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1. Introduction

ABSTRACT

Objectives: The study aim was to assess rater agreement of the Resistance Training Skills Battery (RTSB)
for adolescents. The RTSB provides an assessment of resistance training skill competency and includes
six exercises. The RTSB can be used to assess performance and progress in adolescent resistance training
programmes and to provide associated feedback to participants. Individual skill scores are based on
the number of performance criteria successfully demonstrated and an overall resistance training skill
quotient (RTSQ) is created by summing the six skill scores.
Design/methods: The eight raters had varying experience in movement skill assessment and resistance
training and completed a 2-3 h training session in how to assess resistance training performance using
the RTSB. The raters then completed an assessment on six skills for 12 adolescents (mean age = 15.1 years,
SD=1.0, six male and six female) in a randomised order.
Results: Agreement between seven of the eight raters was high (20 of the 21 pairwise correlations were
greater than 0.7 and 13 of the 21 were greater than 0.8). Correlations between the eighth rater and each
of the other seven raters were generally lower (0.45-0.78). Most variation in the assigned RTSB scores
(67%) was between cases, a relatively small amount of the variation (10%) was between raters and the
remainder (23%) was between periods within raters. The between-raters coefficient of variation was
approximately 5%.
Conclusions: The RTSB can be used reliably by those with experience in movement skill assessment and
resistance training to assess the resistance skill of adolescents.

© 2013 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

children and adolescents provided that appropriate training guide-
lines are followed and qualified instruction is available.3-10

Youth physical activity guidelines have identified strength as
an important health related factor,! and current public health
objectives now aim to increase the number of school-age youth
who participate in muscle strengthening activities.? Regular
participation in an age-appropriate related resistance training pro-
gramme can enhance muscular fitness, power and motor skill
performance.>~> Furthermore, resistance training interventions in
youth can have a positive influence on metabolic health, body
composition, cardiorespiratory fitness, blood lipids, bone mineral
density and insulin sensitivity.>” There is clear evidence that resis-
tance training can be a safe, effective and worthwhile activity for

* Corresponding author.
E-mail address: lisa.barnett@deakin.edu.au (L. Barnett).

Resistance training programmes are usually evaluated using
‘product’ type fitness tests that assess muscular strength and
local muscular endurance!’!'? (i.e. ‘how heavy’ or ‘how many
repetitions’), rather than providing meaningful feedback on move-
ment skill technique. Movement skill technique is important when
assessing the fundamental movement skill competency (i.e. the
ability to throw and kick) of children and adolescents as this type
of ‘process’ assessment involves specific feedback regarding which
particular components of the skill need to be improved for sat-
isfactory movement skill performance. A process oriented skill
assessment involves assessing the ‘presence’ or ‘absence’ of a num-
ber of components/criteria per skill that are considered essential
for mastery of that particular skill. For example, a component of a
successful kick is the ability to place the non-kicking foot even with
or slightly behind the ball.’3
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At present, a process oriented assessment is not commonly used
in youth resistance training programmes. Therefore, the Resistance
Training Skills Battery (RTSB) was developed to assess adolescents’
skill competency in resistance training.'* Potentially, the RTSB
could be used to assess each participant’s individual performance
and, when appropriate, provide general information regarding
group level performance and progress in adolescent resistance
training programmes, while providing constructive feedback to
participants. The RTSB includes six skills with each skill involving
movements which are considered to provide the basis for strength
development. These six skills are summed to provide a resistance
training competency total quotient (RTSQ). Initial research was
conducted to determine the one week test-retest reliability of the
RTSB with 63 adolescents (mean age of 14 years). It was found
the RTSB could be used to reliably rank both male and female
adolescents on overall resistance training competency and that
the RTSB had the necessary sensitivity to detect small changes
in resistance skill competency. The RTSB also showed evidence of
construct validity, with the RTSQ predicting 39% of variance in mus-
cular fitness (assessed using handgrip strength, timed push-up and
standing long jump tests).!* However, the skills in this study were
all assessed by the same research assistant, so rater agreement for
the RTSB has not been established.

Rater agreement is the measurement of the consistency or
agreement in scores obtained from two or more raters,!>16 and is
important to consider when assessing movement skill proficiency.
It is imperative to demonstrate that if a group of raters receive
the same training in instrument administration, that they are then
able to reliably assess participants’ skill competency, otherwise the
instrument has limited applicability in the field. Studies of rater
agreement in the health literature are often underreported, and
when they are reported, they tend to be incomplete and inade-
quate; therefore, there is a need for such studies to be performed
in the future.!”

When assessing rater agreement it is possible to test the effect
of the participant, the rater and also the order of assessment.
Analysing for a potential order effect enables an understanding of
whether there is a systematic difference occurring during assess-
ment independent from rater differences. For example, if a rater
first assesses two adolescents who are poor performers of a skill,
the rater as a consequence may then inflate the score of the next
adolescent simply because the performance is so much improved
from the previous skill performance. Agreement studies that do not
test for an order effect are therefore not assessing a potential source
of systematic variation. Therefore, the aim of the current study was
to assess inter-rater agreement and reliability of the RTSB using the
RTSQ. Ordering effects were also assessed.

2. Methods

Approval for the study was gained from the University Research
Ethics Committee and the school principal from one secondary
school in New South Wales (NSW), Australia. Parental permis-
sion and child assent were obtained. The protocol is described
elsewhere,'* but briefly, students completed assessments at school
as part of ‘all male’ or ‘all female’ groups of three or four. Stu-
dents observed demonstrations by a research assistant and only
questions relevant to the particular exercise (e.g. number of repe-
titions) were allowed. Encouragement was provided but not skill
specific feedback. Students completed two trials of four repetitions
for each skill in the following order: (i) body weight squat, (ii) push-
up, (iii) lunge, (iv) suspended row, (v) standing overhead press and
(vi) front support with chest touches. Trunk stability is assessed
via front support and chest touches, upper body pushing strength is
assed via a push-up, upper body pulling strength is assessed via a

suspended row, lower body bilateral strength is assessed via a squat,
and lastly, lower body unilateral strength is assessed via the lunge.
The exercises therefore target the major muscle groups: lower body
(squat/lunge), chest, back and arms (push-up and suspended row),
shoulders (standing overhead press) and core (front support with
chest touches). The exercises were all done with only body weight
- no additional weight was added. A digital video camera recorded
skill attempts. Each skill has four (push-up and suspended row) or
five (body weight squat, lunge, standing overhead press and front
support with chest touches) performance criteria. Please see Sup-
plementary Table 1. Scoring was based on the best performance of
the skill during the four repetitions for each of the two trials. Partic-
ipants were awarded a ‘1’ for each criteria correctly demonstrated
and ‘0’ if it was not correct. The score for each trial were summed
and then totaled for each skill and then the skill scores were all
summed for the resistance training skill quotient (RTSQ) (possible
range 0-56).'4

Supplementary material related to this article can be
found, in the online version, at http://dx.doi.org/10.1016/
jJjsams.2013.11.012.

For this current study, video assessments of the six skills were
selected by taking a stratified random sample of 12 students (Mean
Age 15.1, SD=1.0) from the pool of 63 students in the original
study (44 males, 19 females). Assessments used for analysis in this
manuscript were the first assessments of two trials (assessments
were conducted on two occasions seven days apart to determine
test retest reliability; this has already been reported!#). Firstly, all
video assessments were grouped by sex and then tertiles were
assigned based on the scores assigned previously by the research
assistant. Girls and boys performed differently in this original
assessment. For girls, the first tertile was a score less than 43 out
of the possible 56, the second tertile was from 43 to <47 and the
third tertile was >47. For boys, the first tertile was <40, the second
tertile 40 to <47 and the third tertile was >47. Then two students
were randomly selected from each of the six strata.

Eight raters independently assessed the six videotaped skills for
all 12 students (a total of 72 skill assessments per rater). Raters
had a range of backgrounds with varying combinations of relevant
qualifications, movement skill assessment coding and resistance
training experience. Please see Box 1.

Supplementary material related to this article can be
found, in the online version, at http://dx.doi.org/10.1016/
jjsams.2013.11.012.

Eachrater was sent a RTSB training package that included videos
for each skill that had been classified in terms of the previous
scoring as ‘poor’ (i.e. few criteria performed correctly), ‘medium’
(most criteria performed correctly) or ‘high’ performance (all crite-
ria performed correctly). For example there were three videos of
three different students performing the squat to a ‘poor’, ‘medium’
or ‘high’ level. Raters were asked to firstly view these videos and
the accompanying scoring sheets which showed how the student
had been previously coded. When raters considered they under-
stood the scoring protocol they were asked to code the six skills
for each of the 12 students in a specific pre-determined order that
was assigned to them. Raters spent on average 90 min developing
an understanding of the scoring protocol and 120 min scoring the
trials.

The order of student assessment (i.e. 1-12 positions) was ran-
domised for each rater. A rater (1, ..., 8) was allocated to a
presentation order for the assessments by randomly selecting a
column from the design matrix for a row-column design. The
row-column design (rows = positions and columns = raters) had the
following properties: (1) each student was assessed once by each
rater, (2) each student was evaluated no more than once in a
position, (3) each pair of students appeared in the same assess-
ment position between 4 and 7 times, and (4) each student was
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Table 1

Summary statistics for each of the 12 cases.
Case Mean? Median Variance® Max Min CV (%) Tertile/sex
139 49.75 f 51.0 9.36 53 45 6.15 High/boy
146 49.12 f 49.0 3.27 52 47 3.68 High/boy
158 46.75 ef 48.0 11.07 50 40 7.12 High/girl
165 4412 de 44.5 12.98 50 38 8.17 Mid/boy
162 4325 cd 435 10.21 48 39 7.39 High/girl
120 40.88 bc 41.0 12.70 45 34 8.72 Mid/boy
156 40.62 bc 40.0 10.55 45 35 8.00 Mid/girl
130 39.88b 40.0 24.70 48 32 12.46 Mid/girl
172 36.75 a 37.0 12.21 40 30 9.51 Low/boy
164 35.88 a 36.5 15.55 41 30 10.99 Low/boy
127 35.00 a 35.0 18.86 43 28 12.41 Low/girl
157 33.88a 35.5 21.27 40 27 13.61 Low/girl

3 Means with a lower case letter in common are not significantly different (LSDg s =3.051).

b Variance between raters for each case.

preceded by every other student no more than once. The design
was not balanced for the residual effect (if any) of the evaluation
of the preceding student on the evaluation of the current student
as this would have required a larger design (such as a Williams’
Square) and recruitment of more raters. Nevertheless the chosen
design allowed these residual, or carryover, effects to be estimated.

As a check on the overall discrimination of the eight raters,
a nested analysis of variance (ANOVA) with raters regarded as a
random effect and students regarded as a fixed effect, explored
whether there was significant variation between the means of the
12 students. In addition, for each student, the variance between
the raters was calculated as a check on the stability of the overall
assessments and Bartlett’s test was used to assess the homogeneity
of these within-student (i.e. between-rater) variances. Similarly, for
each rater, the variance between the students was calculated as a
check on their discrimination and Bartlett’s test was used to assess
the homogeneity of these within-rater (i.e. between-student) vari-
ances. Diagnostic plots of fitted values and residuals were viewed
to assess outliers and to check for variance-mean relationships.
Agreement between pairs of raters was assessed by computing
Pearson’s correlation coefficient. The residual effect of the assess-
ment of the previous student on the assessment of a student was
investigated via a mixed model analysis (using REML) in which
raters (1-8) and positions (1-12) were regarded as random effects
and students, and the previous student (including no previous stu-
dent, i.e. assessment occurred in the first position), were regarded
as fixed effects. Lastly, in a random effects analysis, variance com-
ponents for students, raters, and, assessments within raters were
estimated to enable intraclass correlations to be reported. All
analyses were conducted using GenStat Release 14.2 statistical
software.!®

3. Results

Mean scores for the 12 cases ranged from 33.88 to 49.75
(Table 1). Table 1 also shows the original tertile assigned to each

case (i.e. high/medium/low) and the minimum and maximum score
assigned for each case by any of the raters. Diagnostic plots of fit-
ted values and residuals showed only one potential outlier (rater 8's
relatively low assessment of case #139). The nested ANOVA indi-
cated significant variation between the cases (p <0.001). Two of the
12 cases appeared to have relatively high between-rater variance
(or potential discordance), namely cases #130 and #157 and two
of the 12 cases, namely cases #146 and #139, appeared to have rel-
atively low between-rater variance (or reasonable concordance).
The variance also appeared to vary with the mean (lower variances
at the high end of the scale where the scores have an upper bound of
56, and higher variances in the middle of the scale, namely 27-40).
Homogeneity of these between-rater (within-case) variances was
explored using Bartlett’s test and, despite the apparent differences,
there was no significant departure from homogeneity of variance
(x?11=8.18; p=0.697).

Agreement between seven of the eight raters was high (20 of
the 21 pairwise correlations were greater than 0.7, 13 of the 21
were greater than 0.8 and the range was 0.67-0.94). Correlations
between the eighth rater (r8) and each of the other seven raters
were generally lower (0.45-0.78) and this eighth rater also had
the highest mean score (Table 2). Mean scores for the eight raters
ranged from 37.50 to 43.67. Table 2 also shows the maximum and
minimum score given by each particular rater (Table 2). ANOVA
indicated significant variation between the raters (p <0.001). Two
of the raters (r1 and r7) appeared to have relatively high between-
case variance, indicating either high discrimination or instability,
or, both. One rater (r2) appeared to have relatively low between-
student variance, indicating either low discrimination or, moderate
to high, stability, or, both. Homogeneity of these between-student
(within-rater) variances was explored using Bartlett’s test and,
despite the apparent differences, there was no significant departure
from homogeneity (x%7 =5.79; p=0.565).

The mixed model analysis showed no significant effect of first
position (i.e. no previous assessment) versus the other positions

Table 2

Correlations between raters and summary statistics for each rater.
Rater Correlations between raters Mean?® Median Variance Max Min CV (%)
r8 1 43.67d 45.0 26.61 50 34 11.8
6 0.74 1 43.58d 44.0 24.63 52 37 114
r2 0.45 0.85 1 42.75d 42.0 18.93 51 37 10.2
5 0.77 0.87 0.82 1 42.42 cd 40.5 34.45 50 35 138
r4 0.52 0.86 0.75 0.81 1 41.42 bed 40.5 34.63 51 35 14.2
r3 0.69 0.86 0.81 0.83 0.67 1 40.08 bc 40.0 49.17 53 29 17.5
r7 0.68 0.91 0.72 0.80 0.71 0.87 1 39.17 ab 38.5 55.61 52 27 19.0
rl 0.78 0.82 0.73 0.94 0.77 0.82 0.79 1 37.50 a 37.0 55.73 49 28 19.9

r8 6 r2 5 r4 3 r7 rl 41.32 40.5 39.08 53 27 15.1

CV, coefficient of variation.

2 Means with a lower case letter in common are not significantly different (LSDg 5 = 2.492).
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Table 3
Sources of variation in the 96 assessments (12 cases by 8 raters).

Source of variation Variance component

Intraclass correlation? Coefficient of variation®

Between cases 28.07
Between raters 417
Within raters 9.40

67.4% 12.8%
10.0% 4.9%
22.6% 7.4%

2 Percentage of the total variance accounted for by the variance component.

b Square root of the variance component divided by the grand mean (expressed as a percentage).

(p=0.788) and no overall residual or carryover effect of the assess-
ment of the previous student on the current assessment of a student
(p=0.411). When raters (n=38) and students (n=12) were regarded
as random effects, the total variance in the 96 RTSB scores was
mostly between students (67%), a relatively small amount of the
variation (10%) was between raters and the remainder (23%) was
between periods within raters (Table 3). The between-raters coef-
ficient of variation was approximately 5%.

4. Discussion

This study has shown that the RTSB'# can be used reliably to
assess the resistance training skill competency of adolescents. The
variation between raters was relatively small, with most of the
variation being due to the particular cases that were assessed.
Seven of the eight raters commonly had high agreement (pair-
wise correlations over 0.80). Even the eighth rater (who generally
had lower agreement), still had only two pairwise correlations that
were below 0.68. Studies which use a process oriented battery to
assess the movement skills of children have reported high inter-
rater reliability statistics. For example, a recent Brazilian study
involving children reported an ICC of 0.88 for the locomotor sub-
test and 0.89 for the object control subtest in the Test of Gross
Motor Development (TGMD-2).19 Similarly, a study of Australian
preschool children using the TGMD-2 reported similar results for
both subtests (locomotor ICC=0.92 and object control ICC=0.90).2°
Thus, our estimate of the interrater reliability statistic (ICC=0.67)
for our assessment battery of resistance training skills is lower than
such statistics reported in studies of children’s movement skill abil-
ity that use process oriented instruments. This could be for several
reasons. Firstly, the Brazilian study described their raters as ‘expert’
and the Australian study reported raters received 12 h of training,
whereas in the current study only three of the eight raters could
be called ‘expert’ (based on a criteria of extensive experience in
movement skill assessment combined with some resistance train-
ing experience) and the training period was less. Secondly, our
study involved eight raters whereas the Brazilian study involved
three raters and the Australian study used four raters. Having a
higher number of raters purposively selected to have varying lev-
els of experience will increase the observed between-rater variance
component and, all other things being equal, decrease the interrater
reliability. Furthermore the inclusion of one relatively inexperi-
enced professional whose agreement with the other seven raters
was low may have further inflated the between and within rater
variance components.?! In a post hoc analysis, we excluded the 8th
rater and found that the ICC measure of rater agreement increased
from 0.67 to 0.71.Finally it does not appear that either of these stud-
ies used a mixed model where potential variance was explained
at each potential level (the student/the rater — both between and
within) which may also have influenced results. It has been noted
in an article which proposes guidelines for reporting reliability
and agreement studies that although ICC values are reported in
many health research studies it is often not clear what ICC is being
reported and how the analysis has been performed.!” The same
article also suggests that values above 0.60, 0.70, or 0.80 are all
reported as minimum values for reliability coefficients, and these

values should be seen as appropriate for group-level comparisons
and/or research purposes; accordingly, the ICC value found for
the current study could be regarded as having met a minimum
standard.!”

Of note, when considering the mean scores for each rater, the
raters with less experience coding movement skills had higher
overall means than the three raters with considerable experience,
even though all raters had relevant backgrounds. The rater with the
highest mean score (r8) was the rater with little previous experi-
ence. It might be expected that those with experience in observing
and coding movement patterns in adolescents would exhibit higher
levels of discernment when assessing movement skills and there-
fore apply more precise scoring. This information may be useful to
researchers recruiting movement skill assessors, as well as physical
education teachers who may solicit assistance from others during
class testing.

Furthermore 10 of the 12 cases were all rated in the same ter-
tile as those originally assigned, giving further evidence towards
the potential of this instrument to be used by a number of raters
in a reliable fashion. This study also showed there were no order
effects indicating that raters should be able to assess participants
in any order and still achieve reliability. However it must be noted
that whilst the order of watching and assessment was specified
clearly for each rater, the assessment order was not supervised by
the researchers. Order effects are not generally reported in litera-
ture reporting reliability of movement skill assessment, although
one study in preschool children reported that they intentionally
ordered the skills for ease of assessment.?? This study did not
however assess any potential order effects in the rater agreement
analysis.??

5. Conclusion

In conclusion, given the high agreement between seven of the
eight raters and the relatively low between-rater coefficient of vari-
ation, namely 5%, we believe that the RTSB can be used reliably to
assess skill competency in selected resistance training exercises in
adolescents.

Practical implications

e Raters’ with experience in movement skill assessment coupled
with at least recreational resistance training experience, are able
to reliably assess participants’ skill competency after a short
training.

e The RTSB can be used reliably in adolescent resistance train-
ing interventions when supervised by trained assessors with the
appropriate backgrounds.

e Results from the current study coupled with our previous findings
highlight the potential usefulness of the RTSB.
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