed in some readings
among weighing scales (e.g., SECA,
NutriScale, and Tanita compared to the
Salter scale) and among measurers.
However, these differences were within
acceptable limits. This highlights the
importance of proper training and regular
calibration to minimise variability and
ensure accurate measurements.

This study has several limitations
that should be considered when
interpreting the findings. Firstly,
the sample size was relatively small,
particularly for infants and among
community nutrition and health workers
across the various settings, which may
limit generalisability. Secondly, the
use of weighing scales in emergency
settings was not assessed, despite their
relevance in such situations. Previous
work by Angood (2006) highlighted that
hanging scales are often unsuitable for
use in emergencies due to concerns
around their accuracy and practicality.
Thirdly, the observed variability in
weight measurements is influenced
not only by the performance of the
weighing scales but also by differences
in measurer reliability under varying

conditions. Although a standardisation
exercise was conducted at the start
of the study to identify end-users at
risk of inconsistent measurements,
and training was provided to promote
correct techniques, complete control
over measurers’ skill, environmental
setting, and other contextual factors was
not possible. Therefore, measurement
reliability cannot be attributed solely
to the weighing scales. Addressing
these limitations in future research,
particularly through larger sample sizes,
inclusion of emergency-use contexts,
and controlling of measurer and
environmental variables, will allow for a
more comprehensive and generalisable
evaluation of weighing scales for young
children.

CONCLUSION

This study showed that end-users,
regardless of their initial training, were
able to take reliable measurements
after brief training. Intra- and inter-
reliability analyses showed high degrees
of reliability within and between the
measurers, as shown in the computed
correlation coefficients based on the
recorded weight measured using the
four weight-measuring tools, both in
stationary and house-to-house settings.
All four weighing scales proved
reliable, consistent results across
rural and urban areas. However,
significant differences were observed
when comparing house-to-house and
stationary setups. The Salter and
NutriScale showed differences in the
rural area, while the SECA and Salter
scales had differences in both setups.
SECA, Tanita, and NutriScale are
recommended as reliable alternatives to
the Salter weighing scale for measuring
the weight of children aged O to 59

months. Ensuring accurate results
requires proper calibration, initial
training, and regular recalibration,
particularly in community-based

programmes like Operation Timbang (OPT).
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Disclaimer

This study was conducted for
comparative evaluation and research
purposes, without funding, sponsorship,
or endorsement from any of the weighing
scale brands mentioned. The authors
have no affiliations or financial ties with
any of the evaluated brands. The findings
were based on objective assessments
and do not endorse any specific brand.

Local government and other entities
are encouraged to make procurement
decisions based on their needs and the
National Nutrition Council guidelines.
The results aimed to support evidence-
based decision-making and should not
be seen as mandatory directives.
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