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ORIGINAL RESEARCH

INTER-RATER AGREEMENT AND VALIDITY OF A
TACKLING PERFORMANCE ASSESSMENT SCALE IN
YOUTH AMERICAN FOOTBALL
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Ajit M. Chaudhari, PhD?
John A. Buford, PhD, PT?
James A. Onate, PhD, ATC?
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ABSTRACT

Background: Long term neurologic injury and concussion have been identified as risks from participation
in American football. Altering tackling form has been recommended to reduce the risk of neurologic injury
caused by head accelerations when tackling. The purpose of this research is to determine the inter-rater
agreement and validity of the Qualitative Youth Tackling System (QYTS), a six-item feedback scale to cor-
rect tackling form, when utilized by novice and expert raters.

Hypothesis: Experienced raters will have higher levels of agreement with each other and with motion
capture when compared to novice raters.

Methods: Both novice and experienced raters viewed video of youth athletes (ages 9-13) tackling a dummy
in a laboratory setting along. The raters identified successful performance according to a binary rating
scale for each component. Analysis of both the raters’ agreement with each other and with an objective
motion capture measure were completed.

Results: Fliess’ Kappa measures between all raters were found to be moderate for head placement (k =.48),
fair for cervical extension (k=.38), trunk inclination (k=.37), shoulder extension (k=.27) and step length
(k=.29), and there was no agreement for pelvic height (k=.-16). When compared to the dichotomized vali-
dation measures of each of the five components provided by the motion capture system the average Cohen’s
Kappa agreement was substantial for pelvic height (k=.63), fair for step length (k=.34), cervical extension
(k=.40), trunk inclination (k=.35), and slight for shoulder extension (k=.16). The experienced raters out-
performed the novice raters in all categories.

Conclusion: The results of this study indicate that skilled raters are better able to identify the movement
patterns included in the QYTS when compared to a validation measure as well have higher rates of inter-
rater agreement than novice raters.

Level of Evidence: 3b
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INTRODUCTION

A 2015 position statement by the American Academy
of Pediatrics recommended, “officials and coaches
must enforce the rules of proper tackling, including
zero tolerance for illegal, head-first hits.”! Concus-
sions in high school football occur at a rate of 6.71
injuries per 10,000 athlete exposures, this number
jumps to 30.07 injuries per 10,000 athlete exposures
in competition.? Poor form, creating head contact
during blocking and tackling is the most prevalent
mechanism of injury or activity associated with
concussion in American football.? An appropriate
instruction and feedback methodology to improve
tackling form has yet to be determined. Verbal feed-
back is the standard mechanism utilized to improve
movement technique in athletes of all ages and
sports. The ability to provide consistent and valid
feedback is crucial to the success of any coaching
intervention, yet often high rates of variability exist
in the provision of feedback.

Coaches and medical professionals often visually
estimate activity in order to provide feedback. Cau-
tion should be exercised when providing feedback
developed solely from visual estimation, as this tech-
nique can create highly variable feedback. While
visual estimation of movement patterns is standard
practice in coaching?, the use of additional measure-
ment techniques such as video applications has
increased.*” Visual estimation of joint motion has
been reported to be highly variable with limitations
in its accuracy.® Despite these concerns, visual
estimation of movement requires no equipment
and can be performed immediately without data
processing. Due to this simplicity, visual estimation
of movement is commonly utilized in movement
instruction and training. Rater training and utiliza-
tion of standardized procedures has been shown to
improve rater agreement in assessment of dynamic

movements.'? 14

Providing consistent feedback to learners is impor-
tant to develop the skill being learned. When devel-
oping motor strategies, learners are better able to
attain a higher level of performance when the model
or feedback they receive is consistent.'>! Combined
feedback from visual estimation and other sources
are common in feedback mechanisms and with
training can be reliable. The purpose of this study

was to identify the inter-rater agreement and valid-
ity of a six-criteria tackling scale utilizing video
review. Identification of the rater’s ability to provide
both consistent and accurate feedback is important
in developing training tools to improve tackling
form. The development of a standardized tackling
feedback tool will give sport and movement coaches
the ability to provide appropriate feedback both in
a verbal only mechanism as well as in combination
with other modalities. Therefore, the purpose of this
research is to determine the inter-rater agreement
and validity of the Qualitative Youth Tackling System
(QYTS), a six-item feedback scale to correct tackling
form, when utilized by novice and expert raters.

METHODS

The Qualitative Youth Tackling Scale (QYTS) is
a head up, vertical style tackle developed to limit
athlete head contact while completing an effective
tackle. The QYTS (Figure 1) is a visually observed,
objective based scale created to instruct a vertical,
head up tackling form that mimics the Heads Up
Tackle® form previously recommended by USA Foot-
ball.?® This scale is designed to provide feedback on
the components of the technique believed to be most
related to safety while maintaining performance.
This system applies quantifiable, objective actions
during the tackle to a subjective feedback mecha-
nism that aligns with the overall form requirements
of the Heads Up Tackle’. To determine an overall
score, participants are subjectively assigned a point
for successful completion of the specified move-
ment measure.

Inter-rater agreement was examined utilizing two
experienced clinicians with six (ATC) and ten years
(PT, ATC) of post-certification experience, respec-
tively, and two novice raters with no formal train-
ing in movement evaluation. All participants were
informed of the benefits and risks of participating
in this study and signed an IRB approved consent
form. Participants were provided with an interactive
text and video training module on the components
of the Qualitative Youth Tackling Scale (QYTS). The
rater training included an explanation of the correct
tackling form, examples of expert tackling, and an
immediate feedback pre-test utilizing video exam-
ples of youth athletes performing both correct and
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Cervical Extension:
Greater than 45 degree
with the trunk as
reference.

Head Placement: The head
is placed across the front
of the target, keeping spine
in line.

Shoulder Extension:
Shoulders extend on
approach to greater than
45 degrees using the
torso as a reference.
Hands to “holsters”.

Trunk Angle:
From 35 to 55 degrees with
the ground as reference.

Pelvic Height: Height of
their pelvis is 75% of their
standing height. Watch
pelvis during approach.

Step Length:

The last 3-4 steps of
approach. Athlete reduces
step length to less than 75%
of standing height.

Figure 1. Six item criteria evaluated during tackling training.

incorrect tackling. Each rater reported their evalu-
ation of the performance as correct or incorrect as
it pertained to the guidelines for each movement
item. Participants were required to achieve 80%
accuracy on the pre-test prior to rating experimen-
tal trials. The total time spent on the training prior
to rating the experimental videos was recorded to
determine training exposure. Participants were then
given 20 video trial examples to rate independently.
The raters were able to review the video as many
times as needed and were given full control over the
playback of each video. The total time to complete
the rating was recorded. Overall rater agreement
was calculated utilizing a Fleiss’ Kappa score. Rater
agreements between two experienced, two novices
and between experienced and novices were calcu-
lated utilizing Cohen’s Kappa scores and positive
(PA) and negative agreement (NA).

In order to understand the relationship between the
raters’ evaluation of the performance and the move-
ment being performed, agreement between the
raters’ scores and a validation standard were per-
formed utilizing a dichotomous split of the motion
capture data, within or outside of the desired range
of motion of the movement goal, to calculate aver-
aged Cohen’s Kappa scores, PA and NA. Because
accurate visual estimation is inherently difficult, the

validation measure was dichotomized in increasing
bands of five percent accuracy from 100% to 80%
using a Banded Cohen’s Kappa. This expanding band
is utilized to determine the potential accuracy of rat-
ers. An increasing rate of agreement indicates the
raters could be more accurate if they are allowed
increased latitude with their response. A decreas-
ing trend indicates increased latitude does not posi-
tively affect the agreement outcome and the raters
were already at their highest level of agreement. A
level line indicates no change in agreement with
increased latitude and that the measure is stable.
For example, the dichotomized acceptable shoul-
der movement was adjusted in increments of 5% of
45°: 95% =42.75", 90% =40.5", 85% =38.25, 80% =
36°. Averaged Cohen's Kappa scores, PA and NA
were then calculated for each point to determine if
an expanded definition of accuracy increased rater
agreement.

RESULTS

Fliess' Kappa measures between all raters were
found to be moderate for head placement (k=.48),
fair for cervical extension (k=.38), trunk inclination
(k=.37), shoulder extension (k=.27) and step length
(k=.29), and there was no agreement for pelvic
height (k=.-16) (Table 1). Cohen’s Kappa measures
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between experienced found substantial agreement
between ratings of cervical extension (k=.69), head
placement (k=.61), pelvic height (k=.73) and shoul-
der extension (k=.70). Step length results indicate
moderate agreement (k=.49) and trunk inclination
results indicate fair agreement (k=.24) (Table 2).
Cohen’s Kappa measures between the two novice
raters found moderate agreement for head place-
ment (k=.41). Step length (k=.34), trunk inclination
(k=.40), and shoulder extension (k=.34) were found
to have fair agreement. Slight agreement was found
for cervical extension (k=.15) and pelvic height
(k=.11) (Table 3).

When compared to the dichotomized validation
measures of each of the six components provided by
the motion capture system the Experienced rater’s

average Cohen’s Kappa agreement was substantial
for pelvic height (k=.68), moderate for step length
(k=.44) and cervical extension (k=.55) and fair for
trunk inclination (k=.31) and shoulder extension
(k=.27) (Table 4). The novice raters had lower levels
of agreement, moderate for pelvic height (k=.57),
fair for cervical extension (k=.25), trunk inclina-
tion (k=.39), and step length (k=.24) and slight for
shoulder extension (k=.05) (Table 5).

Banded Cohen’s Kappa comparisons utilizing aver-
aged measures from raters and the values derived
from motion capture found increasing agreement
in measures of trunk inclination (k=.35 to .50) and
shoulder extension (k=.16 to .55) with decreasing
required accuracy while the agreement between
raters and motion capture in pelvic height (k=.62

Table 1. Fleiss Kappa Measures between all raters.

Cervical Trunk Head Pelvic Shoulder Step
extension | Inclination | placement height extension length
Fleiss 038 037 0.48 -0.16 0.27 0.29
Kappa
Lower 0.20 0.19 030 -0.34 0.09 0.11
Bound
Upper 0.55 0.54 0.66 0.02 0.45 0.47
Bound
Fleiss Kappa Measures: Almost Perfect: 0.81-1, Substantial: 0.61-0.80, Moderate:0.41-
0.60, Fair: 0.21-0.40, Slight: 0-0.20. Negative scores indicate no agreement between
scoring.

Table 2. Cohen’s Kappa, Positive and Negative Agreement

percentage between AT raters.

Cervical Trunk Head Pelvic Shoulder Step
extension | Inclination | placement | height extension length
Cohen’s 0.69 0.24 0.61 0.73 0.70 0.49
Kappa
Positive 87% 40% 94% 80% 84% 60%
Agreement
Negative 82% 80% 67% 93% 86% 87%
Agreement
Cohens Kappa Measures: Almost Perfect: 1-0.81, Substantial: 0.80-0.61, Moderate: 0.60-
0.41-, Fair: 0.40-0.21, Slight: 0.20-0.

Table 3. Cohen’s Kappa Positive and Negative Agreement

percentage between Novice Raters.

Cervical Trunk Head Pelvic Shoulder Step
extension | Inclination | placement | height extension length
Cohen’s
0.15 0.40 0.41 0.11 0.34 0.34
Kappa
ositive | 4% 57% 88% 57% 52% 7%
greement
Negative | a0, 77% 50% 53% 35% 57%
Agreement
Cohens Kappa Measures: Almost Perfect: 1-0.81, Substantial: 0.80-0.61, Moderate: 0.60-
0.41-, Fair: 0.40-0.21, Slight: 0.20-0.
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Table 4. Cohen's Kappa Positive and Negative Agreement

percentage between rater and validation measure for AT raters.

Cervical Trunk Pelvic | Shoulder | Step
extension | Inclination | height | extension | length
Cohen' Rater 1 0.50 0.15 0.74 0.30 0.39
cann | Rater2 | 0.60 0.48 0.63 | 024 0.48
PPE - [TAverage | 0.55 031 068 | 027 | 044
. Rater 1 76% 36% 80% 46% 55%
Positive
A Rater 2 82% 57% 73% 40% 57%
greement
Average 79% 47% 76% 43% 56%
Negai Rater 1 74% 76% 93% 74% 83%
CBANVE | Rater2 | 78% 91% 90% | 80% | 91%
Agreement
Average 76% 83% 91% 77% 87%
Cohens Kappa Measures: Almost Perfect: 1-0.81, Substantial: 0.80-0.61,
Moderate: 0.60-0.41-, Fair: 0.40-0.21, Slight: 0.20-0.

Table 5. Cohen’s Kappa Positive and Negative Agreement

percentage between rater and validation measure for Novice

raters.
Cervical Trunk Pelvic | Shoulder | Step
extension | Inclination | height | extension | length
Cohen' Rater 1 0.30 0.38 0.44 0.01 0.24
Kan | Rater2 | 020 0.40 069 | 0.10 0.24
PPa - WAverage | 025 0.39 057 | 005 | 024
. Rater 1 63% 50% 67% 25% 47%
Positive
Rater 2 69% 57% 80% 31% 47%
Agreement
Average 66% 54% 73% 28% 47%
Negati Rater 1 67% 88% 73% 50% 61%
A e | Rater2 | 43% 7% 88% | 67% | 61%
greement
Average 55% 82% 80% 58% 61%
Cohens Kappa Measures: Almost Perfect: 1-0.81, Substantial: 0.80-0.61,
Moderate: 0.60-0.41-, Fair: 0.40-0.21, Slight: 0.20-0.

to .00) comparisons decreased with decreasing
required accuracy (Figure 2). Banded positive agree-
ment increased between 100% and 90% accuracy
for step length (51% to 57%) and trunk inclination
(50% to 65%), while shoulder extension continued
to improve (35% to 78%) through 80% of the valid-
ity measure (Figure 3). Banded negative agreement
remained stable for all measures with the exception
of pelvic height which decreased from 86% agree-
ment at 100% of the validity measure to 75% at 90%
of the validity measure then sharply to 0% at 80%
of the validity measure (Figure 4). Average time to
complete the training was 34 +8 minutes. Average
time to complete the rating of the 20 videos was
20.5+ 3 minutes.

DISCUSSION
Raters of the QYTS obtained substantial to slight
agreement (dependent on the specific movement)

when identifying the movements performed dur-
ing a tackle when compared between themselves,
experienced to novice, and themselves to motion
capture (a validation standard). A higher degree of
accuracy and agreement was found between raters
with experience evaluating human movement. Rat-
ers with movement evaluation training (Physical
Therapists and Athletic Trainers) had higher levels
of agreement than non-certified novices through
most movements as well as a higher level of agree-
ment with the validation measurements when com-
pared to the novice raters. Banded Kappa analysis
indicated the agreement between raters improved
when accepting a lower percentage of accuracy com-
pared to the motion capture system for measures of
shoulder extension and trunk inclination, decreased
agreement at lower measures of accuracy for pelvic
height and no change for step length and cervical
angle.
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Banded Kappa Measures

1.00
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< 0.40 &
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Figure 2. Banded Average Cohen's Kappa Measures between all raters and motion capture system, banded from 100% of desired
movement to 80% of desired movement.

Banded Positive Agreement
100%

90%
80% T i T }
70% %\\ J .

60%

—&— Cervical extension

50% ——Trunk Inclination

== Pelvic height
40%

Percent Agreement

—— Shoulder extension

30%

—0—Step length

20%

10%

0% T
100% 95% 90% 85% 80%
Percent of Validity Measure

Figure 3. Banded Average Positive Agreement Measures between all raters and motion capture system.

Overall agreement measures between raters found able to achieve Fleiss’ Kappa ratings within the fair
fair agreement between all raters. When rating cer- (k=.21 to .41) range. While agreement may be low in
vical extension, trunk inclination, head placement, these results, the outcomes are comparable to other
shoulder extension and step length the raters were studies of visual estimation®''*? and better than
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Figure 4. Banded Average Negative Measures between all raters and motion capture system.

others.?? Visual estimation of movement is often
hampered by difficulty judging the movements pro-
duced. This result is seen across many areas of study,
such as knee motion during running ® and cervical
spine motion."! In the case of the QYTS, the raters
were able to utilize video playback to improve their
evaluation of the movement, though the results of
this study may have been affected by the number
of variables evaluated’” and the use of one camera
angle.

Physical Therapists, Athletic Trainers and other
human movement practitioners are experienced in
evaluating human movement. This training may
explain why experienced raters were able to achieve
both higher agreement between raters and between
raters and the validity measures.!? In their training,
human movement practitioners would have been
exposed to many cases of evaluating movement
visually. This may have allowed the raters to gain a
perspective or evaluation technique to improve their
accuracy and reliability when viewing human move-
ment. Human movement practitioners also have a
better understanding of the visual appearance of the
range motion referenced in the training, having had
experience measuring and evaluating movement.

They are likely better able to understand the ref-
erence to 45 degrees of shoulder extension during
QYTS training, having measured such movements
themselves as part of their training. The increased
agreement seen in both the inter-rater comparison
and between experienced raters and validity mea-
sures may be a function of the additional training of
the experienced raters.

In the banded Kappa analysis, when the percent-
age of accuracy required by the validity rating is
reduced, the validity agreement for trunk inclina-
tion and shoulder extension improved. This result
indicates raters were capable of higher agreement
with less stringent requirements. They were less
able to identify the movement exactly, but a small
allowance in the accuracy requirement increased
their agreement. As the accuracy required was
reduced, shoulder extension agreement improved
across all bands. While it appears that raters had dif-
ficulty identifying movements over 45 degrees, they
were able to separate those who extended the shoul-
der to at least 80% of the desired movement pro-
file. Further investigation reveals raters consistently
responded affirmatively down to 50% of the desired
rating, or 25 degrees shoulder extension indicating
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their estimation of shoulder range of motion to be
a rather course measure. They could not identify
a movement difference between 45 degrees and
25 degrees, but could identify that they had passed
into a measure beyond 25 degrees and considered
that successful shoulder extension. Rating of trunk
inclination improved with a shift to 95% accuracy
at which time the improvement in agreement sta-
bilized. Raters reached their highest consistency in
agreement when the movement was considered cor-
rect between 43 and 57 degrees trunk angle. This
would indicate raters either just missed correctly
identifying the motion correctly or were not close
in their estimation. These expanded movement
parameters may be satisfactory for proper execution
of the tackle, though this answer is beyond the scope
of this project.

Agreement on pelvic height between the raters and
motion capture decreased with an increased accept-
able range. Raters achieved their highest agreement
with 100% accuracy to the pelvic height requirement,
indicating they were achieving their best possible
accuracy at the desired goal. Accepting measures
beyond 100% accuracy caused measures that were
correctly identified as outside of the goal motion to
be included in the desired range, creating less agree-
ment. Cervical extension and step length measures
stayed stable with an expanded range. This indicates
raters did not benefit from a relaxation of the stan-
dard. This most likely is caused by large errors in the
estimated range of motion for those who incorrectly
identified the motion.

The pre-assessment training and assessment for the
raters may not have been sufficient to ensure a thor-
ough understanding of the method of movement
evaluation.?® The training program for raters should
be evaluated, though additional training maybe inef-
fective due to the inherent limitations of visual esti-
mation of movement.® All of these variables may
have played a part in the less than perfect agree-
ment seen in the comparison between all raters.

Limitations to this research include a small sample
of raters with limited training on the QYTS. Future
studies should include a larger cohort of raters, both
experienced and inexperienced, who have partici-
pated in a more in-depth training program. This

research also only identifies trends in video evalu-
ation of the movement, real-time rating of move-
ment presents a different set of requirements and
should be considered separately. Coaches, trainers
and health care professionals often provide verbal
feedback to players without the aid of video; thusly
additional research should examine the ability of the
QY'TS to be utilized in real time. Additional research
should also examine the intra-rater reliability of the
QYTS scale over time.

CONCLUSION

The results of this study indicate that the inter-
rater agreement and validity measures for the QYTS
show a range of agreement from substantial to slight
across the five rated movement components. With
refinement this system may function as a mecha-
nism to provide feedback during video review of
tackling practice in American football. More experi-
enced and movement trained raters showed a higher
level of agreement both with each other and with a
validation standard. It is important when providing
feedback during motor learning that the learner to
be provided with consistent and correct information
regarding their performance. This study indicates
those with more experience analyzing human move-
ment are able to provide more accurate and reliable
feedback to the learner.
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