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1. Introduction

The learning of complex motor skills is shaped by how practice is organized, including
decisions about whether skills are practiced as whole vs. part tasks and how practice is
scheduled over time (Brydges et al., 2007). In particular, practice order and alternation
between movement patterns (e.g., blocked vs. random schedules) can influence not only
acquisition but also retention (Czyz, Wojcik, Solarska, et al., 2024) and transfer (Czyz,
Wojcik, & Solarska, 2024), consistent with the contextual interference literature and its
extensions to more complex skills and longer training schedules (Porter & Magill, 2010;
Wu et al., 2011). However, a considerable part of the evidence on practice-order effects
originates from highly controlled paradigms, and the generalizability of contextual
interference benefits to complex, real-world skills has been explicitly questioned,
motivating studies in applied settings (Magelssen et al., 2022; Pauwels et al., 2014).

In education-oriented contexts, systematic evidence indicates that physical-education-
based interventions can produce meaningful learning and development effects (Dudley
et al., 2022), but outcomes vary across programs and implementation conditions (Loras,
2020), reinforcing the need for pragmatic research embedded in authentic instructional
settings (Telford et al., 2021). Accordingly, when cluster allocation is used to reduce
contamination in class-based delivery (Keogh-Brown et al., 2007), reporting and design
decisions should follow cluster-trial guidance (Campbell et al., 2012) and standard
protocol items (A.-W. Chan et al., 2025) to support transparent interpretation and
reproducibility.

Juggling is a complex motor skill that requires sustained bimanual coordination and
visuomotor control (Gerber et al., 2014), making it a useful model for examining learning
trajectories and marked interindividual differences in performance (Geller et al., 2023).
From an ecological dynamics perspective, skill performance is understood as emerging
from the continuous interaction between the learner and task and environmental
constraints (Renshaw & Chow, 2019), which supports the use of practice designs that
promote exploration and adaptive coordination, particularly in educational and sport
contexts (Renshaw & Chow, 2019). Consistent with this view, juggling learning patterns
have been shown to differ depending on how practice is structured (e.g., progressively
increasing difficulty vs. learning the complete skill), indicating that this type of task is
sensitive to practice organization and can yield distinct learning trajectories (Geller et al.,
2023). Evidence from juggling further indicates that how the skill is partitioned and
practiced (whole vs. part) can meaningfully influence learning outcomes, reinforcing the
relevance of practice organization in this domain (J. S. Y. Chan et al., 2015).

From a pedagogical standpoint, embedding the intervention within regular course
delivery provides an authentic context to evaluate instructional strategies without
disrupting academic routines, which aligns with the logic of pragmatic education-based
trials (Telford et al., 2021) and the integration of undergraduates in research processes
(Rogers et al., 2012). In physical education more broadly, systematic evidence indicates
that curriculum-based programs can improve motor competence, although effects vary
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across outcomes and implementation conditions (Dudley et al., 2022), supporting the
need to test concrete approaches under real-world constraints (Dudley et al., 2022).
Consistent with these observations, pragmatic cluster-based school interventions also
highlight variability in implementation and outcomes, underscoring the importance of
robust design, transparent reporting (Hoffmann et al., 2014), and appropriate handling of
clustering when instruction is delivered at the class level (Telford et al., 2021).

Within this applied framework, the present study compares two juggling training methods
grounded in distinct pedagogical and biomechanical logics: (A) throwing-based juggling
and (B) bouncing-based juggling (rebounds from the floor). From a constraints-led
perspective, these methods impose different perceptual-motor demands that shape
coordination patterns (Renshaw & Chow, 2019). Throwing-based juggling emphasizes
the control of flight time and anticipatory timing under relatively predictable trajectories,
yet it introduces high vertical variability, as inconsistent toss heights can increase
uncertainty and task complexity.

In contrast, bouncing-based juggling introduces a ball-surface interaction that may
facilitate early skill acquisition through two primary mechanisms. First, the floor acts as
a physical boundary that standardizes the apex of the trajectory, ensuring a consistent
travel distance and reducing the spatial uncertainty inherent in air-tosses. Second, the
extended duration of the ball’s path, from the hand to the floor and back, increases the
total flight time, providing a larger temporal window for the learner to process sensory
feedback and execute motor corrections (Malik et al., 2022). This approach aligns with
the principle of "task scaling," where the temporal and spatial constraints of the task are
modified to better match the learner's capabilities (Iwatsuki & Regis, 2021), potentially
leading to more stable coordination patterns during the initial stages of learning. By
manipulating these task constraints, it may leads to distinct learning trajectories and
adaptive solutions rather than uniform performance gains, particularly in complex
coordinative tasks (Geller et al., 2023).

To address these questions, the present study adopts a two-period, two-sequence cross-
over design (A-B and B—A) assigned at the class-group level (Rietbergen & Moerbeek,
2011; Wellek & Blettner, 2012). This design allows direct comparison of training
methods while reducing inter-individual variability (Hui etal.,, 2015) and limiting
contamination within educational groups. Importantly, motor learning is not expected to
dissipate between practice periods; rather, learning effects typically persist and influence
subsequent performance, particularly in complex skills practiced over multiple sessions
(Czyz, Wojcik, Solarska, et al., 2024; Geller et al., 2023). Accordingly, estimation of the
method effect is prioritized using Period 1, where prior exposure to the alternative method
cannot occur, whereas Period 2 is interpreted as complementary information reflecting
order, transfer, and potential carry-over effects (Kulnik et al., 2025; Shi & Ye, 2024).
Within this framework, transfer is operationalized as relative performance across
different execution contexts stable ground vs. unstable ground (Laudner & Koschnitzky,
2010; Moreno et al., 2023), while performance stability is described as the maintenance
of performance across assessment time points, consistent with contemporary approaches
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to studying learning dynamics rather than isolated endpoint outcomes (Geller et al.,
2023).

Finally, juggling has been consistently associated with substantial demands on
visuospatial processing, sustained attention, and executive control, supporting its use as
a paradigmatic task for examining interactions between motor and cognitive processes
(Voelcker-Rehage et al., 2011). Longitudinal and experimental evidence indicates that
coordinative training, including juggling-based interventions, may be accompanied by
changes in cognitive performance and neural processing (Latino et al., 2021), although
effects vary by task, population, and training characteristics (Malik et al., 2022; Voelcker-
Rehage et al., 2011). In young adults, such cognitive engagement during complex motor
practice provides a plausible rationale for exploring associations between performance
improvement and cognitive (Piper et al., 2015) or psychological variables (Harris et al.,
2023).

2. Objectives and hypotheses

2.1 Primary objective

To compare the effectiveness of two juggling training methods on juggling performance.

2.2 Secondary objectives

1. Temporal evolution and order effect: to describe and compare changes in
juggling performance across the three assessment time points: baseline,
Evaluation 1, and Evaluation 2. Performance will be compared between sequences
(A—B vs B—A) to estimate differences attributable to exposure order.

2. Associations with secondary and exploratory variables: to explore whether
changes in juggling performance are associated with: a) Cognition: (i)
visuospatial ability/mental rotation, (ii) visuospatial working memory (spatial
span), and (ii1) response inhibition and sustained attention. b) Handgrip Strength
¢) Questionnaires: affect and flow.

2.3 Hypotheses

o HI1 (primary, superiority effect): bouncing-based juggling (Method B) will
result in greater performance gains compared to throwing-based juggling (Method
A), particularly in the early stages of acquisition, due to the increased temporal
window for feedback processing and motor planning. The method effect on
performance will be estimated while accounting for period (1 vs 2) and sequence
(A—B vs B—A) in the analytical model.

e H2 (learning-order effect): juggling performance and/or the magnitude of
change between assessments will differ by exposure sequence (A—B vs B—A),
reflecting an effect of learning order.

o H3 (exploratory, cognition): larger improvements in juggling performance will
be associated with changes in cognitive performance.

e H4 (exploratory, covariates/psychosocial): handgrip strength, affective
responses to juggling, and flow state during juggling practice will be positively
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associated with performance and/or its change, and may act as covariates or
exploratory predictors.

3. Study design

3.1 Study type

This is a two-period, two-sequence intervention trial A—B and B—A with repeated
measurements of the primary outcome at three time points: baseline, Evaluation 1, and
Evaluation 2 (Wellek & Blettner, 2012).

The sequence will be assigned through cluster randomization at the class-group level,
such that three class groups will follow the A—B sequence and three class groups will
follow the B—A sequence (1:1 allocation). Within each class group, all students will
receive the same sequence to minimize contamination (Campbell et al., 2012). The
protocol follows established guidance for specifying essential design elements in trial
protocols (A.-W. Chan et al., 2025).

The trial is designed within a superiority framework to test the hypothesis that Method B
provides a more effective entry point for juggling acquisition than Method A. The primary
analysis will estimate the method effect while accounting for sequence and period
(Wellek & Blettner, 2012) and considering the hierarchical data structure (class-group
clustering) (Johnson et al., 2015) and repeated measurements within students. As a
complementary analysis, an estimate based solely on Period 1 will also be presented as a
parallel-group comparison less influenced by prior exposure (Rietbergen & Moerbeek,
2011).

The trial was registered on ClinicalTrials.gov (Identifier: NCT07528924).

3.2 Rationale for the cross-over design

A two-period, two-sequence design is adopted for three main reasons:

1. Efficient comparison of methods: assessing the same participants across
multiple time points improves precision in characterizing learning trajectories and
reduces inter-individual variability in longitudinal follow-up (Hui et al., 2015).

2. Order effect (central objective): in motor learning tasks such as juggling,
practice order may induce transfer or interference between methods. The AB-BA
scheme enables estimation of differences attributable to starting with air-throwing
(A) versus ground-bounce practice (B), both in performance trajectories and in
the final level attained (Wellek & Blettner, 2012).

3. Feasibility and educational equity: in an academic setting, all students receive
both training modalities during the study, supporting equitable learning
opportunities (Rietbergen & Moerbeek, 2011).

Cluster allocation (class group) is justified for operational reasons and to reduce
contamination (Campbell et al., 2012; Rietbergen & Moerbeek, 2011). Given this class-
based design, potential intra-class correlation is anticipated (Hedges & Hedberg, 2013)
and will be addressed analytically through an appropriate hierarchical framework
(Johnson et al., 2015).
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Carryover considerations: unlike pharmacological cross-over settings where washout
may plausibly eliminate effects, behavioural interventions can show persistent carryover;
therefore, Period 2 is interpreted primarily for order/transfer/interference, and Period 1 is
emphasized for estimating the method effect without prior exposure (Kulnik et al., 2025;
Shi & Ye, 2024). Accordingly:

e The protocol pre-specifies an analysis that includes period and sequence,
interpreting Period 2 primarily as information on order-related effects and transfer
between methods.

e As a robustness analysis and to obtain an estimand less influenced by prior
exposure, the between-method comparison based on Period 1 will also be
reported, which is equivalent to a parallel-group comparison between sequences
prior to crossover (Rietbergen & Moerbeek, 2011).

3.3 Cluster structure

Six class groups (clusters) will be included. Three clusters will be assigned to the A—B
sequence and three clusters to the B—A sequence (1:1 ratio). The class group will be the
unit of allocation, and the student will be the unit of observation with repeated measures
(Campbell et al., 2012).

3.4 Duration

The study comprises baseline assessment, Training Period 1, Evaluation 1, a 1-week
wash-out interval, Training Period 2, and Evaluation 2. Each intervention period will last
approximately 4 weeks, determined by the academic calendar and assessment windows.
Total study duration is estimated at approximately 12 weeks.

3.5 Overall schedule

The full schedule is provided in Appendix VIII; a brief summary is as follows:

e Week 0: Baseline (Evaluation 0) and initial supervised session
e Weeks 1-4: Period 1 (intervention)

e Week 5: Evaluation 1

e Week 6: Separation interval (washout)

e Weeks 7-10: Period 2 (intervention)

e Week 11: Evaluation 2

4. Setting, participants, and recruitment

4.1 Setting

The study will be conducted within the “Juegos Motores” (Motor Games) course of the
Bachelor’s degree in Physical Activity and Sport Sciences at the University of Granada
during the 2025-2026 academic year. Scheduled practical sessions in the course will
serve as the naturalistic setting for implementing the two juggling training modalities (A
and B), while maintaining the usual teaching dynamics (Rogers et al., 2012) (Rogers et
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al., 2012). Both classes and assessments will take place at the “Tofio Santos” Sports Hall
of the Faculty of Sport Sciences.

4.2 Sample size

The study aims to include a pragmatic sample of approximately 200 students enrolled in
the 2025-2026 academic year. Detailed justification of the sample size, including power
calculations and minimum detectable difference (MDD) based on Monte Carlo
simulations (Martens et al., 2000), is provided in Section 15.

4.3 Inclusion criteria

Students will be eligible if they meet all of the following criteria:

e Enrolled in the Motor Games course.
e Aged >18 years and able to understand and provide informed consent.
e Provide explicit agreement to participate in the study assessments.

4.4 Exclusion criteria

Participants will be excluded if any of the following apply:

e Injury or medical condition that prevents safe participation in juggling, based on
self-report prior to baseline assessment.

e Uncorrected or insufficiently corrected visual impairment that prevents seeing and
tracking the balls during practice and assessments.

e Previous experience or high-level juggling proficiency (Geller et al., 2023)(e.g.,
students who self-identify as being in the improvement or expert stages, or those
able to do a 3-ball cascade for >20 catches at baseline), to avoid ceiling effects.

4.5 Recruitment and Consent Procedure

The recruitment process will be integrated into the natural flow of the academic course to
ensure high reach while maintaining the voluntary nature of the study. The ethical
framework governing this process is detailed in Section 16.

Recruitment and Enrollment Potential participants will be recruited through an in-class
presentation during the first week of the semester. During this session, the research team
will explain the study’s objectives and the crossover design. Students will receive a digital
Information Sheet via the institutional Virtual Campus. Informed consent will be obtained
electronically via Google Forms prior to any research-specific data collection (e.g., initial
questionnaires or cognitive batteries).

Distinction Between Academic and Research Activities A clear distinction will be
maintained between mandatory academic requirements and voluntary research
participation:
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Academic requirement: All students enrolled in the course must record their juggling
performance as part of their standard continuous evaluation and grading process (Yoo
et al., 2009).

Research participation: Participation refers exclusively to authorizing the research team
to use the derived data (performance scores, questionnaires, and video analysis) for
scientific purposes.

The decision to participate or withdraw consent will have no impact on academic grading,
teaching activities, or the provision of ECTS credits. No financial compensation will be
provided.

Specific Consent for Video Data Given the sensitive nature of video recordings, the
digital consent form will include a granular "opt-in" system. Participants can choose to
authorize the use of their footage for: (i) internal research analysis only, (ii) educational
purposes in classroom settings, or (iii) scientific dissemination in conferences or
publications. Consent for any level may be revoked at any time, leading to the immediate
deletion of the participant's data from the research database.

5. Randomization and allocation

5.1 Unit of randomization

The unit of randomization is the class group (cluster).

5.2 Generation of the random allocation sequence

Allocation of the six class groups to the two sequences (A—B and B—A) will be
performed using a two-stage physical randomization procedure conducted by an
individual external to both the research team and performance scoring (Pandis, 2011):
Prof. Belén Feriche Fernadndez-Castanys (Dean of the Faculty of Sport Sciences,
University of Granada).

First, a standard six-sided die will be rolled to determine which sequence will be assigned
to the first three selected clusters. If the result is odd, the first three selected clusters will
be assigned to sequence A—B; if the result is even, the first three selected clusters will
be assigned to sequence B—A. The remaining three clusters will be automatically
assigned to the alternate sequence, ensuring 1:1 allocation by clusters (3 vs 3) (Campbell
et al., 2012).

Next, each class group will be pre-coded with a numerical identifier from 1 to 6 (C1-C6).
The die will then be rolled repeatedly to select, without replacement, three distinct cluster
codes. If a previously selected number occurs, the roll will be repeated until an unselected
code is obtained. The three selected clusters will be assigned to the sequence determined
in the first stage (A—B or B—A), and the remaining three clusters will be assigned to the
other sequence.
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The entire procedure will be video-recorded and documented in a randomization log
(date, location, responsible person, decision rules, and final allocation).

Restriction to avoid marked imbalance between sequences. Because cluster sizes may
differ, a re-randomization rule will be applied to avoid marked imbalance in the total
number of students across sequences, using the number of eligible students per class
group available at the time of randomization. Marked imbalance will be defined as a ratio
>1.5 between the estimated total sample sizes of the two sequences (i.e., a difference
>50%). If this condition is met, the allocation will be discarded and the entire
randomization procedure repeated until an allocation meeting the criterion is obtained
(Morgan & Rubin, 2012).

5.3 Allocation concealment, custody, and implementation

To minimize bias during initial assesment (McCoy, 2017), the sequence allocation will
not be generated or disclosed until completion of the baseline assessment. The
randomization video and log will be archived in the study custody folder. The final
allocation table (class group — sequence) will be held by JF-O and will not be disclosed
to other personnel involved in baseline assessments until baseline data collection is
completed, thereby keeping the team blinded to each class group’s sequence during that
period.

Allocation will be communicated to each class group after baseline, during the first
subsequent class session, together with the schedule and materials for Period 1. Students
will be asked not to share operational information about their assigned modality with
students from other class groups to reduce between-cluster contamination (Keogh-Brown
et al.,, 2007). Due to the nature of the intervention, students cannot be blinded to the
training modality. However, performance scoring from video will remain blinded to the
assigned sequence through file coding (anonymized ID and coded assessment timepoint
only) and recording of scoring in an independent file by the assessor, which will later be
merged into the research database by JF-O.

6. Interventions

6.1 Common components (both interventions)

The program comprises two 4-week intervention periods (Period 1 and Period 2)
separated by a 1-week separation interval, in accordance with the cross-over design
described above. In each period, participants are prescribed five sessions per week, with
a target duration of 20 minutes per session (approximately 20 sessions per period, 40
sessions in total, and 800 minutes of planned practice). Additional juggling practice
beyond that prescribed in the protocol will be explicitly discouraged; if undertaken,
students will be asked to record the time spent (minutes) and the type of activity
performed in order to document potential contamination or additional exposure.

Training will be primarily self-directed and supported by standardized official video
tutorials (Yoo etal., 2009) that progress from lower to higher motor complexity in
structured blocks, and by a per-session log (spreadsheet). In each session, students will
practice the pattern/level corresponding to the active method’s tutorial (A or B, depending
on the period), maintaining continuous practice for the target duration and taking brief
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breaks if needed. The goal is to progress to the next pattern once the pre-specified
progression criterion is met. Within a given session, students may practice up to a
maximum of three different patterns.

Per-session log. At minimum, students will record the date, session duration (minutes),
active method (A or B according to the period), pattern(s)/level(s) practiced, and brief
notes (optional; e.g., incidents or discomfort). A session will be considered valid when
the student practices juggling for 20 minutes and records the session with the minimum
required information. If no record exists for a planned session, that session will be treated
as not completed for adherence calculations (Toval et al., 2024).

Materials and setting (common). Three frontennis balls (standard course equipment)
will be used. Training may be conducted wherever the student prefers (e.g., home or
university facilities), provided that a safe environment with sufficient space is ensured.
For bouncing-based practice, a firm, stable, and uniform surface is recommended; for
throwing-based practice, an obstacle-free area with sufficient vertical clearance is
recommended.

Self-selected warm-up is proposed for the sessions given the technical-motor nature of
the activity and the fixed 20-minute duration, following the guidance provided in the
video tutorials.

Progression criterion. Students will advance to the next pattern when they achieve 20
consecutive successful catches in the current pattern (applicable to one-hand and two-
hand patterns). A “successful catch” is defined as catching/receiving the ball with
sufficient control to continue the pattern without a drop or interruption, consistent with

the functional definition demonstrated in the course video tutorials (Iwatsuki & Regis,
2021).

Video tutorials will be provided through the official course repository (see Appendix II).

6.2 Specific Training Modalities (Methods A and B)

Both interventions are identical in volume and progression structure, differing only in the
task constraints. Intervention A (Throwing-based) utilizes traditional air-toss patterns,
while Intervention B (Bouncing-based) utilizes floor-rebound patterns. Both methods
follow the block-structured progression defined in the official tutorials.

6.3 Materials delivery and access

Video tutorials and materials will be distributed through the official course website.
Given the cross-over design, each class group will follow the active method according to
its assigned sequence (A—B or B—A) in each period. To reduce between-cluster
contamination, reminders and organized access to the materials corresponding to the
active method will be provided during each period, and students will be explicitly asked
not to share materials across class groups while the study is ongoing.
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6.4 Initial supervised session

A supervised introductory session will be held in Week 0 (60 minutes), delivered by JF-
O and AF-R, to standardize: (i) how to use the video tutorials, (i) how to structure the
self-directed practice sessions, and (iii) how to record per-session adherence.

6.5 Discontinuation or modification of the intervention

Participants will be instructed to stop practicing and not continue the session if they
experience pain, dizziness, significant discomfort, or any incident (e.g., upper-limb
injury) (Common Terminology Criteria for Adverse Events, 2026). They will be asked to
record the event in the session log and notify the responsible teaching staff. Incident
management will follow the Faculty of Sport Sciences accident protocol (see Section 14).

7. Measures and Procedures

7.1 Assessment Time Points

Assessments will be conducted at three time points:

o Baseline (pre—Period 1): week of March 2, 2026 (Monday—Thursday sessions).
e Evaluation 1 (post—Period 1): April 8-14, 2026.
o Evaluation 2 (post—Period 2): May 20-26, 2026.

At all three time points, the same juggling assessment battery and identical operational
procedures will be applied.

7.2 Juggling Assessment

7.2.1 Structure of the Assessment Battery

Juggling performance will be assessed using a comprehensive battery of tasks organized
by support surface (feet on the floor vs. feet on a BOSU balance trainer) (Laudner &
Koschnitzky, 2010; Moreno et al., 2023) and execution type (air throws vs. ground
bounces) (Malik et al., 2022). To minimize systematic fatigue effects, the order of blocks
(Floor vs. BOSU) will be counterbalanced across participants.

Assesment Battery
First, seven air-throw tasks will be evaluated:

One ball, right hand.

One ball, left hand.

Two balls in simultaneous columns (one ball per hand).

Two balls with alternating throws, switching hands.

Two-ball cycle with the right hand (inside-to-outside direction).
Two-ball cycle with the left hand (inside-to-outside direction).
Three-ball task using both hands.

NoUnAEWPD =
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Next, seven bounce tasks will be assessed under the same surface condition:

One ball, right-hand bounce.

One ball, left-hand bounce.

Two balls bouncing in simultaneous columns (one ball per hand).
Two balls with alternating bounce, switching hands.

Two-ball cycle with the right hand (outside-to-inside direction).
Two-ball cycle with the left hand (outside-to-inside direction).
Three-ball bounce task.

NoUnhA PN —

In addition to these “basic” blocks, six training-specific progression patterns will be
assessed: Rebound Active (RA), Rebound Passive (RB), Rebound Imperative (RC),
Standard Cascade (4), Cascade with Cycle (C), and Successive Columns (CH).

The same battery will be evaluated in stable (floor) and unstable (Bosu). In all tasks, the
number of successful catches will be recorded (Moreau & Wiebels, 2021), applying the
same attempt structure and stopping criteria described in Sections 7.2.3 and 7.2.4. For the
cascade-with-cycle pattern, the default cycle direction will be inside-to-outside.

7.2.2 Operational Procedure

Multiple participants may be assessed simultaneously in separate spaces. An external
assistant will follow a checklist and indicate task order to prevent omissions.

All performances will be video-recorded as part of standard grading procedures. For
research purposes, only derived variables (catch counts) from participants who have
provided informed consent will be extracted and analyzed.

For scoring quality control, intra-rater reliability will be evaluated in a random 10%
subsample of videos, which will be rescored to detect systematic errors and document
scoring consistency. Any relevant discrepancies will be resolved through video review
and application of the standardized scoring manual.

7.2.3 Attempts and Warm-up

Participants will be allowed two attempts per task. Free warm-up will be permitted prior
to the start of the evaluation.

7.2.4 Task Stopping Criteria

e One-hand tasks: maximum of 30 successful catches per attempt.
o Two-hand tasks: maximum of 60 successful catches per attempt.

Stopping criteria (30 one-hand catches; 60 two-hand catches) were chosen to prevent
excessive fatigue while still capturing high-level proficiency. Based on expert-juggler
work defining juggling proficiency as maintaining the pattern for ~20 s (Gerber et al.,
2014), we used catch-count thresholds to facilitate scoring, with 30 successful catches
serving as an approximate proxy for ~15 s. An attempt will terminate either upon reaching
the maximum number of catches or upon a failed attempt (loss of ball control preventing
a successful catch). No pauses are permitted within an attempt. After a failed attempt, the
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participant will immediately prepare for the second attempt. The total duration of the
assessment session is estimated at 45 minutes, including mandatory 1-minute rest
intervals between blocks to ensure recovery.

Task scoring: the best of the two attempts (highest number of valid catches) will be
retained.

7.3 Demographic Covariates

The following variables will be collected:

e Age (years): calculated from recorded date of birth.

e Sex at birth: categorized as Male or Female.

o Height: in meters.

e Weight: in kilograms.

o Laterality: categorized as left or right.

o Juggling previous experience: Self-reported perceived skill level, 1-5 Likert
scale, where 1 = total beginner and 5 = expert.

7.4 Questionnaires

Questionnaires will be administered at Baseline, Evaluation 1, and Evaluation 2 in
Spanish via Google Forms. Participants will respond based on their experience during
that specific session.

7.4.1 Positive and Negative Affect Schedule (PANAS)

The PANAS consists of 20 items with five response options (Never to Always) (Sandin
etal., 1999).

7.4.2 Brief Inventory of Optimal Experiences (Flow)

Flow experience during the juggling activity will be assessed using the Brief Inventory
of Optimal Experiences (Flow) (Calero & Injoque-Ricle, 2013), with a 5-point Likert
scale.

7.5 Handgrip Strength

Handgrip strength will be assessed using digital dynamometry (TKK 5101 Grip D,
Takey, Tokyo Japan).

The test will be performed in standing position, with the arm alongside the body and the
dynamometer held unsupported, avoiding contact between the arm or device and the trunk
or thigh during maximal effort.

Grip span will be standardized at 5.5 cm for males and 4.5 cm for females (sex at birth)
and kept constant across measurements.



14/49

Each participant will perform two maximal attempts per hand, alternating hands. The
value in kilograms (kg) will be recorded for each attempt. The primary variable will be
the highest value obtained (best of two attempts) for each hand.

Assessment time points: Baseline and Evaluation 2.

7.6 Cognition

A brief computerized cognitive battery will be administered, comprising three tasks
targeting domains plausibly involved in juggling learning:

1. Attentional/Inhibitory control: Go/No-Go Task.
2. Visuospatial memory: Matrix Rotation Task.
3. Working memory: Corsi Block-Tapping Test.

Tasks will be administered via the PEBL platform in a classroom setting (Piper et al.,
2015), with each participant using their own laptop. The research team will coordinate
synchronized start and end times. Participants will be instructed to complete tasks in full-
screen mode and minimize interruptions. The use of personal headphones is
recommended to provide acoustic isolation and minimize auditory distractions. However,
listening to music or any other audio content is strictly prohibited to ensure that cognitive
resources are fully directed toward the tasks. Any violation of this rule will result in the
invalidation of that specific assessment session.

Standardized order and approximate duration (25 minutes total):

1. Go/No-Go (7 minutes).
2. Matrix Rotation (10 minutes).
3. Corsi forward (8 minutes).

Recorded outcomes:
e Go/No-Go: commission errors (primary), omission errors, and reaction time in
correct Go trials (recommended metric: median).
e Matrix Rotation: accuracy (% correct) and reaction time in correct trials
(median).

e Corsi forward: maximum span and total score (standard task output).

Assessment time points: Baseline and Evaluation 2.

8. Definition of Outcome Variables

8.1 Task-Level Variables and normalized scores

For each task included in the juggling battery, the number of successful catches from the
best of two attempts will be recorded. Higher catches indicate superior performance.

e One-hand tasks: range 0-30 successful catches per attempt.
o Two-hand tasks: range 0—60 successful catches per attempt.
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To enable comparability across tasks with different maximum values, each task will be
converted to a common 0—30-point scale:

e One-hand tasks (maximum 30 catches): Normalized score = number of
successful catches in the best attempt (0-30).
e Two-hand tasks (maximum 60 catches): Normalized score = catches / 2 (0-30).

8.2 Primary Outcome: Global Composite Score

Three composite scores will be defined based on the normalized task-level scores (0—30
points; see Section 8.2).

Within each support surface condition, the same tasks will be included: 14 “basic” tasks
(7 air-throw and 7 ground-bounce tasks), plus 6 training progression patterns (RA, RB,
RC, A standard cascade, C cascade with cycle, and CH successive columns), resulting in
a total of 20 tasks per surface. Accordingly:

o Stable score (feet on the floor): sum of the 20 normalized task scores performed
on the floor (theoretical range: 0—600 points).

e Unstable score (feet on BOSU): sum of the same 20 normalized task scores
performed on the BOSU (theoretical range: 0—600 points).

The primary study outcome will be the Global score, defined as the sum of Stable score
and Unstable score (40 tasks in total; theoretical range: 0-1200 points). Task
composition will be identical at Baseline, Evaluation 1, and Evaluation 2.

If a participant fails to complete a specific task due to absence or technical error, a second
assessment opportunity will be scheduled within the same evaluation window. If the task
remains uncompleted after this second attempt, a score of 0 will be assigned for that task
to maintain a conservative estimate of performance gains.

Missing Data Policy: If a task remains uncompleted after a second opportunity, a score
of 0 will be assigned.

8.3 Secondary and Exploratory Non-Motor Variables
8.3.1 PANAS

Positive Affect (PA) and Negative Affect (NA) will be calculated as the mean of their
items (range 1-5). For PA, higher scores indicate greater positive affect. For NA, higher
scores reflect greater negative affect (disaffection/rejection), while lower scores are
considered more favorable (Sandin et al., 1999). The derived variables will be two, one
for PA and other one for NA, they Will be calculated of the mean of their ten items.

Missing items: Scores will be computed if no more than one item is missing per subscale,
using mean imputation.
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8.3.2 Flow (Brief Inventory of Optimal Experiences)

Flow will be quantified as the mean of its nine items (range 1-5). Higher scores indicate
a greater flow state (Calero & Injoque-Ricle, 2013).

The primary derived variable will be the total score, calculated as the mean of the nine
items (range 1-5). Scores will be computed if no more than one item is missing, using
mean imputation.

8.3.3 Cognition (Baseline and Evaluation 2)

Outcomes include:

e Attentional control (Go/No-Go): Commission errors (primary), omission errors,
and median reaction time (RT). Lower values in errors and RT indicate better
performance.

o Visuospatial memory (Matrix Rotation): Accuracy (% correct; higher is better)
and median RT (lower is better).

e  Working memory (Corsi forward): Maximum span and total score (higher is
better).

8.3.4 Handgrip Strength (Baseline and Evaluation 2)

o Handgrip strength (kg): defined as the highest value obtained from two maximal
attempts per hand. Higher values indicate greater isometric strength.

9. Covariates and Complementary Measures for the Analysis

To adjust for individual differences and potential confounding factors, the following
variables will be included in the analytical models:

Demographic covariates: age and sex at birth (as defined in the data collection
section).

Baseline physical and cognitive status: Handgrip strength and cognitive battery
performance (Go/No-Go, Matrix Rotation, and Corsi span).

Questionnaires: PANAS (Positive and Negative Affect) and Flow scores (Brief
Inventory of Optimal Experiences) collected at all three time points.

The available sample size for each measure and analysis will be explicitly reported. The
inclusion of these variables as covariates aims to increase the precision of the method
effect estimate and to explore potential interactions between learner profiles and training
outcomes.
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10. Attendance, Compliance, and Adherence

10.1 Recording Procedures

Attendance and compliance will be monitored using an online spreadsheet (Appendix
IT), in which the following will be recorded for each session: date, minutes of practice,
and tasks/patterns performed (with optional brief comments).

The unit of recording will be the planned session (5 sessions per week; 20-25 sessions per
period). Metrics will be reported per period and globally, and will be descriptively
compared between sequences.

10.2 Operational Definitions

Attendance: A session is "attended" if date and minutes are recorded, regardless of
duration.

Compliance: An attended session is "compliant" when the recorded duration is >20
minutes.

Adherence: The primary metric of program exposure, calculated as the percentage of
planned sessions (out of total per period) that are both attended and compliant.

10.3 Per-Protocol (PP) Definition

The primary analysis will follow an intention-to-treat (ITT) principle, including all
participants regardless of their level of engagement (McCoy, 2017). To complement this,
a per-protocol (PP) analysis will be conducted to estimate the effect under optimal
conditions (De Souza et al., 2016).

The PP population is defined as participants who achieve an adherence rate of at least
60% (=12 compliant sessions) in each period. This threshold is established as a dosage
likely to induce stable changes in bimanual coordination for complex motor skills
(Sampaio-Baptista et al., 2015).

11. Blinding and Contamination Control

11.1 Blinding

Juggling performance scoring will be conducted by AF-R based on video recordings,
using only an anonymized study identifier. AF-R will not have access to the main research
dataset.

Videos will be exported and stored in a restricted-access working folder. A “blinded”
copy will be generated for scoring purposes and renamed using a standardized scheme
that includes only the study ID and assessment time point, without reference to class
group, sequence, or period. Preparation and renaming of files for scoring will be
performed by JF-O prior to sharing them with AF-R. In the event of accidental
unblinding, the file will be re-coded and the incident will be documented.
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To minimize bias, videos will follow a neutral labeling scheme (anonymized ID and
coded assessment time point only), avoiding any indication of group or sequence in file
names. AF-R will record scores in an independent Excel file. Subsequently, JF-O will
integrate these scores into the main dataset using the anonymized study ID.

Given that the nature of the intervention does not allow blinding of students, teaching
staff of the course (except JF-O) will remain blinded to the sequence assigned to each
class group whenever feasible.

11.2 Contamination

Contamination between class groups will be minimized through:

e Separate distribution of materials by class group and period.
e Explicit instructions not to share training content or guidelines across groups.
e Reminders during intervention periods.

Any juggling practice beyond the prescribed intervention will be discouraged.
Participants will be explicitly requested to refrain from teaching techniques to peers in
different class groups until the completion of the trial. Such additional practice will be
recorded (minutes and type of practice) to document extra exposure and, if appropriate,
to consider it in sensitivity analyses.

12. Data Management, Roles, and Security

12.1 Identification and Anonymization

To ensure maximum participant privacy while maintaining academic functionality, a
dual-layer anonymization system will be used:

Anonymized Study ID: A structured alphanumeric code (e.g., GR_6123) based on group
enrollment order.

Unique Avatar: A secondary pseudonym consisting of a standardized combination of a
playing card and a predefined object (e.g., "Q-Diamond-Fire"). This system generates
240 unique combinations, allowing students to identify their records in public logs
without revealing personal identity

12.2 Storage and Access
Data will be stored on an institutional cloud platform compliant with the General Data
Protection Regulation (GDPR) and national legislation (LOPDGDD).

1) Folder A (Master Key): Restricted to JF-O.
1) Folder B (Anonymized Dataset): Restricted to JF-O.
1i1) Folder C (Videos/Scoring): Access granted to AF-R and JF-O.

12.3 Roles

e Generation and custody of study IDs and master key: JF-O.
o Management of research dataset and file integration: JF-O.
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e Video recording and logistical coordination of assessments: AF-R.
e Scoring of juggling performance (video-based): AF-R.

12.4 Video Management and Dissemination

Juggling assessment performances will be recorded by AF-R with specific informed
consent for recording and dissemination. Video recording forms part of the standard
academic evaluation procedure.

For research purposes, only derived data from videos of participants who have provided
research consent will be extracted and analyzed.

In all cases, videos will not include names, surnames, study IDs, avatars, or any other
personal identifiers in the video content, file name, description, or associated metadata.

13. Statistical Analysis Plan

13.1 General Principles

All analyses will be conducted using R (version 4.5.3 or higher). The core modeling will
be performed using the LMMstar package for linear mixed models, with emmeans for the
extraction of marginal means and post-hoc comparisons. Mediation analyses will be
executed via the bruceR::PROCESS wrapper. Data manipulation and visualization will
rely on the tidyverse, ggtext, and sjPlot ecosystems. Statistical significance is set at o =
0.05.

The primary analysis will follow an intention-to-treat (ITT) approach, maintaining
participants in the sequence assigned to their class group and using all available data.
Because randomization is performed at the class-group level, all models will account for
the hierarchical structure (students nested within 6 class groups). Given the small number
of clusters, inference methods with small-sample corrections will be applied, and findings
will be accompanied by sensitivity analyses.

13.2 Population and Data Pre-processing

Analysis Populations: The primary analysis will follow an Intention-to-Treat (ITT)
approach. All participants will be analyzed according to their original cluster-randomized
sequence, regardless of adherence, using all available data points.

Standardization: To allow comparison across heterogeneous motor and cognitive scales,
variables will be Z-standardized using the mean and standard deviation of the Baseline
(Pre) assessment as the reference distribution. This ensures that observed changes are
interpreted in units of baseline variation.

Subgroup Categorization: For exploratory moderator analysis, participants will be
stratified into "high" vs. "low" initial performers using a median-split based on baseline
performance.
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13.3 Primary Outcome Analysis

Due to the inherent nature of motor learning, carryover effects are expected. Therefore,
the unbiased efficacy of the training methods (Air vs. Floor) will be estimated using
Period 1 data. Given the hierarchical structure with a small number of clusters (k=6), we
will implement a two-stage covariate-adjusted cluster-level analysis to prevent Type I
error inflation (Wellek & Blettner, 2012), where prior exposure to the alternative method
cannot occur.

e Stage 1 (Individual level): A linear regression will model the Evaluation 1 Global
Composite Score (GCS) adjusted for the Baseline GCS.

e Stage 2 (Cluster level): The resulting residuals will be averaged by cluster. These
cluster-mean residuals will be compared between methods (A vs. B) using an
independent t-test with 4 degrees of freedom (k - 2).

o Effect Size: Results will be reported as mean differences in GCS points with 95%
Confidence Intervals (CI).

13.4 Secondary Analysis: Crossover Dynamics and Transfer

To explore the full crossover design, a longitudinal LMM will be fitted including both
periods. Model Structure: Fixed effects will include Method (A vs. B), Period (1 vs. 2),
and Sequence (A—B vs. B—A). A random intercept for participants will account for
within-subject correlation. Period 2 Decomposition: Period 2 performance will be
analyzed through two lenses: i) Total Learning: Adjusted for Baseline, representing the
cumulative effect of both methods. ii) Period Gain: Adjusted for Evaluation 1 (Pre-Period
2), quantifying the specific gain in the second block and identifying potential asymmetric
transfer or contextual interference.

13.5 Mediation and Mechanistic Models

To investigate why a method might be superior, mediation models (5,000 bootstrap
iterations) will be constructed:

Path A: Effect of Training Method on the change in mediators (e.g., Flow State,
Attentional Control).

Path B: Association between mediator change and post-intervention juggling
performance, adjusting for baseline.

Indirect Effect: Estimation of the proportion of the training effect explained by psycho-
cognitive shifts.

13.6 Baseline Profiling and Predictive Models

Cross-sectional associations at baseline will characterize the "juggling-ready" profile:

Standardized Predictors: Multiple regressions will use standardized Betas to compare
the relative weight of physical (Handgrip) vs. cognitive variables.
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Model Comparison: We will contrast a "Physical Dimension" model against a "Psycho-
cognitive Dimension" model using R? to determine which domain better explains baseline
motor skill.

13.7 Missing Data and Sensitivity Analyses

Missing Data: Longitudinal models will utilize Full Information Maximum Likelihood
(FIML), allowing participants with missing observations to contribute to the estimation
without bias, assuming data are Missing at Random (MAR).

Sensitivity Analyses: To ensure the stability of the findings, we will perform:
Per-Protocol Analysis: Excluding participants with <60% attendance.
Outlier Impact: Excluding "expert" outliers (Baseline GCS > 20).

Inference Validation: Comparing the two-stage cluster analysis against Cluster-Robust
Standard Errors (CRSE) with small-sample corrections.

14. Adverse Events

In accordance with safety standards for exercise interventions, any incident, accident, or
discomfort occurring during study activities will be managed under the official Accident
Response Protocol of the Faculty of Sport Sciences. An adverse event (AE) is defined as
any undesirable occurrence, including pain, injury, dizziness, falls, or significant
discomfort, requiring the cessation of activity (based on Common Terminology Criteria
for Adverse Events). Given the postural demands of the intervention, specific monitoring
will be applied to tasks involving unstable surfaces (BOSU). AEs will be recorded by the
research team (evaluations) or through participant self-reports (training sessions). For
each event, the log will document: (i) date/time, (ii) description and severity, (iii)
assistance required, (iv) relationship to the study, and (v) resolution status. Safety
stopping criteria: practice will be immediately discontinued if a participant reports acute
pain, dizziness, blurred vision, or marked instability. All AEs will be reported in
aggregate form in the final manuscript.

15. Sample Size and Justification

The planned sample consists of the full cohort of students enrolled in the 2025-2026
academic year (~200 students in 6 class groups). While this is a pragmatic study, the
sample size was validated using Monte Carlo simulation based on a Minimum Detectable
Difference (MDD) framework. Under conservative assumptions (6 clusters, I[CC = 0.03,
baseline-post correlation r = 0.50, and an assumed SD of 20 points for the 6-task
composite), a sample of ~200 participants provides ~80% power to detect method
differences of 1011 points. To detect a minimally relevant difference of 12 points
(representing ~2 points per task), the required sample is 155 participants with complete
data. Accounting for a predicted 5% dropout rate, a minimum recruitment of 163 students
is targeted. This calculation ensures that the study is sufficiently powered to address the
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primary objective during Period 1, even before accounting for the additional statistical
power gained from the repeated-measures structure of the full crossover design.

16. Ethical Considerations

This study will be conducted in accordance with the Declaration of Helsinki and was
approved by the Ethics Committee on Research of the University of Granada (Ref:
5654/CEIH/2026). Participation is entirely voluntary, and all students must provide
electronic informed consent via Google Forms prior to any research-related data
collection. Participants are informed of their right to withdraw from the study at any time
without any academic or personal penalty. Data will be processed in a pseudonymized
form to ensure confidentiality, in compliance with the General Data Protection Regulation
(GDPR) and national legislation (LOPDGDD). The research team ensures a clear
distinction between mandatory academic activities (video recording for grading) and
voluntary research participation (use of data for scientific purposes), ensuring that the
decision to participate has no impact on academic standing or grading.

17. Dissemination and Publication Plan

Results will be disseminated through conference presentations and publications in peer-
reviewed scientific journals. In all cases, results will be presented in aggregate, non-
identifiable form.

After study completion and/or primary publication, participants will be offered a
summary of results in non-technical language through the usual course communication
channels, without inclusion of individual-level data.

17.1 Authorship Criteria and Contributions (ICMJE)

Authorship of publications arising from this project will follow the criteria of the
International Committee of Medical Journal Editors (ICMJE).

Individuals will qualify as authors only if they meet all criteria:

o Substantial contribution to study design or to data acquisition, analysis, or
interpretation;

e Drafting the manuscript or critically revising it with important intellectual
contributions;

e Approval of the final version;

e Agreement to be accountable for the integrity and accuracy of the work.

Contributions will be documented prospectively during the project, including, when
useful, description using the CRediT taxonomy, to facilitate transparent decisions
regarding authorship and order.

Individuals providing partial contributions (e.g., logistical or teaching support) will be
acknowledged unless they meet ICMIJE criteria. Disagreements regarding authorship or
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order will be resolved through documented discussion within the research team and, if
unresolved, escalated to project coordination for a final decision based on the stated
criteria.

18. Data Sharing Plan

The R analysis code and variable dictionary will be shared upon project completion via
an institutional repository (e.g., Digibug) or equivalent version-controlled platform.

Following primary publication, pseudonymized individual-level data will be available
upon reasonable request for research purposes. Shared materials will include the final
dataset required to reproduce the analyses, the variable dictionary, and the analysis code.

The identity—ID correspondence table and any material allowing re-identification will not
be shared. Data access will require a signed data use agreement prohibiting re-
identification, limiting use to scientific purposes, and requiring appropriate citation of the
study and repository.

In all cases, only aggregated and non-identifiable results will be publicly disseminated.

19. Discussion

This protocol describes a pragmatic, education-based trial that compares two juggling
practice methods (air throws vs. ground bounces) and, secondarily, examines whether the
order of exposure (A—B vs. B—A) shapes the trajectory of performance across repeated
evaluations. The rationale is grounded in motor-learning evidence showing that practice
schedule and practice order (e.g., blocked vs. random, and how interference is
manipulated across sessions) can influence skill retention and transfer, with contextual
interference as a central explanatory mechanism (Buszard et al., 2017; Czyz, Wojcik, &
Solarska, 2024; Porter & Magill, 2010).

Juggling is a suitable model because complex coordinative skills often show
heterogeneous and non-linear learning patterns. The use of a high-frequency longitudinal
design (Baseline, Evaluation 1, Evaluation 2) allows us to capture these trajectories,
moving beyond traditional pre-post snapshots that often miss the critical convergence or
divergence points of different instructional methods (Geller et al., 2023). Furthermore,
our composite score, spanning stable and unstable conditions, operationalizes a practical
form of transfer by probing performance under altered postural constraints (Laudner &
Koschnitzky, 2010).

A central methodological issue is carryover. Unlike pharmacological trials, motor-
learning gains persist; therefore, the one-week interval is a scheduling separator rather
than a mechanism to eliminate prior learning. While a one-week washout is insufficient
to forget the skill, it serves to dissipate transient fatigue and resets the cognitive set for
the new block of instructions. Accordingly, the primary estimand of the between-method
effect is anchored to Period 1, while Period 2 is interpreted to characterize order-related
phenomena, facilitation, or interference between methods (Wellek & Blettner, 2012).
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Beyond motor performance, the inclusion of affect and flow scales (PANAS and Flow
State Scale) helps contextualize intraindividual fluctuations and interindividual
differences. Conceptually, flow reflects an adaptive coupling between challenge and skill;
deviations in flow may help interpret departures from expected learning curves under
different instructional constraints (Harris et al., 2023). Cognitive and strength measures
remain exploratory, aimed at characterizing predictors of overall improvement rather than
attributing changes specifically to one method (Voelcker-Rehage et al., 2011).

Key strengths include high ecological validity, standardized instructional content, and
blinded video-based scoring. Acknowledging the pragmatic nature of the trial,
participants cannot be blinded to the training modality. However, the risk of cross-group
contamination is mitigated by the cluster-based allocation and the use of separate practice
logs. These constraints justify our conservative interpretation focused on effect estimation
and sensitivity analyses (De Souza et al., 2016; Huang et al., 2016).

Educational Implications

If meaningful differences between methods or exposure order are observed, findings
could inform how juggling progressions are sequenced in physical education professional
training, including whether early emphasis on a given constraint set yields more robust
performance across contexts. Reporting should emphasize transparent intervention
description to support replication and curriculum translation.

Future Research

Future work should include a delayed retention test beyond course completion to better
separate transient performance gains from learning stability and to strengthen claims
about transfer. Replication in other educational levels and age ranges is also warranted
given evidence that learning responses to practice organization can depend on learner
characteristics. Methodologically, increasing the number of clusters or adopting designs
and inferential approaches optimized for educational cluster trials would improve
robustness. Finally, studies could incorporate more comprehensive cognitive batteries
and, where feasible, neurobiological measures with adequate sample sizes and rigorous
controls.
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Section/topic | N° SPIRIT 2025 checklist item Addressed on section
description or page
Administrative information
Title and la | Title stating the trial design, | Page 1
structured population, and interventions, with
summary identification as a protocol
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and methods, including items from
the World Health Organization
Trial Registration Data Set
Protocol 2 Date and version identifier April 17 2026
version V1.0
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management team, and other
individuals or groups overseeing

the trial, if applicable

12.2
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Trial 4 Name of trial registry, identifying | Clinicaltrials.gov:
registration number (with URL), and date of | Identifier:
registration. If not yet registered, | NCT07528924
name of intended registry
Protocol and 5 Where the trial protocol and [ Section 18
statistical statistical analysis plan can be
analysis plan accessed
Data sharing 6 | Where and how the individual de- | Section 18
identified participant data
(including data  dictionary),
statistical code, and any other
materials will be accessible
Funding and 7a | Sources of funding and other | Section 20 (Funding)
conflicts of support (eg, supply of drugs)
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7b | Financial and other conflicts of | Section 21 (Conflicts of
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and steering committee members
Dissemination |8 Plans to communicate trial results | Section 17
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professionals, the public, and other
relevant groups (eg, reporting in
trial registry, plain language
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Introduction
Background 9a | Scientific background and | Section 1. pages 3 and

and rationale

rationale, including summary of
relevant studies (published and
unpublished) examining benefits
and harms for each intervention
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comparator
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Methods: Patient and public involvement, trial design
Patient and 11 [ Details of, or plans for, patient or | Section 4.1 (Teaching
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involvement conduct, and reporting of the trial
Trial design 12 | Description of trial  design | Section 3
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exploratory)

non-inferiority,

Methods: Participants, interventions, and outcomes
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Intervention 15a | Intervention and comparator with | Section 6 and Appendix
and sufficient  details to  allow | II
comparator replication including how, when,

and by whom they will be
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administered. If relevant, where
additional materials describing the
intervention and comparator (eg,
intervention manual) can be

accessed

15b
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modifying allocated
intervention/comparator for a trial
participant (eg, drug dose change in
response to harms, participant
request, or improving/worsening

disease)

Section 6.5 and Section
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Strategies to improve adherence to
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if applicable, and any procedures
for monitoring adherence (eg, drug
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Outcome

16

Primary and secondary outcomes,
including the specific measurement
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time to event), method of
aggregation (eg, median,
proportion), and time point for each

variable  (eg,
analysis

outcome

Sections 7, 8 and 9

Harms
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How harms are defined and will be
assessed (eg, systematically, non-
systematically)

Section 14 (Adverse

Events)

Participant
timeline

18

Time schedule of enrolment,
interventions (including any run-
ins and washouts), assessments,

and visits for participants. A

Section 35 and
Appendix VII
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schematic diagram is highly
recommended

Sample size

19

How sample size was determined,
including all assumptions
supporting the sample size
calculation

Section 15 (Sample Size
Calculation)

Recruitment

20

Strategies for achieving adequate
participant enrolment to reach
target sample size

Section 4.5

Randomisation:

Methods: Assignment of interventions

Sequence
generation

2la

Who will generate the random
allocation sequence and the method
used

Section 5.2

21b

Type of randomisation (simple or
restricted) and details of any
factors for stratification. To reduce
predictability of a random
sequence, other details of any
planned restriction (eg, blocking)
should be provided in a separate
document that is unavailable to
those who enrol participants or
assign interventions

Section 5.2

Allocation
concealment
mechanism

22

Mechanism used to implement the
random allocation sequence (eg,
central computer/telephone;
sequentially numbered, opaque,
sealed containers), describing any
steps to conceal the sequence until
interventions are assigned
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Implementation

23

Whether the personnel who will
enrol and those who will assign
participants to the interventions

Sections 4.5, 5.2-5.3
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will have access to the random
allocation sequence

Blinding

24a

Who will be blinded after
assignment to interventions (eg,
participants,  care  providers,
outcome assessors, data analysts)

Sections 5.3, 11.1 and
12.1

24b

If blinded, how blinding will be
achieved and description of the
similarity of interventions

Not blinded

24c¢

If blinded, circumstances under
which unblinding is permissible,
and procedure for revealing a
participant’s allocated intervention
during the trial

Not applicable (Section
11.1)

Methods: Data collection, management, and analysis

Data collection
methods

25a

Plans for assessment and collection
of trial data, including any related
processes to promote data quality
(eg, duplicate measurements,
training of assessors) and a
description of trial instruments (eg,
questionnaires, laboratory tests)
along with their reliability and
validity, if known. Reference to
where data collection forms can be
accessed, if not in the protocol

Sections 7.2, 7.4-7.6,
11.1, Appendix II-VII

25b

Plans to promote participant
retention and complete follow-up,
including list of any outcome data
to be collected for participants who
discontinue or deviate from
intervention protocols

Section 4.2 and Section
13.7
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Data
management

26

Plans for data entry, coding,
security, and storage, including any
related processes to promote data
quality (eg, double data entry;
range checks for data values).
Reference to where details of data
management procedures can be

accessed, if not in the protocol

Sections 12.1-

12.4, 18

Statistical
methods

27a

Statistical methods used to
compare groups for primary and
secondary outcomes, including

harms

Section 13.

27b

Definition of who will be included
in each analysis (eg, all randomised
participants), and in which group

Section 13.1

27¢

How missing data will be handled
in the analysis

13.7

27d

Methods for any additional
(eg, subgroup

sensitivity analyses)

analyses and

13.7

Methods: Monitoring

Data
monitoring
committee

28a

Composition of data monitoring
committee (DMC); summary of its
reporting  structure;
of whether it s
independent from the sponsor and

role and
statement

funder; conflicts of interest and
reference to where further details
about its charter can be found, if
not in the protocol. Alternatively,
an explanation of why a DMC is
not needed

No independent Data
Monitoring Committee
is required due to the
low-risk nature of the
and its
short duration. Data
monitoring is conducted

intervention

by the research team.
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28b

Explanation of any interim
analyses and stopping guidelines,
including who will have access to
these interim results and make the

final decision to terminate the trial

No independent Data
Monitoring Committee
is required due to the
low-risk nature of the

its
Data
monitoring is conducted

intervention and
short duration.

by the research team.

Trial
monitoring

29

Frequency and procedures for
monitoring trial conduct. If there is

no monitoring, give explanation

Section 14

Ethics

Research ethics
approval

30

Plans for seeking research ethics
committee/institutional review

board approval

Section 16

Protocol
amendments

31

Plans for communicating important
protocol modifications to relevant
parties

Important modifications
will be documented in
the registry
(ClinicalTrials.gov) and
reported to the Ethics
Committee (Section
16).

trial

Consent or
assent

32a

Who will obtain informed consent
or assent from potential trial
participants or authorised proxies,
and how

Sections 4.5 and 16

32b

Additional consent provisions for
collection and use of participant
data and biological specimens in
ancillary studies, if applicable

Sections 12.4 and

Appendix VI

Confidentiality

33

How personal information about
potential and enrolled participants
will be collected, shared, and

12.1-12.2 + 17 + 18.
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maintained in order to protect
confidentiality before, during, and
after the trial

Ancillary and
post-trial care

34

Provisions, if any, for ancillary
and post-trial care, and for
compensation to those who suffer
harm from trial participation

14
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Appendix II. Juggling Training Resources

Intervention A (Air-Throw Juggling)

e Standard cascade:

https://sites.google.com/go.ugr.es/malabares/lanzamiento-progresiones/a-cascada-
normal?authuser=0

e Cascade — cycle progression:
https://sites.google.com/go.ugr.es/malabares/lanzamiento-progresiones/b-cascada-
progresi%C3%B3n-ciclos?authuser=0

e Cascade and 423 cycle:
https://sites.google.com/go.ugr.es/malabares/lanzamiento-progresiones/c-cascada-y-
ciclo-423?authuser=0

e Successive columns:
https://sites.google.com/go.ugr.es/malabares/lanzamiento-progresiones/ch-columnas-
sucesivas?authuser=0

e Columns:
https://sites.google.com/go.ugr.es/malabares/lanzamiento-progresiones/d-
columnas?authuser=0

e Shower or SAR wheel:
https://sites.google.com/go.ugr.es/malabares/lanzamiento-progresiones/e-ducha-o-
rueda-sar?authuser=0

e Shower or SCAR wheel:
https://sites.google.com/go.ugr.es/malabares/lanzamiento-progresiones/f-ducha-o-rueda-
scar?authuser=0

e Over-the-head juggling (3 balls):

https://sites.google.com/go.ugr.es/malabares/lanzamiento-progresiones/g-por-encima-
de-la-cabeza-3b?authuser=0

Intervention B (Ground-Bounce Juggling):

¢ RA progression: Active bounce:

https://sites.google.com/go.ugr.es/malabares/rebote-progresiones/progresi%C3%B3n-
ra-rebote-activo?authuser=0

¢ RB progression: Passive bounce:
https://sites.google.com/go.ugr.es/malabares/rebote-progresiones/progresi%C3%B3n-
rb-rebote-pasivo?authuser=0

e RC progression: Imperative bounce:
https://sites.google.com/go.ugr.es/malabares/rebote-progresiones/progresi%C3%B3n-
rc-rebote-imperativo?authuser=0

¢ RD progression: Active bounce (supination):
https://sites.google.com/go.ugr.es/malabares/rebote-progresiones/progresi%C3%B3n-
rd-rebote-activo-supinaci%C3%B3n?authuser=0

¢ RE progression: Table bounce:
https://sites.google.com/go.ugr.es/malabares/rebote-progresiones/progresion-re-encima-
mesa?authuser=0

¢ RF progression: Wall bounce (3 balls):
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https://sites.google.com/go.ugr.es/malabares/rebote-progresiones/progresi%C3%B3n-rf-
rebote-en-pared-3b?authuser=0

Appendix III. Training Log Sheet

The operational training log will be implemented in Google Sheets. The structure is
illustrated below. Fields marked with “  * correspond to dropdown menus in which
participants must select the practiced pattern.

Dia Fecha
Tiempo Tiempo Tiempo Total
0 lunes, 3marzo 0:00:00 _ 0:00:00 _ 0:00:00 0:00:00
1 martes, 4/marzo ____ 0:00:00 ___ 0:00:00 __ 0:00:00 0:00-00
2 miércoles, Sfmarzo __ 0:00:00 _ 0:00:00 _ 0:00:00 0:00:00
3 jueves, 6/marzo ____ 0:00:00 __ 0:00:00 ____ 0:00:00 0:00-:00
4 viemes, 7/marzo ____ 00000 ___ 00000 ___ 0:00:00 0:00-00
5 sabado, 8/marzo 0:00:00 _ 0:00:00 _ 0:00:00 0:00:00
6 domingo, %marzo 0:00:00 0:00:00 0:00:00 0:00-00
7 lunes, 10/marzo ____ 0:00:00 ____ 0:00:00 ____ 0:00:00 0:00:00
8 martes, 11/marzo 0:00:00 0:00:00 0:00:00 0:00-00
9 miércoles, 12/marzo 0:00:00 0:00:00 0:00:00 0:00-00
10 jueves, 13/marzo ____ 0:00:00 ____ 0:00:00 ____ 0:00:00 0:00:00

Fig. A3. Daily juggling training log template (Google Sheets): date, session duration, and cumulative
training time.

Appendix IV. PANAS Emotion Questionnaire

Table AS. PANAS items (Positive Affect and Negative Affect) administered during the juggling evaluation
(scale 1-5: NEVER-ALWAYY).

N° Item Dimension

1 Interested Positive Affect
2 Distressed Negative Affect
3 Excited Positive Affect
4 Upset Negative Affect
5 Energetic Positive Affect
6 Guilty Negative Affect
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7 Afraid Negative Affect
8 Hostile Negative Affect
9 Enthusiastic Positive Affect
10 Proud Positive Affect
11 Irritable Negative Affect
12 Alert Positive Affect
13 Ashamed Negative Affect
14 Inspired Positive Affect
15 Nervous Negative Affect
16 Determined Positive Affect
17 Attentive Positive Affect
18 Jittery Negative Affect
19 Active Positive Affect
20 Fearful Negative Affect

Appendix V. Flow Questionnaire
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Table A6. Flow questionnaire items (adapted to juggling activity) administered after practice/evaluation
(scale 1-5: STRONGLY DISAGREE-STRONGLY AGREE).

N° tem
1 While juggling, my problems and worries disappear.
2 While juggling, I have a clear sense of how well or poorly I am performing.
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3 While juggling, I act spontaneously and automatically, without having to think
too much.

4 While juggling, I maintain total concentration.

5 While juggling, the way time passes feels different than usual.

6 While juggling, 1 feel sufficiently competent to meet the demands of the
situation.

7 While juggling, the experience is extremely rewarding.

8 While juggling, I feel a complete sense of control.

9 While juggling, I have a clear sense of what I want to do.

10 | While juggling, my thoughts are completely absorbed in the activity.

Appendix VI. Informed Consent for Research Participation

Introductory Text

This form records your decision on whether to authorize the use of data generated within
the Motor Games course (University of Granada) for research purposes, as part of the
TuJugling study (comparison of two juggling learning methods and the effect of learning
order A—B vs. B—A). Participation in research is voluntary and has no academic
consequences. Your decision here refers exclusively to authorizing the use of data for
research purposes.

What does the study involve?

TuJugling is a study conducted within the Motor Games course (UGR) comparing two
juggling practice methods:

o Intervention A: air-throw-based juggling
e Intervention B: ground-bounce-based juggling

The design is a class-group cross-over (A—B or B—A) with assessments at three time
points: baseline, Evaluation 1, and Evaluation 2.

What data would be used if you consent?

If you consent, the following data may be used for research:
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1. Juggling performance scores derived from evaluation videos

2. Questionnaires (PANAS and Brief Flow Inventory)

3. Exploratory measures (handgrip strength and a brief cognitive battery)
Risks and discomfort

Risk is low and comparable to usual juggling practice. It may include mild fatigue, minor
ball impacts, and a risk of stumbling or loss of balance, particularly during BOSU tasks.
You may stop at any time if you experience pain, dizziness, or discomfort.

Voluntariness and withdrawal

Participation is voluntary. You may withdraw consent at any time without academic
consequences. If consent is withdrawn, your data will not be used in future analyses.
Complete deletion may not be possible if data have already been anonymized or included
in aggregated analyses.

Confidentiality and video use

Data will be processed in pseudonymized form using a study ID. The identity—ID
correspondence table will be stored separately with restricted access. Videos will be used
exclusively for performance scoring. Results will be reported in aggregated, non-
identifiable form.

Data protection
e Controller: University of Granada

o Purpose: Scientific research and university teaching related to the TuJugling
project

o Legal basis: Participant consent
e Recipients: Authorized research team

o Rights: Access, rectification, erasure, restriction, and withdrawal of consent

Table A8. Structure of the informed consent form (Google Forms)

N° Field Purpose

1 Surname, Name Identification for consent registration

2 ID/passport (optional) Formal identification (only if necessary)
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3 Contact email Communication for queries/withdrawal

4 Confirmation of understanding | Evidence of comprehension and voluntariness
5 Consent decision Primary consent variable

6 Signature date Timestamp

7 Final declaration Digital consent closure

Appendix VII. TuJugling Project Timeline

Table A9. Schedule of enrollment, intervention, and assessments.

Activity / Variable | Baseline | Period 1 Eval. 1 Wash-out Period 2 Eval. 2
(Week 0 (Week (Week 5, (Week (Weeks (Weeks
2-5 1-4,6 8-14 april) 6, 15-21 7-10, 22 11, 20-26
march) | march-7 april) april-19 may)
april) may)
Participant X
information &
consent
Sequence allocation X
Initial supervised X
session
Prescribed training X X
Juggling X X X
performance
assessment
PANAS (post- X X X
assessment)
Flow questionnaire X X X
(post-assessment)
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Handgrip strength X
Cognitive battery X
Adverse events log X




