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Abstract
Aim: To describe the methods used to standardize the assessment of motor milestones in the WHO Multicentre Growth
Reference Study (MGRS) and to present estimates of the reliability of the assessments. Methods: As part of the MGRS,
longitudinal data were collected on the acquisition of six motor milestones by children aged 4 to 24 mo in Ghana, India,
Norway, Oman and the USA. To ensure standardized data collection, the sites conducted regular standardization sessions
during which fieldworkers took turns to examine and score about 10 children for the six milestones. Assessments of the
children were videotaped, and later the other fieldworkers in the same site watched the videotaped sessions and independently
rated performances. The assessments were also viewed and rated by the study coordinator. The coordinator’s ratings were
considered the reference (true) scores. In addition, one cross-site standardization exercise took place using videotapes of 288
motor assessments. The degree of concordance between fieldworkers and the coordinator was analysed using the Kappa
coefficient and the percentage of agreement. Results: Overall, high percentages of agreement (81�/100%) between fieldworkers
and the coordinator and ‘‘substantial’’ (0.61�/0.80) to ‘‘almost perfect’’ (�/0.80) Kappa coefficients were obtained for all
fieldworkers, milestones and sites. Homogeneity tests confirm that the Kappas are homogeneous across sites, across
milestones, and across fieldworkers. Concordance was slightly higher in the cross-site session than in the site standardization
sessions. There were no systematic differences in assessing children by direct examination or through videotapes.

Conclusion: These results show that the criteria used to define performance of the milestones were similar and applied
with equally high levels of reliability among fieldworkers within a site, among milestones within a site, and among sites
across milestones.

Key Words: Agreement, children, inter-rater reliability, motor development, motor skills

Introduction

The World Health Organization (WHO), in colla-

boration with partner institutions worldwide,

conducted the WHO Multicentre Growth Reference

Study (MGRS) to generate new growth curves

for assessing the growth and development of infants

and young children [1]. As part of the longitu-

dinal component of the MGRS, the Motor Develop-

ment Study (MDS) was carried out to assess the

acquisition of six distinct key motor milestones by

affluent children growing up in different cultures. The

assessments were done from 4 mo of age until the

children were able to walk independently, or reached

24 mo, in Ghana, India, Norway, Oman and the

USA. The details of the MDS’s study design and

methodology have been described elsewhere [2]. To

our knowledge, only two other multi-country studies

of motor development have used a longitudinal design

[3,4].

Rigorous data collection procedures and quality-

control measures were applied in all sites to minimize

measurement error when assessing motor milestone

achievement and to avoid bias among sites. Variability

in methods of measurement can occur for several

reasons [5�/7]:

1. The setting in which the assessments are carried out.

Data collection took place at the children’s

homes and thus the assessment environment

was somewhat variable except for what we could

control. Where possible, the number of persons

present during assessments was limited to three

(fieldworker, caretaker and child); also, the sur-

face of the floor where the assessments took

place was kept clean and free of objects that
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might interfere with locomotion, and a max-

imum of three toys or objects with which the

child liked to play were available [2].

2. The child’s mood. Children vary in their emo-

tional state during assessments for a variety

of reasons, and this cannot be controlled. Care

was taken, however, to reassure and calm the

children and to record their overall emotional

state according to two scales described by

Brazelton [8].

3. The examiner’s mood. Examiners also vary among

themselves, and over time, in mood, level of

energy and motivation. Efforts were made to

keep fieldworkers motivated, to impress upon

them the importance of the study, and to

repeatedly emphasize the need to adhere to the

standardized protocol. In addition, appropriate

training, site visits by the MDS coordinator and

monitoring of data quality were essential to

control for this third possible source of variability

and to minimize bias across sites.

4. Methodological differences among fieldworkers.

Observational assessment tools such as the

assessment of motor milestones are particularly

prone to error due to differences among field-

workers in judging when a particular behaviour

has been exhibited [9]. Therefore, considerable

effort was made to standardize the criteria for

assessing when certain motor skills were demon-

strated, such as clear instructions and drawings

in the procedures manual, periodic standardiza-

tion sessions in all sites, and the use of videotapes

to standardize criteria across sites.

The purpose of this paper is to describe the

methods used to standardize the assessment of motor

milestones in the MGRS and to present estimates of

the reliability of these assessments.

Methods

Periodic site standardization sessions

Standardization sessions were conducted on a regular

basis (at 1-mo or 2-mo intervals) during data collec-

tion in Ghana, India, Norway and Oman. The North

American site did so only once because data collection

was nearly completed by the time the decision was

taken to conduct regular standardization sessions;

also, and for the same reason, this site did not

participate in the cross-site standardization exercise.

Due to limited data availability, the North American

site was thus not included in the analyses for this

paper. Brazil, which was the earliest MGRS site, did

not assess motor milestones.

During each session, 10 apparently healthy chil-

dren, aged 6 to 12 mo, were recruited for participa-

tion through day-care and health centres. At every

session, one of the fieldworkers examined and scored

the children for each of the six gross motor mile-

stones: sitting without support, hands-and-knees

crawling, standing with assistance, walking with

assistance, standing alone and walking alone. A

different fieldworker was selected for each session to

give everyone a turn. The performance of each

milestone was recorded as follows: ‘‘inability’’*/the

child tried but failed to perform the test item;

‘‘ability’’*/the child performed the test item accord-

ing to the specified criteria; ‘‘refusal’’*/the child was

calm and alert but uncooperative; and ‘‘unable to

test’’*/the child could not be examined because his or

her emotional state (drowsiness, fussiness or crying)

interfered with the examination or the child’s care-

taker was distraught. In practice, it proved difficult to

distinguish between ‘‘refusal’’ and ‘‘unable to test’’,

and these categories were therefore combined. The

child’s caregiver was present during all assessments

but was requested not to interfere with the examina-

tion. However, when needed, the examiner asked for

the caregiver’s assistance, for instance in placing the

child into the correct position or in encouraging the

child to crawl or walk. The examiner recorded the

results discretely, taking care not to disclose the child’s

rating. Since it was not always possible to get the child

to cooperate immediately, the examiner was allowed

three tries to assess each milestone.

Assessments of the children were videotaped, and

later the other fieldworkers in the same site watched

the videotaped sessions and independently rated

performances. The videotape of the session and the

fieldworkers’ ratings were then sent to the MGRS

Coordinating Centre at WHO in Geneva where the

MDS coordinator viewed the tape and rated the

children’s performance. The ratings given by the

coordinator were considered to be the reference

(true) scores.

Cross-site standardization session

The MDS coordinator visited Ghana, India, Norway

and Oman to carry out standardization exercises using

videotapes of 288 motor assessments made in 51

children. Care was taken to select the best demonstra-

tions of the milestones. The fieldworkers in all four

countries viewed the videotapes and independently

rated the children’s performance.

Statistical analysis

Three outcome categories were examined: 1) ob-

served inability; 2) refusal and/or unable to test; and

3) observed ability.

The degree of concordance between fieldworkers

and the MDS coordinator was analysed using the

48 WHO Multicentre Growth Reference Study Group



Kappa (k) coefficient, a measure of association for

categorical variables [10]. Kappa compares the ob-

served agreement between pairs of raters to the

agreement expected by chance when judgements are

statistically independent [11]. Kappa coefficients vary

between 0 and 1. A Kappa coefficient of5/0.20

indicates slight agreement, k�/0.21�/0.40 indicates

fair agreement, k�/0.41�/0.60 indicates moderate

agreement, k�/0.61�/0.80 indicates substantial

agreement and k�/0.80 means almost perfect agree-

ment [12].

The percentage of agreement was also estimated

because this value can be calculated in all instances

[13], whereas Kappa coefficients cannot be calculated

if all children are rated similarly by both fieldworkers.

The percentage of agreement was calculated by

dividing the number of agreements between a field-

worker’s rating and the MDS coordinator by the total

number of paired observations [13]. Agreement of

90% or more was considered high [2].

Further analysis was based on the methodology

suggested by Reed [14] that allows one to judge

whether the Kappa coefficients from several studies or

clinical centres ‘‘belong together’’ as a set. In the

MDS, a key question is whether Kappa coefficients

across participating sites pass the homogeneity test.

The null hypothesis is that the Kappas of all sites are

equal for each of the milestones (H0: kGhana�/kIndia�/

kNorway�/kOman). For this purpose, summary Kappa

coefficients were calculated for all fieldworkers within

a site and for each milestone. The goodness-of-fit test

of the null hypothesis H0 was obtained by using a

statistic that is assumed to be x2 distributed with n (�/

number of sites�/1) degrees of freedom. Homogene-

ity was also assessed for Kappa coefficients across

fieldworkers within sites and for each milestone (i.e.

do all fieldworkers within a site have similar Kappas

for each milestone?) and across milestones within sites

(i.e. are the Kappas similar within sites for all six

milestones?).

Two sources of information are available about

concordance in the ratings of motor milestones

between fieldworkers and the MDS coordinator: the

site-specific exercises and the cross-site session.

Should similar Kappa coefficients be expected? To

answer this question, differences in approaches must

be considered. All assessments by all fieldworkers in

all sites used the same set of videotapes in the cross-

site standardization session, whereas the site standar-

dization sessions included local children and assess-

ments by fieldworkers were done either by direct

examination of the child or through videotapes. The

MDS coordinator assessed video recordings in both

types of exercises, although she was present in the

sites during the cross-site standardization session.

Because the videos were selected for teaching pur-

poses, including clarity in filming and in the demon-

stration of motor behaviours, better concordance

between fieldworkers and the MDS coordinator might

be expected in the cross-site session.

Finally, we examined the level of concordance with

the MDS coordinator in the rating of motor mile-

stones when fieldworkers assessed children by direct

examination or through videotapes by randomly

selecting three fieldworkers per site and comparing

their Kappa coefficients and percentage of agreement

in each site.

All statistical analyses were performed using Stata

8.0 [15].

Results

Periodic site standardization sessions

Kappa coefficients and percent agreement with the

MDS coordinator are given in Table I for all

fieldworkers, by site, across all standardization

sessions. The number of sessions varied by site:

Ghana 8, India 11, Norway 2 and Oman 11. The

number of children assessed per fieldworker and

milestone varied as well because some fieldworkers

did not complete the standardization sessions or

because some milestone assessments were omitted

due to poor filming. In general, there were ‘‘sub-

stantial’’ to ‘‘almost perfect’’ levels of agreement

between fieldworkers and the MDS coordinator

across all milestones and sites. Exceptions were the

Kappa coefficients for the milestone ‘‘sitting without

support’’ for fieldworker no. 4 in Ghana (k�/0.585)

and for the milestones ‘‘standing alone’’ and ‘‘walking

alone’’ for fieldworker no. 6 in Norway (k�/0.422 and

0.345, respectively). The percentage of agreement

ranged between 81.0% (Norway, standing with assis-

tance) and 100.0%.

Cross-site standardization session

Table II presents similar data to that in Table I but for

the cross-site standardization session, where the MDS

coordinator travelled to the sites and showed the same

videotapes of 288 motor assessments. The Kappa

coefficients indicate ‘‘substantial’’ to ‘‘almost perfect’’

levels of agreement between fieldworkers and the

MDS coordinator. The percentage of agreement

ranged between 80.9% (Ghana, walking alone) and

100.0%.

Concordance was rated ‘‘substantial’’ to ‘‘almost

perfect’’ in both the periodic site and the cross-site

standardization sessions but was often slightly higher

in the cross-site session for all milestones except

‘‘walking alone’’ (values in Table II tend to be greater

than values in Table I).

Reliability in motor development assessment 49
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Table II. Kappa coefficients and % of agreement with the MDS coordinator for all fieldworkers, by site, for the cross-site standardization

session using videotapes of 288 motor assessments.

Ghana India Norway Oman

Fieldworker Kappa % agree Kappa %agree Kappa % agree Kappa % agree

Sitting without support (n�/ 49) 1 1.000 100.0 1.000 100.0 0.866 95.9 1.000 100.0

2 0.930 98.0 0.936 98.0 0.930 98.0 1.000 100.0

3 0.930 98.0 0.826 93.9 0.867 95.9 1.000 100.0

4 0.871 95.9 0.936 98.0 0.879 95.9 0.930 98.0

5 0.854 95.9 0.936 98.0 0.877 95.9 0.657 87.8

6 1.000 100.0 1.000 100.0 0.936 98.0

7 0.868 95.9 1.000 100.0 0.867 95.9

8 1.000 100.0

Overall 0.923 97.7 0.952 98.5 0.889 96.5 0.909 97.1

Hands-and-knees crawling (n�/ 47) 1 0.894 93.6 0.964 97.9 0.887 93.6 0.887 93.6

2 1.000 100.0 0.963 97.9 0.887 93.6 0.887 93.6

3 0.893 93.6 0.964 97.9 0.735 85.1 0.926 95.7

4 0.812 89.4 0.927 95.7 0.928 95.7 0.926 95.7

5 0.963 97.9 0.859 91.5 0.926 95.7 0.776 87.2

6 0.963 97.9 0.891 93.6 0.852 91.5

7 0.928 95.7 0.890 93.6 0.854 91.5

8 0.964 97.9

Overall 0.922 95.4 0.924 95.5 0.867 92.4 0.880 93.2

Standing with assistance (n�/ 51) 1 0.837 90.2 0.896 94.1 0.746 86.3 0.931 96.1

2 0.864 92.2 0.828 90.2 0.896 94.1 0.860 92.2

3 0.896 94.1 0.932 96.1 0.859 92.2 0.896 94.1

4 0.827 90.2 0.824 90.2 0.863 92.2 0.895 94.1

5 0.901 94.1 0.863 92.2 0.899 94.1 0.861 92.2

6 0.897 94.1 0.933 96.1 0.720 84.3

7 0.862 92.2 0.898 94.1 0.862 92.2

8 0.896 94.1

Overall 0.869 92.4 0.888 93.6 0.836 90.8 0.889 93.7

Walking with assistance (n�/ 48) 1 0.962 97.9 0.818 89.6 0.889 93.8 1.000 100.0

2 0.927 95.8 0.814 89.6 0.890 93.8 0.925 95.8

3 0.924 95.8 0.890 93.8 0.769 87.5 0.963 97.9

4 0.962 97.9 0.887 93.8 0.852 91.7 0.887 93.8

5 0.888 93.8 0.846 91.7 0.887 93.8 0.962 97.9

6 0.962 97.9 0.925 95.8 0.888 93.8

7 0.925 95.8 0.890 93.8 0.927 95.8

8 0.753 85.4

Overall 0.935 96.4 0.848 91.4 0.872 92.9 0.947 97.1

Standing alone (n�/ 46) 1 0.952 97.8 0.901 95.7 0.819 91.3 1.000 100.0

2 0.902 95.7 1.000 100.0 0.949 97.8 0.901 95.7

3 0.857 93.5 0.907 95.7 0.896 95.7 0.951 97.8

4 0.648 84.8 1.000 100.0 1.000 100.0 0.952 97.8

5 0.949 97.8 0.952 97.8 0.902 95.7 0.851 93.5

6 0.949 97.8 0.952 97.8 0.848 93.5

7 0.951 97.8 1.000 100.0 0.763 89.1

8 0.951 97.8

Overall 0.888 95.0 0.964 98.4 0.881 94.7 0.931 97.0

Walking alone (n�/ 47) 1 0.801 93.6 0.678 89.4 0.702 89.4 0.803 93.6

2 0.780 93.6 0.931 97.9 0.927 97.9 0.803 93.6

3 0.721 91.5 0.702 89.4 0.780 93.6 0.861 95.7

4 0.722 91.5 1.000 100.0 0.927 97.9 0.801 93.6

5 0.780 93.6 1.000 100.0 0.794 93.6 0.813 93.6

6 0.780 93.6 0.771 93.6 0.781 93.6

7 0.861 95.7 0.862 95.7 0.658 87.2

8 0.861 95.7

Overall 0.778 93.3 0.838 95.0 0.788 93.3 0.816 94.0
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Homogeneity

Table III presents results assessing the homogeneity of

Kappa coefficients in the site standardization sessions

and the cross-site session. P-values inside the table

(all values but those given in the bottom row and

right-hand column) answer the question: Are the

fieldworkers homogeneous in assessing motor mile-

stones within a site? P-values in the right-hand

column answer the question: Are the fieldworkers

homogeneous in assessing motor milestones across

sites when viewing the same videotapes? P-values on

the bottom row answer the question: Are the field-

workers homogeneous in their assessments across

milestones within a site? None of the P-values were

statistically significant (p B/0.05), although one value

(Ghana, standing alone, CSS) had a p-value of 0.05.

These results indicate that the Kappas are homoge-

neous across sites, across milestones, and across

fieldworkers.

Concordance in assessment by direct examination versus

videotape

Table IV presents, for 12 randomly selected fieldwor-

kers (three per site), the Kappa coefficients and

percentage of agreement with the MDS coordinator

when fieldworkers tested children by direct examina-

tion or using videotapes. Overall, there were no

systematic differences to indicate that one way of

conducting the assessment is more concordant with

the MDS coordinator than the other.

Discussion

This is the first longitudinal study to use a standar-

dized protocol to describe gross motor development

among healthy children from different countries and

to carry out standardization sessions on a regular

basis. Kappa coefficients were used to estimate the

concordance of independent pairs of raters, specifi-

cally one of several fieldworkers and always the MDS

coordinator. These values estimate the quality of the

MDS testing procedures [2] and the fieldworkers’

ability to apply the rating criteria consistently.

Overall, high percentages of agreement between

fieldworkers and the MDS coordinator, and ‘‘sub-

stantial’’ to ‘‘almost perfect’’ Kappa coefficients, were

obtained for all fieldworkers, milestones and sites.

Homogeneity tests confirm that the Kappa coeffi-

Table III. Tests of homogeneity of Kappa coefficients in the MDS: p -values for the periodic site standardization sessions (SSS) and for the

cross-site standardization session (CSS).

Ghana India Norway Oman Across sites, within milestones

SSS CSS SSS CSS SSS CSS SSS CSS CSS

Sitting without support NAa 0.619 0.925 0.246 0.789 0.848 0.580 NAb 0.414

Hands-and-knees crawling 0.198 0.265 0.497 0.646 0.602 0.550 0.903 0.477 0.274

Standing with assistance 0.942 0.983 0.926 0.900 0.355 0.510 0.989 0.916 0.463

Walking with assistance 0.923 0.912 0.772 0.665 0.420 0.790 0.519 0.418 0.082

Standing alone 0.857 0.050 0.613 0.629 0.619 0.318 0.127 0.501 0.084

Walking alone 0.753 0.305 0.656 0.102 0.768 0.452 0.116 0.955 0.890

Across milestones, within sites 0.199 0.546 0.438 0.668 0.384 0.772 0.265 0.662

a Test of homogeneity among Kappas can not be performed because the number of concordant negative ratings (i.e. fieldworker and MDS

coordinator recording that the child was unable to perform the milestone) was zero for all fieldworkers for milestone sitting without support.
b Test of homogeneity among Kappas can not be performed because the number of discordant (i.e. fieldworker and MDS coordinator

recording different ratings for the same child) was zero for three out of five fieldworkers for milestone sitting without support.

Table IV. Comparison of Kappa coefficients and percentage agree-

ment when three randomly selected fieldworkers per site assessed

children by direct examination or through videotapes.

Site Assessment Milestonea Kappa % agreement

Ghana Direct 2 1.000 100.0

Video 0.945 96.9

Ghana Direct 2 0.808 90.0

Video 0.796 87.8

Ghana Direct 5 0.912 94.1

Video 0.929 96.4

India Direct 1 1.000 100.0

Video 0.948 99.0

India Direct 2 0.805 87.5

Video 0.887 93.8

India Direct 4 0.821 90.0

Video 0.839 90.4

Norway Direct 2 1.000 100.0

Video 0.896 94.1

Norway Direct 4 1.000 100.0

Video 0.902 93.8

Norway Direct 5 0.556 75.0

Video 0.360 75.0

Oman Direct 3 0.841 90.0

Video 0.896 94.4

Oman Direct 4 0.628 75.0

Video 0.755 84.5

Oman Direct 6 0.814 88.9

Video 0.834 90.9

a Milestone: 1�/sitting without support; 2�/hands-and-knees

crawling; 3�/standing with assistance; 4�/walking with assistance;

5�/standing alone; 6�/walking alone.
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cients are a homogeneous set across sites, across

milestones, and across fieldworkers. Concordance

was slightly higher in the cross-site session (i.e.

when fieldworkers rated the same set of videotapes)

than in the periodic site standardization sessions

where different sets of local children were assessed.

The forgoing analyses show that the standardization

of milestone assessments made in any one site were

consistently high among fieldworkers within a site,

among milestones within a site, and among sites

across all six milestones. Also, the cross-site exercise

indicates that the fieldworkers could reliably rate

motor milestones of children both in their own and

in the other sites.

There are few reports of inter-rater agreement [16�/

19] in motor milestones assessments, and what

information is available suggests that the MDS con-

cordance is very good relative to other studies. For

example, the mean percentage of agreement between

four examiners during the standardization of the

Denver Developmental Screening Test was 90%,

with a range of 80�/95% [17]. Using the Movement

Assessment of Infants, Haley et al. [16] reported only

2% of the items demonstrated excellent (k�/0.75)

inter-rater reliability beyond chance, with 58% in the

fair-to-good (0.40B/kB/0.75) range.

The six milestones were selected for the study

because they were considered to be both fundamental

to the acquisition of self-sufficient erect locomotion

and simple to administer and evaluate. They should

measure observable behaviour with a clear pass or fail

score. The high degree of inter-rater reliability con-

firms that these milestones were simple to administer

and feasible to standardize. These results were prob-

ably attributable to the clarity of the instructions for

administering and rating the performance of the

milestones, and to the fact that fieldworkers were

well trained. As observed in other studies [18,19], the

multiple standardization sessions no doubt added to

the fieldworkers’ skills and confidence in conducting

motor development assessments.

The organization of reliability sessions is often

logistically demanding and places considerable stress

on both researchers and family members. An attrac-

tive alternative is to estimate inter-rater reliability

coefficients with the aid of videotapes instead of

having several examiners test a group of children

more than once. Stuberg et al. [20] found that

minimizing the handling of children and relying

on observation help achieve more accurate test

results. Children can behave differently from one

time to the next [17], and these differences may

influence the reliability coefficients. By using video-

tapes, these results reflected the fieldworker’s

ability to rate the test items under controlled condi-

tions, that is without having to deal with children’s

moods and behaviours. On the other hand, Gowland

et al. [21] concluded that observing task perfor-

mances from a videotape appeared to be a major

source of variability because taping frequently did

not capture the full performance, or part of the body

to be observed was not filmed fully or from an

appropriate angle. Our study excluded milestone

assessments that could not be rated for these reasons,

and we found no systematic difference in the Kappa

coefficients and percentage of agreement when field-

workers rated children by direct examination or

through videotapes.

We found several advantages, which were also

common to other studies [6,22,23], in using video

recordings to evaluate rating performances. Video-

tapes helped to alleviate problems with recruiting

children and scheduling sessions. Fieldworkers were

able to rate the motor development assessments when

convenient to them. The MDS coordinator could

examine the tape with the fieldworkers to explore

possible reasons for disagreement. Most importantly,

children did not have to endure repeated assessments

by numerous fieldworkers. Russell et al. [6] cited as a

main disadvantage that this method tests only the

participant’s ability to rate the videotaped assessments

but provides no indication of the participant’s ability

to administer and score them in a clinical or study

situation. This is a fair criticism, and for this reason

studies should assess the quality of assessments in

both direct examination and video settings. This is

what we did, but in our case we did not find

systematic differences between these settings.

The MDS protocol was designed to provide a

simple method of evaluating six gross motor mile-

stones in young children. The WHO MGRS, in

implementing this protocol, provided the opportunity

to evaluate these milestones in multiple countries and,

for the first time, to use the data collected to construct

an international standard for the achievement of six

universal gross motor development milestones

[24,25]. Assessing children’s behaviour, including

gross motor milestones, is demanding for both

fieldworkers and children. The results of this study

demonstrate that, with careful attention to protocol

and training, a high level of fieldworker reliability can

be achieved within and across sites.
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