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ABSTRACT

Purpose: to analyze the content and construct validity of an instrument for tongue
performance assessment in activities associated with digital games.

Methods: to analyze content validity, ten speech-language pathologists answered a
questionnaire in which each item of the instrument and the set of items were judged
as to its representativeness. The content validity index and the modified Kappa statis-
tics were calculated. To analyze construct validity, 20 participants, with age between
8 and 13 years, (10 children with weak tongues and 10 children with normal tongue
strength) performed a game activity with the T-Station, involving 12 targets with 2 N
of strength and 5 s of time for sustained contraction for each target. The performance
was compared, for each item of the instrument, between groups.

Results: most of the items obtained satisfactory score according to the speech-lan-
guage pathologist’s evaluation. Children with reduced tongue force had a poorer per-
formance than those with normal tongue force, with a statistically significant difference
in three items of the instrument.

Conclusion: the instrument proved to be valid as a method for evaluating performance
in activities associated with the T-Station.

Keywords: Exercise Therapy; Muscle Strength; Myofunctional Therapy; Rehabilitation;
Tongue; Video Games

1/10



2/10 | Furlan RMMM, Santana GA, Motta AR, Casas EBL

INTRODUCTION

Digital games have been increasingly used in
speech-language pathology clinical practice therapy'2.
They are effective therapeutic strategies to increase
patient adherence to treatment, not only for enter-
taining and motivating, but also for providing positive
reinforcement that improves information retention®“.
Most of them are interfaced by computer, tablet or cell
phone and do not require a specific device.

In Orofacial Motricity, some unconventional devices
for interaction with digital games were developed for
tongue motor rehabilitation. Miyaushi and collaborators
developed a method to associate tongue mobility
exercises with simple computer games, developed
for children with Trisomy 215 The method did not
use an intraoral device, but the extraoral movements
performed by the tongue were captured by Kinect
(Microsoft®) and transformed into game commands®.
Kothari and colleagues developed an input device for
digital games, the Tongue Drive System, capable of
recognizing different tongue positions inside the oral
cavity and transforming them into commands in a
digital game®''. To do so, they used a magnet attached
to the lingual apex and magnetic sensors placed in an
external apparatus attached to the individual’s head.

The T-Station is an input instrument for digital
games, developed by a team of researchers in Brazil,
for the rehabilitation of tongue strength and mobility.
The instrument was tested on adults'® and children'®®
and provides counter-resistance, isometric, and
isotonic tasks to rehabilitate the musculature during
its use. The innovation of this approach in relation to
previous technologies is the possibility of adjusting the
force and duration of contraction prior to the activity,
and the data acquisition during the activity, allowing the
therapist to assess the user’s performance.

The instrument for performance assessment was
developed to be used with the T-station, allowing the
therapist to follow the patient’s progress. In order to
know if it fulfills this purpose, it is important that it be
validated.

There are several ways to analyze the validity of an
instrument'®. Content validation is a process in which
a group of experts establishes a consensus on the
adequacy of the instrument to the field of interest'.
Construct validation, on the other hand, indicates
whether the instrument’s results measure what it
proposes, and can be performed in different ways, one
of them being the comparison of groups that differ in
terms of the construct of interest'®.
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This study aimed at analyzing the content and
construct validity of the instrument for assessing tongue
performance in activities associated with digital games.

METHODS

This cross-sectional observational study was
conducted after approval by the Research Ethics
Committee of the Universidade Federal de Minas
Gerais, Brazil, under the number 1,123,565, CAAE
18614313.3.0000.5149. All participants signed an
Informed Consent Form or an Assent Term. The study
had two parts: content analysis and construct analysis
of the instrument to evaluate the performance in digital
games activated by tongue.

Part 1 — Content Validation

Ten female speech-language pathologists,
with clinical experience in Orofacial Myology and/
or Dysphagia participated of this part of the study.
Inclusion criteria were: undergraduation in Speech-
Language Pathology; at least 5 years of experience in
Orofacial Motricity and/or Dysphagia clinical practice;
publications in journals and/or congresses. The
inclusion criteria followed the recommendations of
Grant and Davis'® for selecting experts for an instrument
content validation. It was considered an exclusion
criterion not to answer all the questions of the form.

Data collection was carried out in a presential and
individual session with each participant. At first, the
T-Station was presented and tested by the participant.
The T-Station'>'*%° is a device developed by a team
of researchers in Brazil to rehabilitate tongue strength
and mobility. It works like a video game joystick, but
is actuated by the tongue. It consists of a body and a
mouthpiece. The mouthpiece, made of thermoformable
material, is for individual use, fits into the oral cavity
and in its center there is a control rod moved by the
tongue. Four tension springs provide resistance to the
movement carried out by the tongue on the control rod
and two Hall-effect sensors capture the displacements
of the rod and transmit the information to a computer.
The force applied by the user is calculated from the
displacement information provided by the sensor and
the elastic constant of the springs.

The participants used the equipment associated
with a game, specifically developed for tongue strength
training, in which targets, represented by fruit images,
appeared sequentially in different regions of the
computer screen, being scored as the user moved



the control rod with the tongue in their direction and
reached them. When moving the control rod in one
direction, the game cursor also moves in the same
direction, and the force exerted by the user to move the
command rod is proportional to the cursor’'s movement
on the screen. When the user reaches a target, a timer
is triggered, being necessary to keep the movement
for a predetermined period to score. Thus, the activity
requires sustaining the muscle contraction, which is a
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condition of isometric exercise®'. Four levels of difficulty
were developed, differing only by the strength required
to score in the game, which was 0.5 N at level one, 1
N at level two, 2 N at level three and 3 N at level four.
The number of targets that appeared in each direction,
the force to reach the target and the time the cursor
had to be maintained within the target for the trial
to be considered a success are all adjustable by the
therapist.

Level 1 requires application of 0.5 N of force by the tongue; Level 2 requires application of 1 N of force by the tongue; Level 3 requires the application of 2 N of force by
the tongue; Level 4 requires the application of 3 N of force by the tongue.

Figure 1. Levels of the game
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To follow the patient’s progress in therapy, after each
game, the software generates a performance report.
Seven variables were chosen to be registered by the
instrument. They are: (a) number of attempts to score
(number of times the user hits the target, even if he/she
is not able to hold the force for the time necessary to
score. The best possible performance happens when
the number of attempts to score is equal to one, which
means that the user only needed one attempt to score
that target); (b) maximum force (higher strength, in
Newtons, the user exerts during attempts to reach the
target; (c) maximum time during which the target force
was maintained (the longest time , in seconds, the user
is able to maintain the target force level, considering
all attempts made); (d) average time during which the
target force was maintained (average time, in seconds,
the user maintains the target level force, considering
all attempts); (e) number of scored targets (number of
times the patient reaches the target and sustains the
contraction for the stipulated time); (e) area under the
force-time curve (product of force by time, in N versus
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s, also called Impulse?); (f) total time (time, in seconds,
spent to score a target, after its appearance on the
screen).

In addition to these variables, the performance
report contains two types of graphs for each target in
the game, one of them (Figure 2A) is two-dimensional,
with information on time present on the X axis and the
force on the Y axis. The hatched area (area under the
force-time curve) is displayed at the top of the graph.
The second graph (Figure 2B) is three-dimensional,
contains time information on the Y axis, and, on the X
and Z axis, the force values exerted in the vertical and
horizontal directions, respectively. Through this graph,
it is possible to visualize the path of the movement
performed by the tongue, starting at time 0, with
information on the force performed in each direction
over time. The graph also indicates the difficulty level
(target force level) and the direction of movement. The
red circle at the end of the trajectory indicates that the
target was scored and the printed value next to the
circle refers to the total time.

level 2 - up

0

- j
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Figure 2. (a) Two-dimensional graph — it represents the force applied by the tongue on the Y axis and the muscle contraction time on the
X axis. (b) Three-dimensional graph — it represents the information about the muscle contraction time on the Y axis, and the force applied
by the tongue in the vertical and horizontal directions on the axes X and Z, respectively

After testing the four levels of the game, each
speech-language therapist answered a questionnaire in
which each item of the instrument, for each direction of
movement, as well as the set of items of the instrument,
was judged for its representativeness (relevance for
the field of interest) by an ordinal scale from 1 to 41923,
A score of 1 indicated that the item evaluated was not
representative, a score of 2 indicated that it was a little
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representative, 3 indicated that it was sufficiently repre-
sentative, and 4 that the item was highly representative.
The three and four responses options were considered
adequate'®. The Content Validity Index (CVI) for each
item was calculated as the number of experts who gave
the item a rating of 3 or 4, divided by the total number
of experts. As a cutoff point for the item, the value of
0.78 was set, below which the item was considered not



relevant to the domain of interest?. The CVI for the set
of items was calculated by averaging the CVI values for
each item. The cutoff point to consider the instrument
suitable for its domain was 0.8'°.

The modified Kappa coefficient was also calculated.
It is a complementary test to the CVI, which assesses
the degree of agreement between experts for each
item, taking into account the fact that agreement may
occur by chance'. Kappa values above 0.74 are
considered excellent, between 0.60 and 0.74 are good,
and between 0.40 and 0.59 are moderate'’.

All the items that obtained CVI scores above the
cutoff point and acceptable agreement among profes-
sionals for modified Kappa were included in the final
version of the instrument and the others were removed
from the instrument'”. The speech pathologists were
also asked to evaluate the clarity of the items and to
suggest changes, as well as propose the addition or
deletion of items.

Part 2 — Construct Validation

Twenty children of both genders, aged between
8 and 13 vyears, speakers of Brazilian Portuguese,
participated in this part of the study. They were divided
into two groups according to tongue strength classi-
fication. Group 1 (G1) was composed of 10 children,
eight males and two females, with low tongue strength
determined by qualitative clinical evaluation, mean age
of 9.8 years and standard deviation of 2 years. Group
2 (G2) consisted of 10 children with normal tongue
strength (classified by qualitative clinical evaluation),
five males and five females, with a mean age of 10.4
years and standard deviation of 1.8 years. Participants
were recruited from the patients referred to the Speech-
Language Pathology outpatient clinic of the UFMG
Hospital.

The inclusion criteria were as follows: age between
8 and 13 years, having tongue strength classified as
normal or weak by two speech-language pathologists,
and have all the incisors teeth. Individuals with cognitive
problems, pervasive developmental disorders, visual
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impairments, swallowing or speech disorders, oclusal
alterations that interfered with the fitting of the T-Station
in the oral cavity and an overly sensitive gag reflex (gag
reflex triggered in the middle portion of the surface
of the tongue) were excluded. Such information was
obtained by interviewing the parents and reading the
medical record.

To evaluate tongue strength, the participants were
asked to press the tongue against a wooden spatula
positioned in front of their lips for five seconds®. The
examiner classified the strength as normal or weak.
Due to the subjectivity of this assessment, it was carried
out independently by two examiners, both with special-
ization in Orofacial Motricity. Just the individuals that
obtained the same classification were included in the
study.

Each participant performed a game activity using
the T-Station. They had to reach 12 targets, four in each
direction (left, right, up and down). The force necessary
to reach the target was previously adjusted to 2 N
and the time to sustain the contraction to 5 s. During
the activity, the participant remained seated in a chair
with his back and feet supported, facing the computer
screen, and holding the T-Station with his hands, with
his elbows resting on a table.

Descriptive analysis of the variables was performed
using measures of central tendency (mean and
median) and variability (standard deviation). The
Wilcoxon-Mann-Whitney non-parametric test was used
to compare the variables between the groups, since the
distribution did not show normality characteristics. A
significance level of 5% was considered in the analyses.

RESULTS

The speech-language therapists were all females,
with clinical experience in Orofacial Motricity and/
or Dysphagia between 6 and 25 years, with a mean
of 13.9 and a standard deviation of 6.7 years. Table 1
shows the responses of each participant in the content
validity assessment of each item in the instrument.
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Table 1. Evaluation of the representativeness of the instrument’s items

Participants

ltems Direction 1 2 3 4 5 6 7 8 9 10 cvi Kappa
Right 4 4 4 4 4 4 4 3 4 4 1 1
Left 4 4 4 4 4 4 4 3 4 4 1 1
Number of attempts to score Up A4 4 4 4 4 4 3 4 A 1 1
Down 4 4 4 2 4 3 4 3 4 4 090 0.90
Right 4 4 4 4 4 4 4 4 3 4 1 1
Maximum Force Left 4 4 4 4 4 4 4 4 3 4 1 1
Up 4 4 4 4 4 4 4 4 3 4 1 1
Down 4 4 4 2 4 3 4 4 3 4 090 0.90
Right 4 4 4 4 4 4 4 4 3 4 1 1
Maximum time during which the Left 4 4 4 4 4 4 4 4 3 4 1 1
target force was maintained Up 4 4 4 4 4 4 4 4 3 4 1 1
Down 4 4 4 2 4 3 4 4 2 4 0.80 0.79
Right 4 4 4 4 4 4 4 4 3 4 1 1
Average time during which the Left 4 4 4 4 4 4 4 4 3 4 1 1
target force was maintained Up 4 4 4 4 4 4 4 4 3 4 1 1
Down 4 4 4 2 4 3 4 4 2 4 0.80 0.79
Right 4 4 4 4 4 4 4 3 4 4 1 1
Scored Targets Left 4 4 4 4 4 4 4 3 4 4 1 1
Up 4 4 4 4 4 4 4 3 4 4 1 1
Down 4 4 4 2 4 4 4 3 4 4 0.9 0.90
Right 4 4 4 1 4 4 4 2 2 3 07 0.66
Area under the force-time curve Left 44 ! 444 2 2 3 0.70 066
Up 4 4 4 1 4 4 4 2 2 3 070 0.66
Down 4 4 4 1 4 4 4 2 2 3 070 0.66
Right 4 4 4 4 4 4 4 4 4 4 1 1
Time o score Left 4 4 4 4 4 4 4 4 4 4 1 1
Up 4 4 4 4 4 4 4 4 4 4 1 1
Down 4 4 4 2 4 4 4 4 4 4 090 0.90
2D Graphs 4 4 4 2 4 3 4 2 4 4 0.80 0.79
3D Graphs 3 4 4 2 4 4 4 4 2 4 0.80 0.79

Captions: 1=not representative; 2=little representative; 3=sufficiently representative; 4=highly representative; CVl=content validity index

The CVI for the set of items was 0.92. Most of the
items obtained a satisfactory score, except the item area
under the force-time curve graph, which was, therefore,
removed from the final version of the instrument. Items
referring to the downward direction received lower
scores for the CVI and modified kappa index than the
same items in the other directions.

The speech-language pathologists suggested
modifications to the utterance of two items: “time to
score” instead of “total time” and “number of attempts
to score” instead of “number of attempts”.
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Table 2 presents the descriptive analysis of the
values obtained for each variable of the instrument and
the comparison of these values between groups of
children with normal and reduced tongue strength. The
group with reduced tongue strength performed worse
than the group with normal tongue strength for the
variables: number of attempts to score, average time
during which the target force was maintained, and time
to score.
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Table 2. Descriptive results for the variables and comparisons by group in each direction

ltems Right Left Up Down

Mean SD Median Mean SD Median Mean  SD Median Mean SD Median
Number of attempts to score
Group 1 6.4 7.5 4 4.0 4.8 2 1.9 1.7 1 1.9 1.5 1
Group 2 2.7 2.3 2 2.0 1.2 2 1.2 0.4 1 1.5 1.1 1
P-value 0.0333 0.0999 0.0453 0.2686
Maximum Force (N)
Group 1 2.0 0 2 2.0 0 2 2.0 0 2 2.0 0 2
Group 2 2.0 0 2 2.0 0 2 2.0 0 2 2.0 0 2
P-value - - - -
Maximum time during which the target force was maintained (s)
Group 1 49 0.5 5 49 0.6 5 49 0.5 5 5.0 0 5
Group 2 5.0 0 5 5.0 0 5 5.0 0 5 5.0 0 5
P-value 0.1538 0.3173 0.3173 -
Average time during which the target force was maintained (s)
Group 1 2.7 1.4 2.4 3.1 1.4 2.5 4.2 1.3 5 4.3 1.0 5
Group 2 3.8 1.1 3.7 3.6 1.3 2.8 4.8 0.6 5 4.5 0.9 5
P-value 0.0006 0.1541 0.0205 0.3368
Scored Targets
Group 1 2.8 0.4 3 2.9 0.3 3 2.9 0.3 3 3.0 0 3
Group 2 3.0 0 3 3.0 0 3 3.0 0 3 3.0 0 3
P-value 0.1462 0.3173 0.3173 -
Time to score (s)
Group 1 279 329 14.4 186 214 10.0 196 17.0 13.8 114 74 7.7
Group 2 11.5 8.6 8.7 8.0 3.6 6.3 8.3 53 6.5 8.4 4.2 6.7
P-value 0.0054 0.0271 0.0205 0.3368
Wilcoxon-Mann-Whitney Test
Captions: SD — standard deviation; Group 1 — children with reduced tongue force; Group 2 — children with normal tongue force
DISCUSSION The instrument’s average CVI (0.92) suggests

Part | — Content validation

According to the speech-language pathologist’s
judgment, the instrument items, with the exception of
the area under the force-time curve, are important for
the domain of interest. The area under the curve is a
measure of impulse?, it is present in some researches
related to the evaluation of tongue and lips strength?2
and combines the applied force with the time of
maintaining the muscle contraction. As it combines two
variables, it does not allow inferring whether low values
are related to difficulty in performing or maintaining the
strength. An individual capable of maintaining a low
strength for a long time can have a similar area as one
who applies a high strength, but can maintain it just for
a short time. Since this item did not reach the cutoff
value recommended in the CVI, it was removed from
the instrument evauation.

adequacy of its content. According to Grant and
Davis', the minimum CVI for which the instrument
is suited to its field of interest is 0.8. Other authors',
however, adopt the more conservative value of 0.9 as
the acceptability limit. In both cases, the average CVI
reached an acceptable value.

Kappa index was considered excellent for most of
the items, indicating that there was agreement among
experts. Only the item area under the time-force curve
received a lower than expected index, but it is still
considered good. Polit and Beck?® point out the impor-
tance of the Kappa index to complement the CVI, as the
first takes into account the fact that agreement between
experts may occur by chance.

The items judgment was done by direction of
movement, as in clinical practice strength training does
not happen in the same way for all directions. Strength
training in the upward direction is more common, as
this is the direction in which the tongue exerts force in
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the oral phase of swallowing, for the propulsion of the
bolus from the oral cavity to the oropharynx. Lateral
movements are more frequent during chewing®,
which requires less force from the tongue. Therefore,
lateral tongue movements are usually prescribed in
tongue mobility training. For the downward movement,
lower scores were observed in the CVI and modified
kappa, because a relatively high number of speech-
language pathologists judged the exercise in this
direction as less relevant for clinical practice.

Part 2 — Construct Validation

There were differences in tongue motor perfor-
mance between the groups of children and adoles-
cents in three items of the instrument: number of
attempts to score, average time during which the target
force was maintained, and time to score, with the
worst performance for the group with reduced tongue
strength. Such differences only occurred in rightward
and upward movements. High standard deviations
were also verified for these three measures, indicating
high inter-subject performance variability, even within
the same group.

Tongue performance related to the downward
movement did not differ between groups in any of the
items evaluated. A hypothesis raised for this finding
is the activation of the genioglossus muscle by the
participants' in downward movements while the other
movements were performed mainly by the intrinsic
muscles of the tongue. The sustained protrusion
task against resistance, used to divide participants
into groups, mainly assesses the intrinsic muscles of
the tongue, with the genioglossus only serving as a
stable platform for the extrinsic muscles to exert force
against the spatula®'. This finding is consistent with the
assessment of the speech-language pathologists who
assigned the lowest scores to the items in this direction
of movement. Downward movement is not as often
trained in orofacial myofunctional therapy as the others,
possibly due its less relevant participation in the oral
functions.

Significant difference between groups in leftward
direction occurred only for the time to score. Another
study'™ found poor performance in this direction when
using the instrument by children with poor tongue
mobility and justified that the order of appearance of the
targets on the screen, always starting from the left and
ending down, combined with the need of performing
two combined movements in order to shift the control
rod from the bottom to the left, makes this the most
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difficult among the four movements. This may have
generated similar difficulties in both groups.

All participants exerted the maximum stipulated
strength in all directions. This happened because the
necessary force to hit the targets, 2 N, was substan-
tially lower than the force children and adolescent are
capable of exerting using their tongues. The maximum
tongue protrusion force reported by a study with
children (aged 8 to 12 years) was 10.3 N for those with
normal tongue strength and 8.1 N for those with mildly
reduced tongue strength®. Regarding resistance,
children without oral alterations, aged between 6 and
12 years, were able to sustain 50% of their maximum
tongue force for 24 s. Even children with oral functions
disorders were able to keep muscle contraction for
more than 9 s®. In this study, 5 seconds of contraction
were enough to score, possibly for this reason no differ-
ences were found in the maximum contraction time
between groups.

This study has limitations, including the small
convenience sample in the construct validity analysis.
For future research, expanding the sample when
comparing the variables (instrument items) defined in
this research, is suggested. Another limitation refers to
the fact that tongue force was assessed using a quali-
tative method. It is known that subjective judgments
vary among examiners. To address this limitation,
qualitative assessments were performed by two speech
therapists specialized in Orofacial Motricity.

Although the sample used for content validation
was adequate in size'®, there was a selection bias, as to
enable presential meetings all speech-language pathol-
ogists were selected in the same city. The selection of
specialists from different geographic locations would
increase the chance of identifying the presence of
inappropriate colloquial expressions'. In addition,
the CVI has an inherent limitation, it concentrates the
relevance on the items reviewed, but does not inform
whether the instrument includes a complete set of
items to adequately measure the construct of interest®.

This was a preliminary study for the validation of the
tongue performance assessment instrument in activities
associated with digital games. The three instrument
items “number of attempts to score”, “average time
during which the target force was maintained “ and
“time to score” can be considered the most relevant,
because they presented adequate CVI and were good
to differentiate the groups in the construct validity part of
the study. This study does not close, but initiates reflec-
tions on the validity of this instrument. Literature points



out that several studies are needed for the validity of
an instrument to be established™. The instrument
that this study deals with is used in association with
the T-Station, but one believes that it can be useful in
other contexts involving instrumental assessment of the
tongue.

CONCLUSION

The instrument proved to be valid as a method for
evaluating the performance in activities associated with
the T-Station. It reached acceptable CVI and was able
to show differences between children and adolescents
with reduced and normal tongue strength in the items
number of attempts to score, average time during
which the target force was maintained, and time to
score, with the worst performance in the group with
reduced tongue strength.
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