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We aimed to calculate interrater reliability of the Test of Gross Motor
Development—Third Edition (TGMD-3) after raters reached a consensus regard-
ing measurement criteria. Three raters measured the fundamental movement skills
of 25 children on the TGMD-3 at two different times: (a) once when simply
following the measurement criteria in the TGMD-3 manual and (b) after a 9-month
washout period, following the raters’ consensus building for the measurement
criteria for each skill. After calculating and comparing the interrater reliability of
these three raters across these two rating times, we found improved interrater
reliability after the raters’ consensus-building discussions on ratings of both
locomotor skills (moderate-to-good reliability on two of six skills initially and
at least moderate-to-excellent on four of six skills following criteria consensus
building) and ball skills (moderate-to-good reliability on one of seven skills initially
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and at least moderate-to-excellent reliability on four of seven skills following
criteria consensus building). For subtest scores and overall test scores, raters
achieved at least moderate-to-good reliability on their second, postconsensus-
building ratings. Based on this improved reliability following consensus building,
we recommend that researchers include rater consensus building before assessing
children’s fundamental movement skills or guiding curriculum interventions in
physical education from TGMD-3 data.

Keywords: assessment, child development, motor competence, gross motor skills,
TGMD

Motor development is a complex process that occurs throughout life, in which
the acquisition and development of fundamental motor skills (FMS) are crucial
(Goodway et al., 2021). After the reflexive movement phase (involuntary move-
ments) and the rudimentary movement phase (first forms of voluntary movement),
the FMS phase is the moment in which children explore and experiment the
movement potential of their bodies. FMS are considered as the building blocks for
more complex motor skills and movement patterns (Goodway et al., 2021). Thus,
without a correct FMS development, children will not reach the minimum level of
competence necessary to participate in many childhood physical activities
(Stodden et al., 2008). This has led to an increase in the importance of assessing
children’s motor competence over recent decades (Bardid et al., 2019; Scheuer
et al., 2019). FMS testing can be valuable for identifying children with low levels
of motor competence, permitting comparisons of motor proficiency levels across
different populations, or guiding appropriate school interventions to promote
children’s healthy development (Scheuer et al., 2019; Tamplain et al., 2020).

A raft of FMS assessment tools is available for clinical, educational, and
research purposes (Eddy et al., 2020). These tools can be broadly classified into
(a) quantity/product-oriented tests, those that offer quantifiable measurements of the
product or outcome of children’s movements (e.g., distance jumped); (b) quality/
process-oriented tests, those that measure the quality of the movement process to
determine whether children have yet attained some predefined behavioral criteria
(e.g., judgments of armmovement quality during the jump); and (c) hybrid tests with
scoring methods that combine both approaches (Bardid et al., 2019). Process-
oriented tests can provide valuable qualitative information to guide teaching children
how to accomplish a new motor movement (Barnett et al., 2020). However, scoring
an observer’s judgments of children’s movements can be complex, and it may
require raters to have extensive knowledge of FMS or specific skill training in their
accurate assessment (Klingberg et al., 2019). Regardless of the type of FMS
assessment tool (product oriented, process oriented, or hybrid), a prerequisite is
that it has to be valid and reliable (DeVellis, 2012; Streiner &Norman, 2008).While
validity refers to the appropriateness of the tool in a population of interest, reliability
refers to the degree a test produces consistent results (Barnett et al., 2020).

Among process-oriented assessment tools, the Test of Gross Motor Develop-
ment—Third Edition (TGMD-3; Ulrich, 2019) and its predecessors TGMD and
TGMD-2 are based on rater observations that are organized into two subscales—
locomotor and ball skills. A recent systematic review suggested that the TGMD,
in its various editions, is one of the most frequently used tools for measuring
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children’s FMS proficiency, and also that has been validated thoroughly in
different settings (Scheuer et al., 2019). Despite the psychometric strengths of
the results derived from the FMS assessment with TGMD-3, another systematic
review found that interrater reliability values were generally lower than those
observed for intrarater reliability (Rey et al., 2020), probably due to rater difficulty
achieving a consensus in the interpretation of scoring criteria for some of the test’s
skill components (Barnett et al., 2014; Carballo-Fazanes et al., 2021; Houwen
et al., 2010). Interrater differences relate to the rater’s varied viewpoints, inter-
pretations, and assessment methods. The TGMD-3 test manual provides clear
instructions to rate whether a child meets certain performance criteria (Ulrich,
2019), but these judgments will always be subject to each rater’s discretion (Cano-
Cappellacci et al., 2015), unless there has been interrater consensus building that is,
ideally, widely disseminated and shared.

Barnett et al. (2014) examined the interrater reliability of the TGMD-2 object
control subtest by live observation and found some problematic, hard-to-identify
definitions of performance criteria that need to be clarified and discussed among
raters in a consensus-building process. For example, in the assessment of the
overhand throw, they found low agreement on three of the four performance
criteria referred to the windup, rotation of hips and shoulders to a point where the
nonthrowing side faces the wall and weight transfer. In terms of rotation, it may be
observed at different stages throughout the throw, which could explain the raters’
disagreement (Barnett et al., 2014). Although the fact that FMS assessment has
been carried out throughout live observation might be one of the causes for the
lower interrater reliability in some performance criteria, this TGMD weakness
might imply a need for more accurate TGMD measurement obtained by reducing
the subjectivity bias of each rater with criteria consensus prior to assessment with
this tool. In fact, studies aimed to analyze interrater reliability of the different
versions of the TGMD described that raters established agreements to ensure
scoring precisions (Allen et al., 2017), reviewed the performance criteria prior
assessments (Maeng et al., 2017), or had been previously trained in TGMD
assessment (Aye et al., 2017; Estevan et al., 2017). However, although training the
raters or revision of the performance criteria may likely occur in practice prior to
FMS assessment, the consensus-building process, and how this consensus is
reached, is not reported in previous research. Thus, our aims in this study were
as follows: (a) to report the consensus-building process of three raters regarding
performance criteria of the TGMD-3 and (b) to compare interrater reliability before
and after the consensus-building process in the same sample of school children.

Methods

Participants

Twenty-five healthy primary school children participated in this study as TGMD-3
examinees (15 girls and 10 boys: M = 9.16 years, SD = 1.31). We obtained
informed written consent from all the children’s parents or guardians, and we
obtained informed verbal assent from the participants. This study followed the
Helsinki Convention’s ethical principles, and it was approved by the Ethical
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Committee of the Faculty of Education and Sport Sciences (University of Vigo,
Spain). In the rest of the manuscript, “participants” refers to school children.

Study Design

In the first stage, five raters used 13 video-recorded skills performed by 25
participants on the TGMD-3 to assess their motor competence (Carballo-Fazanes
et al., 2021). Initially, each skill was explained, one by one, to the participants. Next,
participants viewed a video, at normal speed and in slow motion, produced by the
author of the TGMD, showing the correct execution of the skills (Ulrich &Webster,
2014). Participants then performed three trials of each skill: The first one was a
practice trial permitting us to be sure they understood what they had to do, and the
other two were video-recorded (camera Nikon D5300) so that the FMS could be
measured by the raters later. This motor competence assessment relied upon the
TGMD-3 manual guidelines (Ulrich, 2019) for rating the 13 skills.

In the second stage of this research, carried out 9 months later, three out of the
five initial raters reached an agreement about assessing the performance criteria of
each skill on the TGMD-3 following an interrater consensus-building process.
Fifteen days later, the three raters measured the same 13 video-recorded skills of
the same 25 participants included in the first stage of the study.

Raters

In the first stage, five raters (convenience sample) assessed the TGMD-3 skills
performed by the 25 participants. Two raters were experts in TGMD assessment
(more than 5 years of experience using TGMD) and the other three novices. Of these
three, one had physical education background; one was a nurse with no physical
education and sports sciences training, but PhD student in terms of physical literacy
and motor competence; and the last one was a primary schoolteacher. Before
assessing school children’s motor competence performance, novice raters reviewed
the content of the TGMD-3 manual (Ulrich, 2019), and according to this, they
practiced the assessment of three children (different from those of the 25 children
whose FMS were assessed to study the interrater reliability).

In the second stage, the five raters were invited to participate, but just three
were available to be included. This sample of three raters was composed of one of
the expert raters and two novices (with physical education background and the PhD
student). After reaching the agreement regarding the TGMD-3 performance
criteria, the three raters assessed the motor competence of the same participants
assessed in the first stage.

Interrater TGMD-3 Criteria Consensus Building

Between their initial TGMD-3 ratings of participants and their second TGMD-3
ratings of the same participants after a 9-month washout, our three raters discussed
TGMD-3 criteria together and reached a consensus for how to best score the
participants’ performance on the TGDM-3. The 9-month interval was determined
according to the availability of the raters, since we wanted to guarantee a time
interval appropriate between assessments but, at the same time, that once the second
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phase was initiated, the three raters could perform all the tasks related to this stage of
the study uninterruptedly (reach the consensus, wait for a washout between reaching
the agreements and the second assessment, and perform the second assessment).
This was necessary to assuring that test conditions were similar for all raters.

First, each rater reviewed, individually, the performance criteria for the 13
skills (Figure 1). They had a repository of video recordings (different from those 25
children that participated in the present study) that they could use for the revision of
the performance criteria. The raters took notes regarding those performance criteria
that they considered more subjective. Subsequently, they met to discuss about their
perceptions and notes regarding each performance criteria of each skill. They spent
4 hr, split into two halves: one half to discuss locomotor skills and another one
about ball skills. They reached general agreements on factors that could apply
universally to all skills, and they reached specific agreements that were applicable
only to a particular skill (Tables 1 and 2). Finally, raters waited 2 weeks before
rating the 25 children in the second stage of the study.

Assessment Measure—TGMD-3

The TGMD-3 is a process-oriented test for assessing young children’s (aged 3–
10 years) gross motor skill performance (Ulrich, 2019). It is organized into two
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subtests, measuring locomotor and ball skills. The locomotor subtest measures
skills that require directional coordinated movements (run, gallop, hop, skip,
horizontal jump, and slide). The ball skill subtest measures skills related to
intercepting and propelling objects (two-hand strike, one-hand stationary dribble,
overhand throw, kick, forehand strike, two-hand catch, and underhand throw).
Each skill includes three to six performance criteria with each one scored as “0” or
“1,” depending on the criterion’s absence or presence. Thus, a score is obtained for
each skill, for each subtest, and the sum of these item skills from both subtests
comprises the overall test score. Scores ranged from 0 to 46 points for the
locomotor subtest, and 0 to 54 for the ball skill subtest, for an overall maximum
score of 100.

Statistical Analyses

Interrater reliability was assessed for all raters (Rater A ×Rater B ×Rater C). In
addition, pairwise analyses were also performed (Rater A × Rater B, Rater A ×
Rater C, and Rater B ×Rater C). We used the intraclass correlation coefficient
(ICC) to assess interrater reliability. Following Koo and Li (2016), we based ICC
values and their 95% confidence intervals (CIs) on a single measurement (type to
use the measurement from a single rater as the basis of the actual measurement),
consistency (definition when the same group of subjects is correlated in an additive
manner), and two-way random effects (model to generalize results to any raters
with the same characteristics). This type of ICC was selected to account for
systematic and random variance between and within raters (Maeng et al., 2017).
Values <.50 indicated poor reliability, values between .50 and .75 indicated
moderate reliability, values between .75 and .90 indicated good reliability, and
values >.90 indicated excellent reliability. Interpretation of ICC is based on lower
and upper bounds of the 95% CIs. For example, a .678 ICC (95% CI [.454, .798])
would be reported as poor-to-good reliability, since the lower bound is less than .50
(poor) and the upper bound is between .75 and .90 (good).

We performed all analyses using the Statistical Package for the Social
Sciences (SPSS, version 23) and set the statistical significance level at p < .05.

Results

Interrater Reliability of Locomotor Skills

The three raters’ interrater reliabilities (ICC and 95% CI) of the participants’
locomotor skills are shown in Table 3. Run and hop skills had poor interrater
reliability, both initially and after the raters’ consensus-building process for
performance criteria. For other locomotor skills, interrater reliability was higher
after the consensus-building process in all pairwise rater comparisons. In the first
stage, the interrater reliability calculated across the three raters’measurements was
at least moderate in two skills (gallop and skip: moderate to good in both skills);
however, on the second ratings following interrater consensus building, it was
good-to-excellent for slide and skip and moderate-to-excellent for gallop and
horizontal jump. Thus, scoring reliability for these three raters improved after the
interrater consensus building.
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Interrater Reliability of Ball Skills

Interrater reliabilities (ICC and 95% CI) of ball skills are shown in Table 4. There
was poor interrater reliability for kick, forehand strike, and underhand throw skills
on the initial ratings before consensus building, but ICC values associated with
these three skills overcame the .50 threshold in all analyses after the raters’
consensus building. A particularly pronounced improvement was evident in the
cases of forehand strike and underhand throw, for which interrater reliability after
consensus building was, at least, moderate-to-excellent in all pairwise compar-
isons. Regarding interrater reliability calculated across the three raters’ measure-
ments, raters reached moderate-to-excellent reliability for three skills (two-hand
strike, forehand strike, and underhand throw) and good-to-excellent reliability in
one skill (overhand throw) after consensus building, while, initially, just one of the
seven ball skills (two-hand strike) reached moderate reliability.

Interrater Reliability on TGMD-3 Subtest Scores and Overall
Scores

Interrater reliabilities (ICC and 95% CI) of subtest and overall scores are shown in
Table 5. Raters showed improvements when comparing initial ratings to second
ratings 9 months later following consensus building. In the case of the locomotor
subtest, there was improved reliability in all analyses from initial ratings to
postconsensus-building ratings. Regarding the ball subtest, interrater reliability
was only worse between Raters A and B (moderate-to-excellent) before the
consensus compared to after the consensus (good-to-excellent). Reliability of
overall scores remained the same for ratings made before and after the raters’
consensus building around performance criteria.

Discussion

In this study, we aimed to determine interrater reliability among raters of children’s
TGMD-3 motor skills before and after raters’ consensus building about perfor-
mance skills’ performance criteria. Across the three raters, at least moderate
reliability was reached in four of the six locomotor skills after consensus-building
process (two of six before consensus): slide, gallop, horizontal jump, and skip.
Regarding ball skills, four of the seven reached at least moderate reliability (one of
seven before consensus): two-hand strike, overhand throw, forehand strike, and
underhand throw. Finally, interrater reliability improved from poor-to-good
(before consensus building) to moderate-to-excellent (after consensus building)
in the locomotor subscale score. Ball subscale score and overall score remained
equal before and after consensus building.

More specifically, for locomotor skills, raters reached at least moderate
interrater reliability when rating four out of the six skills after their consensus
building, compared to reaching this level of interrater reliability for only two out of
six skills on their initial ratings. After rater consensus building, the most improved
ratings were on the locomotor skills of slide and horizontal jump skills, for which
interrater reliability improved from poor-to-good (slide) and poor-to-moderate
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(horizontal jump) initially to good-to-excellent (slide) and moderate-to-excellent
(horizontal jump) on the second ratings. This improvement might demonstrate the
importance, and value of having raters collectively objectifies the assessment
criteria. The locomotor skills with the lowest reliability were run and hop in both
stages, and other research efforts have also documented lower interrater reliability
for judging these skills (Carballo-Fazanes et al., 2021; Maeng et al., 2017;
Valentini et al., 2017), possibly due to the extra subjectivity or complexity in
their measurement criteria. For instance, one criterion in the run is “narrow foot
placement landing on heel or toes (not flat-footed),”which is difficult to perceive in
each stride in the live assessments or even in video assessments, since the camera
should be far enough away to record 20 m of running. Also, different prior studies
have reported that the hop skill has the lowest interrater reliability on the TGMD-3
(Carballo-Fazanes et al., 2021; Rintala et al., 2017; Valentini et al., 2017).
However, Maeng et al. (2017) found interrater reliability highest on the hop skill.
On this skill, two performance criteria might be particularly subjective: “Non-
hopping leg swings forward in pendular fashion to produce force” and “Arms flex
and swing forward to produce force.” Especially the part of these criteria
describing “ : : : to produce force” requires raters to differentiate between swinging
as a natural movement in balance and swinging specifically to produce force.

Previous research has also demonstrated assessment complexity for ball skills
(Barnett et al., 2014), and, as a result, ball skills have shown poorer interrater
reliability than locomotor skills (Carballo-Fazanes et al., 2021). However, in our
study, even on these more complex skills, raters improved their interrater reliability
from their initial ratings to after the consensus-building process. In this regard,
agreement between the three raters was at least moderate just in one ball skill before
the consensus-building process, reaching at least a moderate-to-excellent interrater
reliability in four ball skills in the second stage of the study.

In the current study, the most problematic ball skills for understanding
interrater reliability on the TGMD-3 were the one-hand stationary dribble, two-
hand catch, and kick. Based on the existing literature, no agreement on the quality
of interrater reliability can be established for these skills. For instance, Barnett et al.
(2014) obtained lower reliability values in catch skill while the rater agreement for
the kick was excellent. Consistent with our findings, other studies (Carballo-
Fazanes et al., 2021; Y. Kim et al., 2012; Maeng et al., 2017; Rintala et al., 2017)
found poor-to-moderate reliability for kick skill. Again, we consider that this could
be due to the subjectivity of the criteria for this skill: “Nonkicking foot placed close
to the ball.”What is considered “close to the ball?” In our study, some raters only
considered children “close to the ball” only if their foot was just next to the ball,
while others allowed some distance between the ball and the foot. These individu-
alistic interpretations might contribute to rating variance and fluctuations in
interrater reliability indices.

The same discordance applies to one-hand stationary dribble, for which our
results indicated poor interreliability in both stages. Yet, the rater agreement was
excellent in Maeng et al.’s (2017) research. On this skill, our raters expressed the
greatest difficulty with the following criteria “Pushes the ball with fingertips (not
slapping at the ball)” and “Contacts ball with one hand at about waist level.”
Despite conducting video assessments and being able to stop and slow motion the
action, our raters found such short time-lapse movements difficult to code. In this
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case, our lower interrater reliability index even after raters had a chance to build a
performance criteria consensus might come from an incorrect application of one of
their general agreements: “If the rater has doubts in assessing a performance
criterion, it will be scored as ‘1.’” This general agreement was established
considering that FMS is part of the child’s gross motor development in which
the movement assessment of specific performance criteria should not be as
exacting as in the assessment of a technical movement of, for example, a sports
performance.

Concerning the subtest scores, our results showed higher interrater reliability on
these holistic indices than for the individual skills. Most previous studies also
obtained good-to-excellent interrater reliability on locomotor and ball subtest scores
and the overall score (Estevan et al., 2017; S. Kim et al., 2014; Lopes et al., 2016;
Mohammadi et al., 2019; Simons et al., 2008; Valentini, 2012; Valentini et al., 2017;
Wagner et al., 2016), and this level of interrater reliability was higher than in our
study. In any case, reliability related to subtests scores, in our study, increased after
consensus building from levels demonstrated before consensus building, especially
on locomotor subtest scores that improved from poor-to-good to moderate-to-
excellent interrater reliability. Interestingly, although interrater reliability increased
in several skills and in the locomotor subscale, ball skill subscale and overall score
remained with the same interrater reliability after the consensus building. Subscales’
scores and overall score result from the sum of the score of each skill, whose scores
are the sum of each performance criteria. Thus, the score of a subscale (or overall
score) might be similar between raters with different ratings in the individual skills. It
is important that physical education teachers, researchers, and all of those that are
working in the FMS assessment field are aware about that since it may be considered
a “double-edged sword.” On one hand, agreement in the subscales’ scores and
overall scores do not mean necessarily agreement in the score of the skills; on the
other hand, subscales’ scores and overall scores are not discriminative enough for
detecting the need for specific interventions in particular skills.

Our different findings from previous studies may be because we used more
demanding descriptors for our ICC values (Koo & Li, 2016). For example, we only
considered ICC values above .75 as good and those above .90 as excellent
reliability. In contrast, from a qualitative perspective, other studies considered
ICC values above .60 as good and above .75 as excellent (Capio et al., 2016;
Estevan et al., 2017; Houwen et al., 2010; Mohammadi et al., 2019; Rintala et al.,
2017). In effect, if we had interpreted the ICC the same as these earlier studies, our
interrater reliability would have also been good-to-excellent on subtests and overall
TGMD-3 scores. In addition, although some studies only used ICC values for
interpreting reliability (Ayán et al., 2019; Aye et al., 2017; Barnett et al., 2014;
Estevan et al., 2017; Houwen et al., 2010; S. Kim et al., 2014; Y. Kim et al., 2012;
Maeng et al., 2017; Rintala et al., 2017; Valentini et al., 2017), we followed
recommendations fromKoo and Li (2016) and used both lower and upper values of
the 95%CI, which avoids incomplete or confusing information providing the range
in which each ICC lies; according to this, if we had not reported the CIs, assuming
ICC values over .50 as moderate reliability, our results would show moderate
reliability across the three raters in six of the seven ball skills (not only in four of
seven). This, together with the fact that various investigators performed other
statistical tests for assessing reliability, such as kappa (Lopes et al., 2016) or
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Pearson’s coefficient (Simons et al., 2008), might explain why interrater reliability
was lower in the present study despite our raters’ improved agreement. Although
previous investigations stated the need for interrater consensus building before
assessment (Barnett et al., 2014; Cano-Cappellacci et al., 2015; Houwen et al.,
2010; Maeng et al., 2017), our study is the first to show the benefits of reaching a
consensus between raters about performance criteria before they conducted FMS
measurements.

Although our study showed better interrater reliability in some skills and
locomotor subscale scores after than before the consensus-building process, we
are aware that other raters might reach other agreements in other consensus-
building process. As was already mentioned, scoring using process-oriented tools
might be a complex task in which different factors such as experience and
knowledge of the rater and subjective component of the performance criteria are
involved. In addition, there are several tools that, assessing the same skills, tested
them in different ways (Barnett et al., 2020). Therefore, if authors of tools that
have shown reliable results in FMS assessment (experts in the field) understand
the assessment of certain skills in different way from each other, the same can
occur with the interpretation of the performance criteria by raters. In this sense,
our results show the usefulness of reaching agreements before FMS assessment,
considering the psychomotor learning assessments as a key component of the
quality physical education (Donnelly et al., 2017), and that different physical
education teachers might be working together in the same school. Moreover, both
the aim of our study and the results found are in line and facilitate some of the
principal uses of the TGMD-3, not only in the physical education field, but also in
any field in which it is pretended to plan an instructional program in gross motor
skill development or to evaluate the success of a gross motor program. Finally,
although previous studies described that raters were trained or that they reached
agreements before scoring children’s motor competence, in the present study the
process of consensus building is described and all the agreements are shown,
which can be used, or even discussed, by professionals involved in FMS
assessment field.

Limitations and Directions for Further Research

Some limitations to this study should be noted. First, we used a small sample of 25
healthy children as examinees (convenience sample), and our results should be
replicated with a larger and more diverse sample (e.g., varying socioeconomic
backgrounds and laterality preferences) and with a greater number of raters of
different background experiences (e.g., experts and nonexperts in FMS assessment,
teachers, and healthcare professionals). This would permit a more precise under-
standing of rater agreement for motor competence measurements with process-
oriented test batteries. Also, of possible relevance, our 25 child participants were
assessed by the raters twice. Since Ulrich (2019) suggested that raters may have
introduced some memory bias after a 14-day washout period, we introduced an
interval of 9 months in the present study to manage this potential confound. In
addition, three raters participated in the second stage of this study. Although a recent
systematic review (Rey et al., 2020) showed that interrater reliability of the different
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versions of the TGMDwas assessed by two raters in the majority of the studies, this
small number of raters has to be taken into account when interpreting the results.

Regarding general improvements in methodology that are needed in this line
of research, the use of different statistical analyses across studies complicates
comparing reliability results, and there is value in standardizing this approach. Of
still greater importance, rather than a building rater consensus on performance
criteria in separate studies, there is a need for common agreement and common
training across all users of the TGMD-3 such that interrater reliability is not only
improved within a research team but across research teams and clinical
practitioners.

Finally, even after achieving satisfactory interrater agreement, questions arise
as to how this consensus is sustained over time and when renewed training and
consensus building may be needed. This information is relevant, especially in
studies in which measurements of children’s FMS span various periods, such as in
intervention and longitudinal research.

Conclusions

In this study, we showed that rater’s agreement on performance criteria might
improve interrater reliability in assessing children’s TGMD-3 skills. We recom-
mend that in both research and clinical uses of the TGMD-3, to guide appropriate
curriculum interventions in physical education, care should be taken to engage in
consensus building to improve rater agreement about complex performance
judgments on this subjective qualitative measure. Ideally, there should be a sharing
of improved rating criteria across studies to allow for a common agreement and
specific, standardized rater training for all users of the TGMD-3.
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