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ABSTRACT

Para-sports as a core component of educational content constitute a key space for motor development and the promotion
of inclusive practices within the school context. In this context, adapted sports such as goalball have emerged as pedagogical
tools that foster participation and raise awareness of disability; however, scientific evidence regarding the development of
motor skills in students without disabilities remains limited. To evaluate the effect of a goalball-based didactic unit on static
balance, dynamic balance, and reaction time in secondary school students simulating a visual impairment. A quantitative
quasi-experimental study was conducted. The sample consisted of 22 school students (mean age = 16.83 * 0.54 years)
from an educational institution in south-central Chile. The intervention was eight weeks in duration and comprised nine
sessions, applied under two conditions; with visual restriction (blindfolded) and without visual restriction. Static balance was
assessed using the Flamingo Balance Test, dynamic balance using the Y Balance Test, and reaction time using the Plate
Tapping Test. Significant improvements were observed in static balance (p = .008; n? = .16), with large effect sizes in both
conditions and a greater magnitude of improvement in the blindfolded condition. Dynamic balance showed slight increases,
reaching significance only in the non-blindfolded condition, while reaction time did not exhibit significant changes. The
goalball-based didactic unit primarily enhances static postural control and proprioceptive stimulation in students without
visual impairment, confirming its value as a pedagogical resource in physical education.

Keywords: Physical education, Goalball, Static balance, Dynamic balance, Reaction time, Inclusive education, School
students.
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INTRODUCTION

In Chile, the integration of students with disabilities into the school system is supported by a regulatory
framework that promotes access, participation, and educational equity (Law Decree 170, 2009; Law Decree
83,2015; Law 20,422, 2010; Law, 20,845, 2015). Nevertheless, progressing from integration toward effective
inclusion remains a challenge, particularly in the field of physical education (PE), where pedagogical practices
must simultaneously address motor, social, and educational objectives (Mufioz-Hinrichsen et al., 2024). In
this context, sport is not just seen as a physical or recreational activity, but also as a social phenomenon and
a powerful pedagogical tool with significant formative potential. It has the ability to contribute to students’
holistic development and foster the creation of educational environments that promote inclusivity as a
personal experience (Corrales, 2010; Gamonales & Campos Galan, 2017; Hernandez-Beltran et al., 2024;
Nogueda, 1995).

Adapted sport has emerged as a key pedagogical strategy within PE, as it allows students to experience
conditions of functional diversity (e.g., visual restriction). This strategy can contribute to the development of
positive attitudes toward disability, value education, and provide equal opportunities (Abellén, Saez-Gallego,
& Carrion, 2018; Abellan, Séez-Gallego, & Reina, 2018; Campos-Campos et al., 2023; Hernandez-Beltran
et al., 2017). As such, for us, inclusive education involves more than the mere coexistence of students with
and without disabilities in the same space (Haegele, 2019). Following Haegele (2019), inclusion entails an
intersubjective experience of belonging, acceptance, and appreciation, in which each student constructs
meaning within the shared educational environment. Accordingly, the implementation of adapted sports in
school contexts has demonstrated benefits in promoting healthy lifestyles and improving participation and
peer interaction among students with and without disabilities (Hernandez-Beltran et al., 2017).

Within this framework, goalball, as an adapted sport, has become established as a sporting modality that
promotes participation under equal conditions through the restriction of vision using blindfolds (International
Blind of Sports Federation, 2024). Although goalball is specifically designed for individuals with visual
impairments, its use as a pedagogical tool in educational contexts, involving students without disabilities, has
shown positive effects (Gamonales et al., 2023). For example, at the socio-emotional level, goalball has been
shown to enhance cooperation, empathy, respect for diversity, and peer interaction (Gamonales et al., 2023;
Laughlin & Happel, 2016). At the motor level, although there is evidence reporting benefits associated with
its practice, the available empirical evidence remains limited (Ojeda-Troncoso & Campos-Campos, 2025).
Thus, goalball can be positioned as a relevant pedagogical tool for integrated PE —where students with and
without disabilities are educated in the same environment- by providing an intervention context that combines
social sensitization experiences with motor challenges that remain underexplored empirically, particularly
among students without disabilities.

Goalball practice is characterized by high demands on postural control and motor responses to non-verbal
stimuli (Santos et al., 2018). Balance, understood as the ability to maintain the centre of gravity within the
base of support, depends on the integration of visual, vestibular, and somatosensory systems (Cohen, 2013;
Grace-Gaerlan et al., 2012). Diverse studies have shown that visual restriction significantly affects balance,
increasing postural sway and reducing stability, both in individuals with visual impairments and in individuals
without visual impairments subjected to visual restriction (Zetterlund et al., 2019; Bataller-Cervero et al.,
2022). In this context, simulating a visual impairment through goalball practice forces a reorganization of
postural control, enhancing the use of proprioception and other sensory channels as compensatory strategies
(Bednarczuk et al., 2017).
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Alongside balance, reaction time constitutes another key capacity in goalball, as it determines defensive and
offensive effectiveness in response to rapid and unpredictable auditory stimuli (Morales & Torres, 2016;
Mufioz-Jiménez et al., 2021). The absence of visual information increases reliance on auditory and
proprioceptive cues, requiring faster and more precise motor responses (Ince, 2021). In this regard, visual
restriction has shown to increase demands on motor control reorganization processes, directly impacting
response speed to external stimuli (e.g., sound) (Bataller-Cervero et al., 2022; Goksen & ince, 2024).
Likewise, adapted sports such as goalball can promote neural plasticity and the use of alternative perceptual
channels, consolidating reaction time as a relevant capacity at both sporting and educational levels (Silva et
al., 2010).

From a social and educational perspective, the relevance of this study is particularly significant in the Chilean
context. National reports demonstrate that 17.01% of the Chilean population presents some type of disability
(Encuesta Nacional de la Discapacidad [ENDISC], 2022). Moreover, a substantial proportion of children and
adolescents with disabilities attend primary (92.9%) and secondary education (81.2%), respectively,
reinforcing the need for inclusive, evidence-based pedagogical practices in integrated educational settings
(ENDISC, 2022). However, scientific evidence regarding the effects of goalball, for example, on school-aged
populations without visual impairments remains limited, particularly concerning specific motor variables such
as balance and reaction time.

While previous studies have incorporated adapted sport into PE classes with a predominantly sensitization-
oriented focus and with value-based and participation-related outcomes, their impact on the development of
motor skills and abilities has been limited (Abellan, Saez-Gallego, & Reina, 2018; Campos-Campos et al.,
2023; Hernandez-Beltran et al., 2017) Therefore, the present study focuses exclusively on the analysis of
motor outcomes. As such, the aim of this study was to evaluate the effect of a goalball-based didactic unit on
static balance, dynamic balance, and reaction time in secondary school students simulating visual
impairment.

METHODS

Study design
This study followed a quantitative approach using a quasi-experimental design without a control group, with
pre- and post-intervention measurements and a descriptive scope.

Participants

Using a non-probabilistic convenience sampling method, 22 secondary school students (female and male)
from an educational institution located in south-central Chile participated in this study. The mean age of the
participants was 16.83 + 0.54 years. Participation was voluntary and required both student assent and
informed consent from their parents or legal guardians prior to the start of the intervention. In addition, the
necessary approvals were obtained from the school management team where data collection took place.
This study was approved by the Scientific Ethics Committee of the Universidad Adventista de Chile (Adventist
University of Chile) under approval number 2025-002.

Inclusion criteria
The inclusion criteria were: (a) enrolment in the elective PE course entitled “Promotion of Active and Healthy
Lifestyles” and (b) submission of signed informed consent and assent, as applicable.
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Exclusion criteria

The exclusion criteria were: (a) failure to complete all assessments during the pre- and post-test phases and
(b) medical leave or health-related justifications that prevented full physical participation in the implemented
activities

Instruments

Static balance

Static balance was assessed using the Flamingo Balance Test, whose validity and test—retest reliability were
demonstrated by Tsigilis et al. (2002), reporting an intraclass correlation coefficient (ICC) of .73. The test was
performed barefoot, with the participant standing on one foot on a non-slip beam measuring 50 cm in length,
4 cmin height, and 3 cm in width (Unal et al., 2024), while the free leg was flexed at the knee and held with
the hand on the same side. Timing began once the initial position was released and was stopped each time
the participant lost balance. If the participant lost balance 15 times within the first 30 seconds, the test was
terminated and assigned a score of 31 (Groselj et al., 2019). The test outcome corresponded to the number
of attempts rather than the number of errors; therefore, a lower score indicated better static balance
performance.

Dynamic balance

Dynamic balance was assessed using the Y Balance Test (YBT). During testing, participants stood barefoot
in a single-leg stance on a central platform connected to three pipes oriented in the anterior, posteromedial,
and posterolateral directions. Using the free limb, participants pushed a reach indicator that slid along the
pipe. The trial was discarded and repeated if: (1) the stance foot was lifted from the platform or crossed the
marked line, (2) the participant kicked, pushed, or stepped on the reach indicator, (3) the reaching limb
touched the ground, or (4) balance was lost before returning to an upright position (Alkhathami, 2023).

For each direction, one practice trial was performed followed by three valid trials. The greatest reach distance
(in centimetres) recorded in each direction was used for analysis. A composite score was calculated and
expressed as a percentage of limb length using the formula:

[(Anterior + Posteromedial + Posterolateral) / (3 * Limb length) * 100].

Limb length was measured in centimetres from the anterior superior iliac spine to the most distal portion of
the medial malleolus (Foldager et al., 2023; Plisky et al., 2021).

Reaction time

Reaction time was assessed using the plate tapping test (Ince, 2021). Participants were positioned in front
of a table equipped with a board containing two circular metal plates (20 cm in diameter) separated by 80 cm
between their centres. The non-dominant hand was placed on a rectangular plate (30 x 20 cm) located in the
centre of the board. Participants were instructed to perform 25 consecutive taps with the dominant hand on
the circular plates as quickly as possible. Timing stopped when a total of 50 taps had been completed
(Council of Europe, 1983). A shorter completion time indicated better reaction time performance. The
procedure was repeated twice, and the best recorded time was used for analysis.

Intervention
The intervention followed a self-developed protocol lasting 8 weeks, distributed across nine sessions of 60
to 90 minutes each (Table 1). It was implemented within the elective PE course “Promotion of Active and
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Healthy Lifestyles”, addressing learning objectives numbers 1, 2, and 5 established by the Chilean Ministry
of Education (Ministerio de Educacion, 2019).

The activity design was based on guidelines from the Goalball Manual (Gomez & Tosim, 2016) and the
Paralympic Sport Initiation Manual: Goalball (Aparecido de Oliveira & Pereira da Silva, 2022), which were
adapted to the school context of the study. Sessions included individual, paired, and group-based tasks,
predominantly using blindfolds to simulate visual impairment, thereby promoting static and dynamic balance
as well as reaction speed. This approach aligned with the pedagogical model proposed by the Chilean
Ministry of Education, which emphasizes the development of motor skills and adaptation to diverse contexts
within PE classes. Additionally, medicine ball throws, locomotor tasks, and authentic goalball game situations
were incorporated.

Table 1. Intervention program.

Session Objective Activities Use of Duration
blindfolds
1 e To become familiar = Presentation on the history of the sport, its No 90
with the Paralympic objectives, equipment, defensive and offensive minutes
sport of Goalball. fundamentals, and rules, supported by
e To strengthen motor audiovisual materials.
and sensory ™ Discussion on the differences between No
coordination. Paralympic sport and adapted sport.
= Familiarization with the equipment used in No
Paralympic Goalball.
= Practical demonstration of basic rules. No
2 e To develop strength = Specific warm-up: guided jogging and joint Yes 90
and accuracy in mobility exercises. minutes
throwing. = Throwing and reaction speed stations: chest No
e To apply basic game passes, overhead throws, and hip rotation
rues in  practical throws.
situations. = Target throwing using different techniques. No
= Defensive movement drills. Yes
= Application in real game situations. Yes
3 e To improve reaction = Specific warm-up: guided jogging and joint Yes 90
speed to auditory mobility exercises. minutes
stimuli. = Auditory reaction exercises: rapid throws with Yes
e To refine defensive immediate defensive response; tracking the
movements in game- ball after rebounds or directional changes.
like conditions. = Defensive circuit: lateral movements and zone Yes
blocking.
=  Fast passing in pairs with changes of direction. Yes
=  Mini-games (1 vs. 1) emphasizing reaction
speed in both defence and offense. Yes
4 e To enhance strength =  Specific warm-up: guided jogging and joint Yes 90
and speed in Goalball mobility exercises. minutes
throwing. = Throws using a medicine ball. Yes
e To improve =  Throwing and receiving drills in lines (two Yes
coordination and groups).
application in real = Guided coordination circuit. Yes

game situations. Game-like situations. Yes
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To improve strength Specific warm-up: guided jogging and joint Yes 60
and postural control mobility exercises. minutes
for Goalball throwing. Workstations: medicine ball throws against a Yes
To improve balance wall; balance exercises on a BOSU with
and spatial orientation auditory instructions combined with guided
during movement. straight-line running; rapid blocking following
auditory signals (auditory stimulation and
reaction).
Small-sided games (1 vs. 1 and 2 vs. 2) Yes
emphasizing balance maintenance and control
during offensive and defensive actions.
To improve Specific warm-up: guided jogging and joint Yes 60
coordination and mobility exercises. minutes
orientation  through Group game: collecting materials guided by Yes
auditory stimuli. auditory cues within a set time.
To enhance balance Balance station: obstacle course on a BOSU Yes
and teamwork in with guidance, performed in teams (the fastest
adapted activities. team wins).
Line movements: forward movement, turn, and Yes
return following auditory guidance.
Applied final game: paired reaction speed Yes
dynamics using auditory stimuli and movement.
To strengthen Joint mobility exercises. Yes 90
accuracy and power in Frontal throws using medicine balls. minutes
Goalball throws. Throws performed from a BOSU (balance and Yes
To improve reaction body control training).
speed and blocking in Reaction to auditory stimuli, rapid movements, Yes
real game situations. and blocking drills.
Game-like situation (3 vs. 3). Yes
To promote Specific warm-up: guided jogging and joint Yes 60
cooperation and mobility exercises. minutes
spatial orientation Cooperative sound maze: obstacle course with Yes
through auditory one guide, transporting the group from one side
stimuli. to the other.
To apply passing Goalball passing drills: zig-zag dynamics with Yes
techniques and back-and-forth  movement; the  group
gameplay in reduced completing the task in the shortest time wins.
Goalball situations. Small-sided game applying passes, blocks, Yes
and auditory orientation.
To integrate the skills Cooperative warm-up: activation game in pairs Yes 60
learned into  real (with and without auditory stimuli). minutes
Goalball situations. Integrative circuit of stations: precision throwing Yes
To promote reflection to targets; auditory reaction with movement and
on learning, inclusion, blocking; dynamic balance in an obstacle
and teamwork. course.
Goalball match. Yes
Group discussion reflecting on learning No

outcomes achieved during the intervention.

Procedures
First, the educational institution was visited to present the voluntary intervention plan to students enrolled in
the elective course “Promotion of Active and Healthy Lifestyles.” All participants received assent and informed
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consent forms, which were required to be signed by both the students and their parents or legal guardians.
Once the signed consent and assent forms were obtained, baseline data collection (pre-test) was conducted.

Assessments were carried out in the school gymnasium during regular class hours, under the supervision of
the principal investigator and with PE teacher support. Each student was assessed under two experimental
conditions: a non-blindfolded condition (without blindfold; WOB), representing normal visual input, and a
blindfolded condition (with blindfold; WB), simulating visual impairment. All assessments were conducted
following the standardized protocols established for each test. After completion of the assessments, an 8-
week intervention was implemented (Table 1). At the end of the intervention, physical assessments (post-
test) were repeated in the school gymnasium. For the analysis of results, only students who completed both
the pre-test and post-test were included.

Didactic Unit: Goalball in Physical
Education Classes

.} .\

1 week 8 weeks 1 week
(9 sessions)

Static and Dynamic Balance and
Reaction Time Tests
(with and without blindfolds)

Figure 1. Intervention overview.

Statistical analysis

Sample size was estimated a priori using G*Power version 3.1.9.7, assuming a large effect size (f = 0.40),
based on previous evidence reporting moderate to large effects (Bednarczuk et al., 2019; Zetterlund et al.,
2019). The analysis considered a significance level of a = .05, a desired statistical power of 0.80, two
measurements, and a moderate correlation between repeated measures (r = 0.50), with a sphericity
correction of € = 1. Under these assumptions, the minimum required sample size was 15 participants. In this
context, the final sample of 22 students was considered adequate and sufficient to meet the study objectives.

Descriptive data were presented using means and standard deviations for static balance (n), dynamic
balance (%), and reaction time (s), given that the data showed a normal distribution according to the Shapiro—
Wilk test.

Subsequently, to compare outcomes, a repeated-measures ANOVA with two within-subject factors (time: pre
vs. post; condition: with blindfold vs. without blindfold) was applied to evaluate main effects and interactions
between the study variables. When the time x condition interaction was significant, post hoc comparisons
with Bonferroni corrections were conducted to identify differences between assessment moments (pre vs.
post) and between conditions (with and without blindfold).

The effect size of the interaction was estimated using partial eta squared (np?), interpreted as small (.01),
medium (.06), and large (.14) (Pallant, 2011). For multiple comparisons, effect size was calculated using
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Cohen’s d, with the following qualitative thresholds: trivial (<.20), small (.21 — .49), moderate (.50 — .79), and
large (>.80) (Cohen, 1992).

As a complementary analysis, the individual relative delta was calculated for each variable and condition. For
variables in which an increase in post-intervention scores represented improved performance (e.g., dynamic
balance), the relative delta was calculated using the equation: [(Post value — Pre value) / Pre value) * 100].
Conversely, for variables in which a decrease in post-intervention scores indicated improved performance
(static balance and reaction time), the relative delta was calculated using the equation: [(Pre value — Post
value) / Pre value) * 100]. Based on these values, the absolute change by condition and the difference
between conditions (AWB - AWOB) were estimated, along with their 95% confidence intervals, which were
displayed using a forest plot. Positive values indicated greater improvement in the WB (with blindfold)
condition, whereas negative values reflected a relative advantage of the WOB (without blind fold) condition.

Statistical analyses were performed using RStudio V 4.5.0. Statistical significance was set at p < .05.
RESULTS

The results of the repeated-measures ANOVA for static balance, dynamic balance, and reaction time under
the WB and WOB conditions, comparing pre- and post-intervention time points, are presented in Table 2.

Regarding the time x condition interaction, a significant effect was observed only for static balance (F (1,42 =
7.80, p=.008, np?=.157, large effect). In contrast, no significant interactions were found for dynamic balance
(F1,42 = 0.00, p = .973, np? = .000) or reaction time (F(1,42) = 0.01, p = .920, np? = .000).

With respect to between-condition effects, a significant main effect of condition was identified for static
balance (F1,42) = 49.29, p < .001, np? = .540, large effect), indicating overall differences between the WB and
WOB conditions across both measurement time points. No significant between-condition differences were
observed for dynamic balance (F(142) = 1.77, p = .191). For reaction time, a significant main effect of condition
was found (F142) = 4.39, p = .042, np? = .095, medium effect); however, given the absence of a time effect
and a significant interaction, this result reflects a general difference between conditions rather than an
intervention-related effect.

Table 2. Repeated-measures ANOVA results.

Variable Effect Fan p - Value n? partial
Condition F142=49.29 <.001 540
Static balance (n) Time F142=182.55 <.001 813
Interaction Fu42=7.80 .008 157
Condition Fiag=1.77 191 .040
Dynamic balance (%) Time F142=15.53 <.001 270
Interaction Fu42=.00 973 .000
Condition F142=4.39 .042 .095
Reaction time (s) Time Fi429=.07 790 .002
Interaction Fa42=.01 920 .000

Regarding within-condition effects, intervention analyses revealed a significantimprovement in static balance
for both the WB condition (p < .001, d = 2.34, large effect) and the WOB condition (p < .001, d = 1.53, large
effect). For dynamic balance, a significant improvement was observed only in the WOB condition (p = .045,
d =0.31, small effect). Finally, no significant improvements were observed in reaction time.
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Condition - WB -e- WOB

Static balance Dynamic balance Reaction time
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Time

Figure 2. Changes in motor performance following the intervention under conditions with and without visual
restriction.

Figure 3 illustrates the between-condition differences (WB - WOB) in absolute change for the analysed
variables. For static balance, the point estimate and its 95% confidence interval were entirely located to the
right of the null value, indicating a significantly greater improvement in the WB condition compared with WOB.
For reaction time, the estimate was close to the null value and the confidence interval crossed zero, indicating
no differences between conditions. For dynamic balance, high variability was observed in the estimate, with
a wide confidence interval that included the null value, precluding the identification of a clear advantage of
one condition over the other.

Favours WOB Favours WB

O

1
1
1
) 1
Static balance 1 1 I
1
1
1
1
1

Dynamic balanceq{ |

Reaction time | |—< )—|
1
1
1
1
1
O
A4
1
1
1
l

25 0.0 25 5.0
Figure 3. Between-condition difference in absolute change (WB - WOB).

DISCUSSION

The aim of this study was to evaluate the effect of a goalball-based didactic unit on static balance, dynamic
balance, and reaction time in secondary school students simulating visual impairment. The main finding was
that a goalball-based instructional unit significantly improved static balance and produced modest gains in
dynamic balance in students without visual impairment, with a differential effect favouring the blindfolded
condition (WB) observed exclusively for static balance.
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Effective inclusion in PE requires strategies that level opportunities for participation while challenging the
perceptual-motor capacities of all students. In this regard, goalball emerges as a particularly valuable
pedagogical tool. According to Lieberman et al. (2019), adapted sport can be implemented as a strategy that
engages all students in equivalent motor demands, facilitating the development of physical capacities through
shared participation, regardless of disability status. The findings of the present study support this premise by
demonstrating that participation in adapted sports increases the demand on compensatory systems, resulting
in improvements in both static and dynamic balance.

The significant time x condition interaction observed for static balance (np? = .157) suggests that systematic
Goalball practice under visual restriction enhances postural control mechanisms, likely through increased
reliance on proprioceptive and vestibular information. This finding is consistent with previous studies
describing postural adaptations associated with visual deprivation during static balance tasks (Akinoglu &
Kocahan, 2018; Goksen & ince, 2024).

In line with these sensory reweighting mechanisms, the complementary forest plot analysis showed a point
estimate shifted toward positive values in the between-condition contrast, indicating a greater magnitude of
pre—post improvement in the WB condition. Although the confidence interval was wide (reflecting
interindividual variability and limited precision) the direction of the effect was consistent with the hypothesis
that visual restriction through adapted sport practice increases somatosensory and vestibular demands
during postural control (Akinoglu & Kocahan, 2018; Zetterlund et al., 2019). For example, research conducted
with athletes with visual impairment has shown that individuals with low vision (B3) perform lower on balance
tests with eyes closed than blind athletes (B1), suggesting that residual vision may interfere with the sensory
integration required for postural control (Goksen & ince, 2024).

Accordingly, the findings in this study are coherent with prior evidence indicating that the complete absence
of visual information may foster more efficient somatosensory and vestibular compensatory strategies than
those observed in individuals with partial visual impairment. In this context, Juodzbaliene and Muckus (2006)
reported that totally blind adolescents exhibited postural control comparable to that of sighted individuals with
eyes open, and superior to that of individuals with residual vision. This suggests that residual vision may
interfere with the sensory integration required for static balance. Therefore, compensatory strategies may
emerge from the specific motor demands inherent to sport practice (Bednarczuk et al., 2019).

One of the most critical contributions of these findings is the insight they provide into visual restriction in
individuals with low vision. As noted by Quevedo et al. (2014), knowledge of functional classifications and
the impact of residual vision is essential for teachers. The observation that students with partial vision may
display less efficient postural control than their blind peers highlights the pedagogical relevance of blindfold
use in PE classes. This tool not only equalizes performance conditions but also, as described by Brian &
Haegele (2014), allows students without disabilities to “experience the barriers that students with visual
impairments must overcome to participate in activities” (p. 44), fostering cognitive empathy grounded in the
sensory reality of others.

With respect to dynamic balance, the observed changes were moderate. Although dynamic balance has
been shown to be influenced by visual status —where individuals without visual impairment typically
outperform blind athletes—, it has also been reported that blind athletes who practice goalball once or twice
per week demonstrate better dynamic balance than sedentary blind individuals (Aydog et al., 2006). In the
present study, although no significant global differences were found (p = .973), a significant improvement
was observed in the WOB condition following the intervention (p = .045; d = 0.31, moderate effect),
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suggesting a positive trend that may depend on longer and more specific training exposure (Bednarczuk et
al., 2019).

Although improvement was observed only in the WOB condition, this variation may be explained by the
technical demands of the Y Balance Test, which requires highly specific dynamic stability and a greater
transfer of acquired skills to elicit significant changes (Plisky et al., 2021; Plisky et al., 2009). Additionally,
psychological factors such as fear of falling may limit movement amplitude and confidence during reaching
tasks (Erden & Giner, 2018). Consequently, these results should be interpreted in light of the limited duration
of the intervention and the absence of a control group, both of which may have constrained the magnitude of
observed changes in dynamic balance.

Regarding reaction time, the findings of the present study were more moderate than those reported by Ince
(2021), which may be attributed to factors such as the characteristics of the sample, age range, training
intensity, and number of sessions. The literature indicates that age influences responsiveness to training
stimuli, with younger participants being more susceptible to improvement (Hardwick et al., 2022). Moreover,
longer training programs with higher session frequency are associated with greater improvements in reaction
time (Balko et al., 2017), and training specificity and experience are key determinants of these adaptations
(Luo et al., 2025). Overall, these findings extend the evidence supporting the use of adapted sport in PE by
demonstrating that systematic practice under visual restriction can induce measurable postural adaptations
in students without visual impairment, thus extending beyond its traditionally sensitization-focused role.

In summary, the goalball-based didactic unit demonstrated a positive impact primarily on static balance,
confirming that participation in this adapted sport stimulates proprioception and strengthens postural control
in school-aged students without visual impairment. This finding aligns with previous research highlighting the
importance of non-visual stimuli in postural stability (Akinoglu & Kocahan, 2018; Zetterlund et al., 2019).
Although changes in dynamic balance and reaction time were smaller, these results suggest that longer or
more targeted programs may further enhance these capacities (Bednarczuk et al., 2019; Ince, 2021; Plisky
et al., 2021). Taken together, the present study provides evidence of the pedagogical value of goalball, not
only for its motor benefits but also for its inclusive potential to promote body awareness and sensitivity toward
diversity within school contexts.

Limitations

This study has several limitations that should be acknowledged. First, differences in the physical spaces
where pre- and post-test assessments were conducted may have influenced student performance due to
uncontrolled environmental factors. For example, sessions were conducted while sharing the gymnasium
with another group, resulting in a constant level of background noise that may have affected the silence
required for goalball play and for activities relying on auditory stimuli. Second, the duration of the intervention
(8 weeks, 9 sessions) represents another limitation, as longer and more frequent exposure may be necessary
to support familiarization and conscious gameplay. Additionally, the absence of a control group limits causal
inference regarding the intervention effects.

Future research

Future studies are encouraged to increase sample size, implement longer interventions with higher inter-
session frequency, and include a control group to enable more robust comparisons. Furthermore, it would be
valuable to explore the impact of this didactic approach in relation to other adapted sports in order to
determine the comparative effectiveness of different modalities for developing motor, physical, and cognitive
skills in students without visual impairments.
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CONCLUSION

The aim of this study was to evaluate the effect of a goalball-based didactic unit on static balance, dynamic
balance, and reaction time in secondary school students simulating a visual impairment. In relation to this, it
can be concluded that the intervention produced significant improvements in static balance, with large effect
sizes in both conditions, but with a greater positive trend in the WB condition. Dynamic balance showed small
increases, reaching statistical significance only in the WOB condition, whereas reaction time did not exhibit
significant changes. Therefore, the Goalball-based didactic unit appears to be an effective pedagogical
strategy for strengthening static postural control and proprioceptive stimulation, even in students without
visual impairment, confirming its potential as a valuable instructional resource within PE classes.

AUTHOR CONTRIBUTIONS

CVP: project administration, conceptualization, methodology, data collection, writing-original draft, software,
investigation. PR: infrastructure resource management, supervision, investigation. FMH: conceptualization,
writing-review, validation. FAR: conceptualization, writing-review, visualization. CLR: methodology,
visualization, investigation. KCC: investigation, software, formal analysis, methodology, writing-original draft,
editing, supervision.

SUPPORTING AGENCIES

No funding agencies were reported by the authors.
DISCLOSURE STATEMENT

No potential conflict of interest was reported by the authors.
Al STATEMENT

Artificial intelligence software was used exclusively for translation and language editing purposes in order to
improve the English expression and readability of the text. The scientific content of the manuscript (including
the study design, data collection, analysis, interpretation of results, and academic writing) was entirely
developed by the authors. No artificial intelligence tools were used to generate the research content, results,
or conclusions presented in the manuscript. The authors assume full responsibility for the originality, integrity,
and accuracy of the work submitted.

REFERENCES

Abellan, J., Saez-Gallego, N., & Carrion, S. (2018). La boccia como deporte adaptado y sensibilizador en
Educacién Fisica en Educacién Secundaria. SPORT TK: Revista Euroamericana de Ciencias Del
Deporte, 7(2), 109-114. https://doi.org/10.6018/sportk.343011

Abellan, J., Saez-Gallego, N., & Reina, R. (2018). Explorando el efecto del contacto y el deporte inclusivo en
Educacion Fisica en las actitudes hacia la discapacidad intelectual en estudiantes de secundaria.
RICYDE. Revista Internacional de Ciencias Del Deporte, 14(53), 233-242.
https://doi.org/10.5232/ricyde2018.05304

716 | 2026 | ISSUE 2 | VOLUME 21 © 2026 ARD Asociacion Espariola


https://doi.org/10.6018/sportk.343011
https://doi.org/10.5232/ricyde2018.05304

Valderrama-Pifiones, et al. / Effects of a goalball-based unit on balance and reaction time Journal of Human Sport & Exercise

Akinoglu, B., & Kocahan, T. (2018). Comparison of muscular strength and balance in athletes with visual
impairment and hearing impairment. Journal of Exercise Rehabilitation, 14(5), 765-770.
https://doi.org/10.12965/jer.1836304.152

Alkhathami, K. M. (2023). Using the Y-balance Test as a Predictor Tool for Evaluating Non-contact Injuries
in University League Football Players: A Prospective Longitudinal Study. Cureus.
https://doi.org/10.7759/cureus.39317

Aparecido de Oliveira, R., & Pereira da Silva, L. (2022). Manual de Iniciacién al Deporte Paralimpico:
Goalball. Comité Paralimpico Brasileiro. Retrieved from [Accessed 2026, 16 March]:
https://www.educacaoparalimpica.org.br/pluginfile.php/346144/mod_resource/content/4/manualinici
acao_goalball ESP-digital.pdf

Aydog, E., Aydog, S. T., Cakci, A., & Doral, M. N. (2006). Dynamic postural stability in blind athletes using
the biodex stability system. International Journal of Sports Medicine, 27(5), 415-418.
https://doi.org/10.1055/s-2005-865777

Balko, S., Rous, M., Balk, 1., Hnizdil, J., & Borysiuk, Z. (2017). Influence of a 9-week training intervention
on the reaction time of fencers aged 15 to 18 years. Physical Activity Review, 5, 146-154.
https://doi.org/10.16926/par.2017.05.19

Bataller-Cervero, A. V., Bascuas, P. J., Rabal-Pelay, J., Gutiérrez, H., Piedrafita, E., & Berzosa, C. (2022).
Attack and Defense Performance in Goalball: A Proposal for Throwing, Balance and Acoustic
Reaction Evaluation. Biology, 11(8), 1234. https://doi.org/10.3390/biology11081234

Bednarczuk, G., Molik, B., Morgulec-Adamowicz, N., Kosmol, A., Wiszomirska, I., Rutkowska, I., &
Perkowski, K. (2017). Static balance of visually impaired paralympic goalball players. International
Journal of Sports Science & Coaching, 12(5), 611-617. https://doi.org/10.1177/1747954117727791

Bednarczuk, G., Wiszomirska, I., Rutkowska, 1., & Skowronski, W. (2019). Effects of sport on static balance
in athletes with visual impairments. Journal of Sports Medicine and Physical Fitness, 59(8), 1319-
1327. https://doi.org/10.23736/S0022-4707.18.09089-8

Brian, A., & Haegele, J. (2014). Including Students with Visual Impairments: Softball. Journal of Physical
Education, Recreation & Dance, 85(3), 39-45. https://doi.org/10.1080/07303084.2014.875808

Campos-Campos, K. I., Del Pino, |., Pefia, E., Valderrama, C., Wall, C., & Céceres, F. (2023). Efecto de una
intervencion basada en deportes paralimpicos sobre las actitudes hacia la inclusion de estudiantes
con discapacidad en clases de Educacion Fisica. Retos, 50, 644-650.
https://doi.org/10.47197/retos.v50.99760

Cohen, A. (2013). Vision rehabilitation for visual-vestibular dysfunction: The role of the neuro-optometrist.
NeuroRehabilitation, 32(3), 483-492. https://doi.org/10.3233/NRE-130871

Cohen, J. (1992). A power primer. Psychological Bulletin, 112(1), 155-159. https://doi.org/10.1037/0033-
2909.112.1.155

Corrales, A. (2010). El Deporte Como Elemento Educativo Indispensable En El Area De Educacion Fisica.
EmasF, 4(21), 1-14.

Council of Europe. (1983). Sport testing physical fitness eurofit experimental battery provisional handbook.
Strasburg.

Decreto N°170/2009. (2009). Fija normas para determinar los alumnos con necesidades educativas
especiales que seran beneficiarios de las subvenciones para educacion especial. (21 de abril del
2010). En Biblioteca del Congreso Nacional. Retrieved from [Accessed 2026, 16 March]:
https://www.bcn.cl/leychile/navegar?idNorma=1078172

Decreto N°83/2015. (2015). Aprueba Criterios y Orientaciones de Adecuacion Curricular para Estudiantes
con Necesidades Educativas Especiales de Educacion Parvularia y Educacion Basica (05 de febrero
del 2015). En Biblioteca del Congreso Nacional. Retrieved from [Accessed 2026, 16 March]:
https://www.bcn.cl/leychile/navegar?idNorma=1074511

VOLUME 21 | ISSUE 2 | 2026 | 717


https://doi.org/10.12965/jer.1836304.152
https://doi.org/10.7759/cureus.39317
https://www.educacaoparalimpica.org.br/pluginfile.php/346144/mod_resource/content/4/manualiniciacao_goalball_ESP-digital.pdf
https://www.educacaoparalimpica.org.br/pluginfile.php/346144/mod_resource/content/4/manualiniciacao_goalball_ESP-digital.pdf
https://doi.org/10.1055/s-2005-865777
https://doi.org/10.16926/par.2017.05.19
https://doi.org/10.3390/biology11081234
https://doi.org/10.1177/1747954117727791
https://doi.org/10.23736/S0022-4707.18.09089-8
https://doi.org/10.1080/07303084.2014.875808
https://doi.org/10.47197/retos.v50.99760
https://doi.org/10.3233/NRE-130871
https://doi.org/10.1037/0033-2909.112.1.155
https://doi.org/10.1037/0033-2909.112.1.155
https://www.bcn.cl/leychile/navegar?idNorma=1078172
https://www.bcn.cl/leychile/navegar?idNorma=1074511

Valderrama-Pifiones, et al. / Effects of a goalball-based unit on balance and reaction time Journal of Human Sport & Exercise

ENDISC. (2022). Ill Estudio Nacional de la Discapacidad en Chile. SENADIS. Retrieved from [Accessed
2026, 16 March]: www.senadis.gob.cl

Erden, A., & Glner, S. G. (2018). Impact of exercise on quality of life, body awareness, kinesiophobia and
the risk of falling among young older adults. Cukurova Medical Journal, 43(4), 941-950.

Foldager, F. N., Aslerin, S., Baekdahl, S., Tenning, L. U., & Mechlenburg, I. (2023). Interrater, Test-retest
Reliability of the Y Balance Test: A Reliability Study Including 51 Healthy Participants. International
Journal of Exercise Science, 16(4), 182-192. https://doi.org/10.70252/ISDY8884

Gamonales, J. M., & Campos Galan, S. (2017). Propuesta de Unidad Didé&ctica para Educacion Fisica:
Conociendo  los  Deportes  Paralimpicos.  Publicaciones  Didéacticas, 15, 77.
https://doi.org/10.33776/remo.v0i15.5031

Gamonales, J. M., Hernandez-Beltrén, V., Gdmez-Calvo, L., & Mufioz-Jiménez, J. (2023). Analysis of the
benefits of the practice of goalball during physical education classes: systematic review. Escuela
Abierta, 26, 73-89. https://doi.org/10.29257/EA26.2023.06

Goksen, A., & ince, G. (2024). Sensory function and somatosensorial system changes according to visual
acuity and throwing techniques in goalball players: A cross-sectional study. PLOS ONE, 19(3),
€0296948. https://doi.org/10.1371/journal.pone.0296948

Gbémez, D., & Tosim, A. (2016). Maximus Project Il: Manual para entrenadores de Goalball. Retrieved from
[Accessed 2026, 16 March]: https://es.scribd.com/document/404059163/MANUAL-PARA-
ENTRENADORES-DE-GOALBALL-pdf

Grace-Gaerlan, M., Alpert, P. T., Cross, C., Louis, M., & Kowalski, S. (2012). Postural balance in young
adults: The role of visual, vestibular and somatosensory systems. Journal of the American Academy
of Nurse Practitioners, 24(6), 375-381. https://doi.org/10.1111/j.1745-7599.2012.00699.x

Groselj, J., Osredkar, D., Sember, V., & Pajek, M. (2019). Associations between balance and other
fundamental motor skills in pre-adolescents. In Medicina dello Sport (Vol. 72, Issue 2, pp. 200-215).
https://doi.org/10.23736/S0025-7826.19.03482-3

Haegele, J. A. (2019). Inclusion lllusion: Questioning the Inclusiveness of Integrated Physical Education.
Quest, 71(4), 387-397. https://doi.org/10.1080/00336297.2019.1602547

Hardwick, R. M., Forrence, A. D., Gabriela Costello, M., Zackowski, K., & Haith, A. M. (2022). Age-related
increases in reaction time result from slower preparation, not delayed initiation. Journal of
Neurophysiology, 128(3), 582. https://doi.org/10.1152/in.00072.2022

Hernandez-Beltran, V., Espada, M., Castelli Correia de Campos, L. F., Ferreria, C., Chalapud-Narvaez, L.,
& Gamonales, J. M. (2024). Analysis of the benefits of Inclusive Sport in the scope of Physical
Education. Systematic review. Retos, 56, 128-140. https://doi.org/10.47197/retos.v56.102933

Hernandez-Beltran, V., Gamez-Calvo, L., & Gamonales, J. M. (2017). Propuesta de Unidad Didéactica para
Educacion Fisica: Conociendo los deportes para personas con discapacidad visual. E-Motion:
Revista de Educacion, Motricidad e Investigacion, 15, 77. https://doi.org/10.33776/remo.v0i15.5031

Ince, G. (2021). Effects of eight weeks of goalball training on reaction time and attention performance in
children. International Symposium of Adapted Physical Activity, 1(1), 93. Retrieved from [Accessed
2026, 16 March]: https://jyx.jyu.filbitstream/handle/123456789/76572/1/Abstracts-template-Final.pdf

International Blind of Sports Federation. (2024). Goalball rules and regulations. 2022-2024. 1-58. Retrieved
from [Accessed 2026, 16 March]: https://goalballuk.com/wp-content/uploads/2022/01/IBSA-
Goalball-Rules-and-Regulations-2022-2024.pdf

Juodzbaliene, V., & Muckus, K. (2006). The influence of the degree of visual impairment on psychomotor
reaction and equilibrium maintenance of adolescents. Medicina (Kaunas, Lithuania), 42(1), 49-56.

Laughlin, M. K., & Happel, K. (2016). Developing an Appropriate Goalball Unit for Secondary Physical
Education. Strategies, 29(1), 16-23. https://doi.org/10.1080/08924562.2015.1111784

718 | 2026 | ISSUE 2 | VOLUME 21 © 2026 ARD Asociacion Espariola


http://www.senadis.gob.cl/
https://doi.org/10.70252/ISDY8884
https://doi.org/10.33776/remo.v0i15.5031
https://doi.org/10.29257/EA26.2023.06
https://doi.org/10.1371/journal.pone.0296948
https://es.scribd.com/document/404059163/MANUAL-PARA-ENTRENADORES-DE-GOALBALL-pdf
https://es.scribd.com/document/404059163/MANUAL-PARA-ENTRENADORES-DE-GOALBALL-pdf
https://doi.org/10.1111/j.1745-7599.2012.00699.x
https://doi.org/10.23736/S0025-7826.19.03482-3
https://doi.org/10.1080/00336297.2019.1602547
https://doi.org/10.1152/jn.00072.2022
https://doi.org/10.47197/retos.v56.102933
https://doi.org/10.33776/remo.v0i15.5031
https://jyx.jyu.fi/bitstream/handle/123456789/76572/1/Abstracts-template-Final.pdf
https://goalballuk.com/wp-content/uploads/2022/01/IBSA-Goalball-Rules-and-Regulations-2022-2024.pdf
https://goalballuk.com/wp-content/uploads/2022/01/IBSA-Goalball-Rules-and-Regulations-2022-2024.pdf
https://doi.org/10.1080/08924562.2015.1111784

Valderrama-Pifiones, et al. / Effects of a goalball-based unit on balance and reaction time Journal of Human Sport & Exercise

Ley N° 20.422. (2010). Establece normas sobre igualdad de oportunidades e inclusion social de personas
con discapacidad (3 de febrero del 2010). En Biblioteca del Congreso Nacional. Retrieved from
[Accessed 2026, 16 March]: https://www.bcn.cl/leychile/navegar?idNorma=1010903

Ley N° 20.845. (2015). De inclusion escolar que regula la admision de los y las estudiantes, elimina el
financiamiento compartido y prohibe el lucro en establecimientos educacionales que reciben aportes
del Estado. (08 de junio del 2015). En Biblioteca del Congreso Nacional. Retrieved from [Accessed
2026, 16 March]: https://www.bcn.cl/leychile/navegar?idNorma=1078172

Lieberman, L. J., Lepore, M., Lepore-Stevens, M., & Ball, L. (2019). Physical Education for Children with
Visual Impairment or Blindness. Journal of Physical Education, Recreation & Dance, 90(1), 30-38.
https://doi.org/10.1080/07303084.2018.1535340

Luo, Y., Cao, Y., Pan, X,, Li, S., Koh, D., & Shi, Y. (2025). Effects of stroboscopic visual training on reaction
time and movement accuracy in collegiate athletes: a systematic review and meta-analysis. Scientific
Reports, 15(1), 1-16. https://doi.org/10.1038/s41598-025-10393-4

Ministerio de Educacion. (2019). Promocion de estilos de vida activos y saludables. Retrieved from
[Accessed 2026, 16 March]: https://www.curriculumnacional.cl/portal/Diferenciado-Humanista-
Cientifico/Educacion-fisica-y-salud/Promocion-de-estilos-de-vida-activos-y-saludables/

Morales, W. J., & Torres, J. C. (2016). Caracterizacion del Goalball. Universidad Pedagdgica Nacional,
4(June), 2016.

Mufoz-Hinrichsen, F. |., Camargo-Rojas, D. A., Grassi-Roig, M., Torres-Paz, L., Pérez-Tejero, J., Martinez-
Aros, A., & Herrera-Miranda, F. (2024). Facilitators and barriers for the inclusion of students with
disabilities in Physical Education in Colombia, Chile, Spain and Peru. Apunts Educacién Fisica y
Deportes, 158, 34-43. https://doi.org/10.5672/apunts.2014-0983.es.(2024/4).158.04

Mufioz-Jiménez, J., Gamonales, J. M., Leén, K., & Ibafez, S. J. (2021). Anélisis del rendimiento deportivo
del goalball de competicién en funcién del género. Revista Internacional de Medicina y Ciencias de
La Actividad Fisica y Del Deporte, 21(84), 819-842. https://doi.org/10.15366/rimcafd2021.84.012

Nogueda, I. (1995). Ensefianza del deporte y educacion fisica. 68, 82-84.

Ojeda-Troncoso, N., & Campos-Campos, K. (2025). Adapted Sports-Based Games With Cooperative and
Competitive Approaches on Social and Motor Skills in Early Primary School Students. Perceptual
and Motor Skills, 0(0), 1-19. https://doi.org/10.1177/00315125251342622

Pallant, J. (2011). SPSS survival manual: A step by step guide to data analysis using the SPSS program (4th
ed.). Allen & Unwin.

Plisky, P. J., Gorman, P. P., Butler, R. J., Kiesel, K. B., Underwood, F. B., & Elkins, B. (2009). The reliability
of an instrumented device for measuring components of the star excursion balance test. North
American Journal of Sports Physical Therapy : NAJSPT, 4(2), 92-99.

Plisky, P., Schwartkopf-Phifer, K., Huebner, B., Garner, M., & Bullock, G. (2021). Systematic review and
meta-analysis of the y-balance test lower quarter: Reliability, discriminant validity, and predictive
validity. International Journal of Sports Physical Therapy, 16(5), 1190-1209.
https://doi.org/10.26603/001¢.27634

Quevedo, L., Castaiié, M., Solé, J., & Cardona, G. (2014). Study of Visual Function in a Population of Elite
Athletes. Apunts. Educacion Fisica y Deportes, 116, 69-79. https://doi.org/10.5672/apunts.2014-
0983.es.(2014/2).116.07

Santos, C. do N., de Carvalho, T. L., Felicio, L. R., Mainenti, M. R. M., & Vigario, P. dos S. (2018). Controle
postural de atletas com diferentes grados de perda visual. Journal of Physical Education , 29(1), e-
2936. https://doi.org/10.4025/iphyseduc.v29i1.2936

Silva, G.P., Pereira, V.R., Depra, P.P. & Gorla, J. I. (2010). Tempo de reacéo e a eficiéncia do jogador de
goalball na interceptagdo/defesa do lancamento/ataque. Motricidade, 6(4), 13-22.
https://doi.org/10.6063/motricidade.6(4).134

VOLUME 21 | ISSUE 2 {2026 | 719


https://www.bcn.cl/leychile/navegar?idNorma=1010903
https://www.bcn.cl/leychile/navegar?idNorma=1078172
https://doi.org/10.1080/07303084.2018.1535340
https://doi.org/10.1038/s41598-025-10393-4
https://www.curriculumnacional.cl/portal/Diferenciado-Humanista-Cientifico/Educacion-fisica-y-salud/Promocion-de-estilos-de-vida-activos-y-saludables/
https://www.curriculumnacional.cl/portal/Diferenciado-Humanista-Cientifico/Educacion-fisica-y-salud/Promocion-de-estilos-de-vida-activos-y-saludables/
https://doi.org/10.5672/apunts.2014-0983.es.(2024/4).158.04
https://doi.org/10.15366/rimcafd2021.84.012
https://doi.org/10.1177/00315125251342622
https://doi.org/10.26603/001c.27634
https://doi.org/10.5672/apunts.2014-0983.es.(2014/2).116.07
https://doi.org/10.5672/apunts.2014-0983.es.(2014/2).116.07
https://doi.org/10.4025/jphyseduc.v29i1.2936
https://doi.org/10.6063/motricidade.6(4).134

Valderrama-Pifiones, et al. / Effects of a goalball-based unit on balance and reaction time Journal of Human Sport & Exercise

Tsigilis, N., Douda, H., & Tokmakidis, S. P. (2002). Test-Retest Reliability of the Eurofit Test Battery
Administered to University Students. Perceptual and Motor Skills, 95(3_suppl), 1295-1300.
https://doi.org/10.2466/pms.2002.95.3f.1295

Unal, N. N., Akyol, B., & Balkan, A. F. (2024). The reliability and validity of the balance tests in hearing-
impaired athletes. Irish Journal of Medical Science (1971 -), 193(2), 1091-1098.
https://doi.org/10.1007/s11845-023-03492-6

Zetterlund, C., Lundqvist, L., & Richter, H. O. (2019). Visual, musculoskeletal and balance symptoms in
individuals with visual impairment. Clinical and Experimental Optometry, 102(1), 63-69.
https://doi.org/10.1111/cx0.12806

This work is licensed under a Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0 DEED).
720 | 2026 | ISSUE 2 | VOLUME 21 © 2026 ARD Asociacion Espariola



https://doi.org/10.2466/pms.2002.95.3f.1295
https://doi.org/10.1007/s11845-023-03492-6
https://doi.org/10.1111/cxo.12806
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

