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EFECTOS DE LAS ESTRATEGIAS DE 

APRENDIZAJE MOTOR SOBRE LA 

CINEMÁTICA DEL LANZAMIENTO POR 

ENCIMA DE LA CABEZA EN 

CONDICIONES DE TAREA ÚNICA Y 

DOBLE 

RESUMEN 

 

El rendimiento de las habilidades motoras 

depende de estrategias de aprendizaje que 

favorecen la organización del movimiento y la 

adaptación a demandas cambiantes de la tarea. 

Sin embargo, los efectos de distintas estrategias 

de instrucción durante la práctica inicial en 

condiciones de tarea única y doble aún no están 

suficientemente claros. Este estudio 

experimental aleatorizado examinó la precisión 

del lanzamiento por encima de la cabeza en 

participantes principiantes mediante estrategias 

de Conciencia, No Conciencia y Aprendizaje de 

Cinco Etapas. También se realizó un análisis 

cinemático 2D descriptivo para caracterizar la 

ejecución del movimiento. Participaron 45 

estudiantes universitarios varones, de 20,4 ± 2,0 

años, quienes fueron asignados aleatoriamente a 

uno de los tres grupos de estrategia de 

aprendizaje. La precisión del lanzamiento se 

calculó como la proporción de aciertos en el 

cuadrado central del blanco durante 10 ensayos. 

Las diferencias entre las condiciones de tarea 

única y doble se analizaron por separado dentro 

de cada grupo mediante análisis de varianza de 

medidas repetidas. No se observaron diferencias 

estadísticamente significativas entre las 

condiciones de tarea dentro de ninguno de los 

grupos. Sin embargo, se observaron tamaños del 

efecto moderados dentro del grupo de Cinco 

Etapas (ηp² = 0,176) y del grupo de No 

Conciencia (ηp² = 0,221). Descriptivamente, el 

grupo de Cinco Etapas presentó la mayor 

precisión media tanto en la condición de tarea 

única (M = 0,697; DE = 0,113) como en la 

condición de tarea doble (M = 0,648; DE = 

0,056), seguido por el grupo de No Conciencia, 

mientras que el grupo de Conciencia presentó la 

menor precisión media descriptiva. Debido a que 

no se realizaron comparaciones inferenciales 

entre grupos, estos patrones deben interpretarse 

como exploratorios. Las observaciones 

cinemáticas 2D descriptivas indicaron un patrón 

de movimiento aparentemente más organizado 

en el grupo de Cinco Etapas y un patrón 

relativamente más restringido en el grupo de 

Conciencia. Estas observaciones fueron 

consistentes con los patrones de precisión, pero 

no los confirmaron estadísticamente. En general, 

las estrategias híbridas estructuradas y orientadas 

hacia procesos implícitos pueden estar asociadas 

con patrones favorables de rendimiento inicial en 

principiantes durante el lanzamiento por encima 

de la cabeza; sin embargo, no pueden extraerse 

conclusiones inferenciales sobre la superioridad 

entre grupos. 

 

Palabras clave: estrategias de aprendizaje 

motor, conciencia, no conciencia, Aprendizaje de 

Cinco Etapas, lanzamiento por encima de la 

cabeza, rendimiento en tarea doble, cinemática 

2D. 

 
EFFECTS OF MOTOR LEARNING STRATEGIES 

ON OVERHEAD THROW KINEMATICS UNDER 

SINGLE- AND DUAL-TASK CONDITIONS 

ABSTRACT 

Motor skill performance depends on learning strategies 

that support movement organization and adaptability under 

changing task demands. However, the effects of different 

instructional strategies during early practice under single-

and dual-task conditions remain unclear. This randomized 

experimental study examined overhead throwing accuracy 

among novice performers using Awareness, Non-

Awareness, and the Five-Stage Learning Strategies. A 

descriptive 2D kinematic analysis was also conducted to 

characterize movement execution. Forty-five male 

university students (20.4 ± 2.0 years) participated and were 

assigned to one of the three learning-strategy groups. 

Throwing accuracy was calculated as the proportion of 

successful hits to the center square of the target across 10 

trials. Differences between single-task and dual-task 

conditions were examined separately within each group 

using repeated-measures analysis of variance. No 

statistically significant task-condition differences were 

observed within any group. However, moderate within-

group effect sizes were found for the Five-Stage group 
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(ηp² = 0.176) and the Non-Awareness group (ηp² = 0.221). 

Descriptively, the Five-Stage group showed the highest 

mean accuracy under both single-task (M = 0.697, SD = 

0.113) and dual-task conditions (M = 0.648, SD = 0.056), 

followed by the Non-Awareness group, whereas the 

Awareness group showed the lowest descriptive mean 

accuracy. Because no inferential between-group 

comparisons were conducted, these patterns should be 

interpreted as exploratory. The descriptive 2D kinematic 

observations indicated an apparently more organized 

movement pattern in the Five-Stage group and a relatively 

more constrained pattern in the Awareness group. These 

observations were consistent with, but did not statistically 

confirm, the accuracy patterns. Overall, structured hybrid 

and implicit-oriented strategies may be associated with 

favorable early performance patterns in novice overhead 

throwing, although no inferential conclusions regarding 

between-group superiority can be drawn. 

Keywords: motor learning strategies, awareness, 

non-awareness, Five-Stage Learning Approach, 

overhead throw, dual-task performance, 2D 

kinematics. 
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INTRODUCCIÓN 

Introduction 

 

Motor learning refers to the acquisition and 

refinement of skills required for efficient and 

effective motor performance. It involves not only 

the physical execution of movement but also the 

cognitive processes underlying goal selection, 

action planning, movement organization, and 

performance evaluation (Kleynen et al., 2014; 

Schmidt & Lee, 2019). For coaches and physical 

education teachers, selecting an appropriate 

learning strategy is particularly important when 

teaching novice performers, because the type and 

amount of instruction may influence movement 

accuracy, cognitive demand, adaptability, and 

the learner’s ability to perform under changing 

or distracting conditions. Skill acquisition 

therefore depends on the interaction among 

instructional strategies, practice conditions, 

feedback, and the learner’s stage of development 

(Braun et al., 2009). 

 

Two broad approaches are commonly 

distinguished in the motor-learning literature: 

awareness-based, or explicit, learning and non-

awareness-based, or implicit, learning. These 

approaches differ primarily in the extent to 

which learners depend on conscious rules, 

verbalizable knowledge, attentional control, and 

deliberate monitoring of movement (Kleynen et 

al., 2014). Explicit learning involves verbal 

instruction, conscious rule application, and 

intentional evaluation of movement performance 

and is therefore closely associated with 

declarative knowledge (Kleynen et al., 2014; 

Schmidt and Lee, 2019). Implicit learning, in 

contrast, develops with limited accumulation of 

explicit technical knowledge and typically 

emphasizes discovery, repeated task 

engagement, and attention to task-relevant or 

external cues (Masters & Poolton, 2012). 

Automaticity refers to the stage at which 

performance requires minimal conscious control, 

whereas dual-task interference describes a 

reduction in performance when a motor task and 

a secondary cognitive task compete for limited 

attentional resources. 

 

The progression from conscious control to more 

automatic performance is consistent with the 

three-stage model of Fitts and Posner. This 

model proposes that learners progress from an 

initial cognitive stage, characterized by 

substantial attentional demand, to an associative 

stage of movement refinement and eventually to 

an autonomous stage in which performance 

becomes more efficient and less dependent on 

conscious monitoring (Doyon & Benali, 2005; 

Taylor & Ivry, 2012). The model has been 

widely applied in motor-learning and 

rehabilitation contexts and remains influential in 

explanations of skill acquisition (Gentile, 1972; 

Kleynen et al., 2014). The Challenge Point 

Framework complements this account by 

proposing that motor learning is optimized when 

the functional difficulty of a task is appropriately 

matched to the learner’s skill level, prior 

experience, and information-processing capacity 

(Guadagnoli & Lee, 2004; Magill & Anderson, 

2017). Together, these frameworks suggest that 

instructional strategies should provide sufficient 

cognitive structure for novices without creating 

excessive attentional demands that may interfere 

with movement execution. 

 

Research comparing explicit and implicit 

learning indicates that neither approach is 

universally superior. Awareness-based 

instruction may help novices understand task 

goals, identify movement errors, and make 

deliberate technical corrections. However, heavy 

dependence on conscious control and working 

memory may constrain performance when 

learners must process information rapidly or 

complete a secondary task (Maxwell et al., 2003; 

Cabral et al., 2022). Across dynamic and time-

pressured tasks, excessive monitoring of 

movement mechanics has also been associated 

with slower decision-making, restricted transfer, 

and vulnerability to performance disruption 

under  pressure  (Masters  &  Poolton,  2012; 
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Broadbent et al., 2015). These limitations are 

consistent with reinvestment theory, which 

proposes that performers may disrupt an 

increasingly automated skill by consciously 

attempting to control its individual components. 

 

Non-awareness-based strategies seek to reduce 

these demands by promoting learning through 

practice, environmental interaction, and task-

relevant attentional cues rather than extensive 

step-by-step technical instructions. This 

orientation is consistent with the constrained-

action hypothesis, according to which directing 

attention toward the intended movement effect 

may allow the motor system to organize actions 

more automatically and efficiently. Studies of 

implicit-oriented learning generally indicate 

greater resistance to cognitive interference and 

performance pressure, partly because the learner 

acquires fewer verbal rules that must be 

consciously recalled during execution (Gröpel & 

Mesagno, 2019). Nevertheless, reduced 

conscious involvement may limit deliberate error 

identification and precise technical adjustment in 

some tasks, particularly during the earliest stages 

of learning (Maxwell et al., 2003). Collectively, 

recent evidence therefore supports a context-

dependent interpretation: explicit instruction may 

assist initial understanding and technical 

correction, whereas implicit-oriented learning 

may better protect performance when attentional 

resources are restricted. Differences across 

studies appear to reflect variation in task 

complexity, participant experience, instructional 

content, practice duration, and the outcomes used 

to evaluate learning. 

 

The Five-Stage Learning Strategy offers a 

structured hybrid alternative by combining 

cognitive guidance with processes intended to 

facilitate increasingly automatic movement 

control. The strategy guides learners through 

preparation, mental imagery, identification of 

relevant cues, movement execution, and 

performance evaluation (Kearney & Judge, 

2017). It was selected for the present study rather 

than a less structured hybrid approach because it 

provides a clearly defined and reproducible 

instructional sequence that can be implemented 

consistently across novice learners. It also 

preserves the practical advantages of explicit 

instruction—such as goal clarification, 

preparation, and evaluation—without requiring 

continuous conscious monitoring of multiple 

technical rules during movement execution. This 

distinction is especially relevant for novices, 

who may require sufficient structure to 

understand the task but may not possess the 

working-memory capacity or prior movement 

knowledge needed to benefit from extensive 

explicit instruction (Masters & Poolton, 2012). 

 

The Five-Stage strategy is therefore conceptually 

positioned between awareness-based and non-

awareness-based learning. Preparation and 

imagery provide an initial cognitive framework, 

cue identification directs attention toward limited 

task-relevant information, and execution 

encourages the learner to perform without 

continuously controlling each movement 

component. The final evaluation stage permits 

reflection after execution rather than excessive 

technical monitoring during the movement itself. 

This progression may support the transition from 

conscious task understanding to more organized 

and potentially automatic performance. Previous 

findings suggest that structured learning 

sequences of this kind may benefit novice skill 

acquisition and transfer (Kearney & Judge, 

2017), although their effectiveness relative to 

purely explicit and implicit-oriented approaches 

remains insufficiently established. 

 

The practical implications of this comparison 

extend beyond theoretical distinctions among 

learning models. Coaches and physical education 

teachers commonly introduce complex skills in 

environments where learners must attend to 

instructions, targets, teammates, opponents, or 

other sources of information simultaneously. An 

instructional strategy that improves initial 

accuracy  but  produces  high  dependence  on 
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conscious control may be less effective when 

attentional demands increase. Conversely, a 

strategy that supports automaticity but provides 

insufficient guidance may not adequately assist 

novice learners in understanding or correcting a 

new movement. Directly comparing these 

strategies under both single- and dual-task 

conditions may therefore help practitioners 

determine how much explicit guidance, 

attentional direction, and post-performance 

evaluation should be incorporated when teaching 

a novel motor skill. 

 

Despite substantial research on motor-learning 

strategies, several issues remain unresolved. 

First, much of the available evidence has been 

obtained under single-task conditions, although 

sport and physical education frequently require 

simultaneous management of cognitive and 

motor demands. Second, relatively few studies 

have compared awareness-based, non-

awareness-based, and Five-Stage strategies 

within the same experimental context, 

particularly among novices learning a new skill. 

Third, findings remain inconsistent because 

studies differ in instructional procedures, scoring 

systems, task complexity, participant 

characteristics, and the methods used to assess 

movement performance, while principles derived 

from simple motor tasks may not generalize 

directly to more complex skill-learning 

conditions (Wulf & Shea, 2002). Many studies 

have also focused primarily on task outcomes 

without examining how the movement itself was 

organized. 

 

Accordingly, the present study compared the 

effects of Awareness, Non-Awareness, and Five-

Stage Learning Strategies on novice overhead 

throwing accuracy under single-task and dual-

task conditions. A supportive descriptive 2D 

kinematic analysis was included to characterize 

movement execution and complement the 

performance-accuracy findings (Palmer et al., 

2018; Roberton & Konczak, 2001). By 

examining  outcome  accuracy,  task-related 

interference, and descriptive movement 

organization within the same study, this research 

aimed to provide a more integrated 

understanding of how different instructional 

strategies may influence early motor-skill 

acquisition. 

 

Study Objectives and Hypotheses 

 

The present study had the following objectives: 

 

1. To examine whether overhead throwing 

accuracy differed between single-task 

and dual-task conditions within each of 

the three learning-strategy groups: 

Awareness, Non-Awareness, and Five-

Stage. 

2. To descriptively examine patterns of 

mean throwing accuracy across the three 

learning-strategy groups under single-

task and dual-task conditions. 

3. To explore the descriptive 2D kinematic 

characteristics of throwing execution and 

assess whether these observations were 

consistent with the accuracy patterns. 

 

The following primary hypothesis and 

exploratory expectations were formulated: 

 

Primary hypothesis 

 

H1. Within the Awareness group, throwing 

accuracy was expected to be lower under the 

dual-task condition than under the single-task 

condition because the secondary cognitive 

demand was expected to interfere with conscious 

movement monitoring. 

 

Exploratory expectations 

 

E1. Within the Non-Awareness group, throwing 

accuracy was expected to show limited 

descriptive change between the single-task and 

dual-task conditions because reduced reliance on 

explicit rules was expected to limit dual-task 

interference. 
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E2. Within the Five-Stage group, throwing 

accuracy was expected to show limited 

descriptive change between the single-task and 

dual-task conditions because the structured 

combination of preparatory guidance and 

reduced conscious control during execution was 

expected to support performance under increased 

cognitive demand. 

 

Differences in mean accuracy across the three 

groups were treated as descriptive and 

exploratory because no inferential between-

group comparisons were conducted. The 2D 

kinematic analysis was also exploratory and 

descriptive and was not used to statistically 

confirm group superiority. 

 

Methods 

Participants: 

 

Participants were 45 male first-year students 

from the Faculty of Physical Education at 

Yarmouk University (age: 20.4 ± 2 years). All 

were enrolled in the same academic program, 

had comparable exposure to practical courses, 

were free of injury during the previous six 

months, and participated voluntarily. They were 

randomly assigned to the Awareness, Non-

Awareness, or Five-Stage Learning Approach 

groups, with 15 participants in each group. 

 

Only male students were included because 

recruitment was conducted within an available 

male cohort from the same program, which also 

helped maintain a relatively homogeneous 

sample. This limits the generalizability of the 

findings to female and more diverse populations. 

 

No formal a priori power analysis was 

conducted; the sample size was determined by 

the available eligible cohort and the feasibility of 

completing the experimental and video-analysis 

procedures. 

 

A pre-test of throwing ability was not 

administered to avoid introducing familiarization 

or practice effects before exposure to the 

assigned learning strategy. Although random 

assignment reduced the likelihood of systematic 

baseline differences, initial equivalence in 

throwing ability cannot be confirmed. 

 

Table 1. Demographic Characteristics of 

Participants 

 

 Variable  M  SD  Range  

Age (years) 20.4 2 19–22 

Height (cm) 175.3 5.8 165–185 
 Weight (kg)  70.2  6.5  60–85  

 
Note. M = Mean, SD = Standard Deviation. Values are based on 

participants’ self-reported data. 

 

Yarmouk University's Institutional Review 

Board (IRB) in Jordan granted ethical approval 

for this study (IRB/2024/632). The research 

followed the Declaration of Helsinki's ethical 

guidelines for human participant research 

throughout all procedures. Before inclusion, 

participants provided their informed consent. All 

participants were provided with detailed written 

information about the study, including its 

purpose, procedures, potential benefits, and 

associated risks, and informed about their rights 

to confidentiality, withdrawal, and voluntary 

participation. 

Throwing Task 

 

The experimental task consisted of an overhand 

tennis-ball throw toward a 1 m × 1 m wooden 

target divided into nine equal squares. The target 

was positioned 3.5 m in front of the standing line 

at ground level. Participants were instructed to 

throw the ball using the assigned hand, allow it 

to bounce once on the floor, and direct it toward 

the center square of the target. Each session 

consisted of 10 throws. Throwing accuracy was 

defined as the proportion of successful hits to the 

center square out of 10 trials. The throwing task, 
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general instructions, and learning-strategy group 

allocation are illustrated in Figure 1. 

 

Figure 1: Experimental Design of the Overhead 

Throwing Task and Learning-Strategy Group 

Assignment. 
 

 

Two digital video cameras were used to verify 

performance. One camera was positioned in the 

sagittal plane, approximately 3 m lateral to the 

throwing line, to confirm that the ball bounced 

once before target contact and to support 2D 

kinematic analysis. A second camera was 

positioned in the frontal plane, approximately 4 

m in front of the target, to identify the square 

contacted by the ball. Cameras were fixed in 

measured positions and adjusted to ensure clear 

visibility of the throwing area and target. All 

throws were scored during data collection and 

later checked against the video recordings by the 

same researcher to ensure scoring consistency. 

 

Participants received two verbal cues: “prepare 

for throwing” followed by “throw.” After the 

throw cue, participants were required to 

complete the throw within a 3-second window. 

This time window standardized the preparation 

period while allowing sufficient time for the 

assigned learning strategy to be applied. 

Procedures 

 

Data collection was conducted over six days, 

with two consecutive days allocated to each 

experimental group. Participants were randomly 

assigned to one of three learning-strategy groups: 

Awareness, Non-Awareness, or Five-Stage. 

Upon arrival, participants listened to 

standardized pre-recorded instructions describing 

the general task requirements. The general 

instruction was: “The ball will be thrown using 

the assigned hand, allowed to bounce once on 

the floor, and then directed toward the target. 

The aim is to hit the center square as many times 

as possible in each session.” Task-specific 

instructions were then provided according to the 

assigned learning-strategy condition. 

 

In the Awareness group, participants were 

instructed to consciously attend to how they 

performed the throw and to monitor contextual 

cues such as movement feel and the sound of the 

ball bounce. In the Non-Awareness group, 

participants were instructed to focus only on the 

center of the target, ignore other contextual cues, 

and perform the throw automatically without 

consciously thinking about movement 

mechanics. In the Five-Stage group, participants 

followed a sequential strategy consisting of 

preparation, movement imagery, target focus, 

execution, and outcome evaluation. They were 

encouraged to prepare mentally, imagine the 

action, focus on the center of the target, execute 

the throw, and avoid over-controlling the 

movement. 

 

On day one, participants received a verbal 

review of their assigned strategy before testing. 

The same brief review was repeated before each 

session. Each participant completed five practice 

throws before the recorded trials. A rest interval 

of 50 seconds was provided between sets. Each 

participant completed three sessions of 10 

throws, for a total of 30 recorded throws on day 

one. 
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On day two, participants were reminded of the 

same learning strategy using standardized 

written and recorded instructions. No practice 

trials were administered. Rest intervals and 

throwing procedures were identical to day one. A 

five-minute seated rest period was provided 

before the dual-task condition. In the dual-task 

condition, participants performed the overhead 

throwing task while completing a verbal-

memory task. During movement preparation, 

participants listened to a sequence of five single-

digit numbers presented through an audio 

recording. At the throw command, they were 

given an ordinal cue, such as “fourth number,” 

and were required to call out the correct digit 

while executing the throw. Number sequences 

and ordinal positions were randomly generated, 

and digits ranged from 1 to 9. This dual-task 

procedure was used to impose concurrent 

cognitive load involving working-memory 

maintenance and retrieval during motor 

performance. The throwing protocol was 

consistent with motor-learning research using 

overhand throwing tasks to examine skill 

acquisition and performance under varying 

cognitive demands (Hirashima et al., 2003; 

Pantovic et al., 2023). 

 

Accuracy Scoring and Verification 

 

All throws were scored by a single trained 

researcher using a predefined binary criterion: 

contact with the center square of the target. 

Outcomes were verified using frontal- and 

sagittal-plane video recordings, and any 

ambiguous trials were reviewed immediately to 

confirm classification. These procedures were 

used to maximize scoring consistency. Formal 

inter-rater and test–retest reliability statistics 

were not calculated; therefore, some rater-

specific judgment may have influenced the 

classification of ambiguous trials, although video 

verification was used to minimize this 

possibility. 

Descriptive 2D Kinematic Analysis 

 

Video recordings of the overhead throwing task 

were analyzed using Dartfish video-analysis 

software. The camera was positioned 

perpendicular to the plane of movement to obtain 

a sagittal view. Each throw was reviewed frame 

by frame to identify the instant of ball release. 

Four variables were extracted or rated: 

movement sequence score, elbow angle at 

release, ball release angle, and follow-through 

score. Movement sequence and follow-through 

were evaluated using predefined five-point 

observational scales. The movement sequence 

score characterized the organization of the throw 

from preparation to release, including 

preparation, arm action, acceleration, release, 

and movement continuation. The scoring criteria 

were informed by established component-based 

and kinematic analyses of overarm throwing, 

including descriptions of trunk, humerus, 

forearm, stepping, and stride actions (Roberton 

& Konczak, 2001; Palmer et al., 2018). The 

follow-through score characterized the 

completeness of arm continuation and 

deceleration after ball release. 

 

The observational categories and scoring 

descriptors were defined before video 

assessment. However, the scales were not 

independently validated in the present sample 

and were therefore used as structured descriptive 

measures rather than validated diagnostic 

instruments. Elbow angle at release was 

measured as the angle formed by the shoulder, 

elbow, and wrist at ball release. Ball release 

angle was measured as the angle of the ball’s 

initial trajectory relative to the horizontal. 

Because the assessment was based on sagittal-

plane 2D video, the variables were interpreted 

descriptively and used to complement the 

accuracy findings rather than provide a complete 

three-dimensional biomechanical analysis. 

 

All observational ratings were completed by a 

single trained researcher, and inter-rater and 
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intra-rater reliability coefficients were not 

calculated. Observer-dependent variation may 

therefore have influenced the movement-

sequence and follow-through scores, particularly 

for performances near the boundary between 

adjacent categories. Accordingly, the kinematic 

findings were treated as exploratory and 

descriptive and were not used as independent 

confirmation of differences among the learning-

strategy groups. 

 

Statistical analysis: 

 

Throwing accuracy was calculated as the 

proportion of successful center-square hits across 

10 trials under single-task and dual-task 

conditions. Means and standard deviations were 

computed for each learning-strategy group and 

condition using IBM SPSS Statistics, Version 

28. Separate repeated-measures ANOVAs were 

conducted within the Awareness, Non-

Awareness, and Five-Stage groups to assess 

task-condition effects, with statistical 

significance set at α = .05 and partial eta squared 

(ηp²) reported as the effect size; sphericity was 

not applicable because only two repeated 

conditions were examined. Between-group mean 

patterns were summarized descriptively as 

complementary findings and were not interpreted 

as inferential tests of group superiority or a 

Group × Task interaction. The 2D kinematic 

variables—movement sequence, elbow angle at 

release, ball release angle, and follow-through—

were likewise summarized using means and 

standard deviations and treated as exploratory 

descriptive outcomes without separate inferential 

testing. 

 

Results 

 

Throwing Accuracy across Task Conditions 

 

Separate repeated-measures ANOVAs were 

conducted within the Awareness, Non-

Awareness, and Five-Stage groups to examine 

differences in throwing accuracy between the 

single-task and dual-task conditions. None of the 

within-group comparisons reached statistical 

significance. 

 

In the Awareness group, mean accuracy was 

0.596 (SD = 0.024) under the single-task 

condition and 0.601 (SD = 0.144) under the 

dual-task condition, F(1, 14) = 1.660, p = .218, 

ηp² = .106. Thus, no statistically significant task-

condition difference was observed. 

 

In the Non-Awareness group, mean accuracy 

decreased descriptively from 0.668 (SD = 0.058) 

under the single-task condition to 0.622 (SD = 

0.161) under the dual-task condition, F(1, 14) = 

3.972, p = .066, ηp² = .221. This descriptive 

decrease did not reach statistical significance. In 

the Five-Stage group, mean accuracy decreased 

descriptively from 0.697 (SD = 0.113) under the 

single-task condition to 0.648 (SD = 0.056) 

under the dual-task condition, F(1, 14) = 2.981, 

p = .106, ηp² = .176. This descriptive decrease 

also did not reach statistical significance. 

 

The partial eta-squared values were reported as 

estimates of effect magnitude and were not 

interpreted as evidence of statistically significant 

task-condition effects. Descriptively, the Five-

Stage group showed the highest mean accuracy 

under both task conditions, followed by the Non-

Awareness group. However, no inferential 

between-group comparisons were conducted, 

and no conclusions regarding group superiority 

can be drawn. The within-group accuracy results 

are presented in Table 2. 

 

Table 2 

 

Within-Group Repeated-Measures ANOVA 

Results for Throwing Accuracy across Task 

Conditions 

 

Group Task 
condit 

  ion  

M SD SS F p ηp 
² 

 Non-  Single  0.6  0.0  0.0  3.9  .0  .2  
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through scores across conditions. The 

movement-sequence score was 2.5 ± 0.4 under 

the single-task condition and 2.6 ± 0.6 under the 

dual-task condition, while the follow-through 

score was 2.5 ± 0.5 and 2.6 ± 0.7, respectively. 

 

Overall, the descriptive kinematic observations 

broadly paralleled the accuracy patterns but did 

not statistically confirm differences among the 

learning-strategy groups. The descriptive 2D 

kinematic values are presented in Table 3. 
 

 

Note. M = mean; SD = standard deviation; SS = sum of squares; 

F = F statistic; p = exact probability value; ηp² = partial eta 

squared. No within-group comparison reached statistical 

significance at α = .05. The table does not report inferential 

between-group comparisons. 

 

Descriptive 2D Kinematic Findings 

 

The 2D kinematic variables were examined 

descriptively to characterize movement 

execution and assess whether the observed 

patterns were broadly consistent with the 

accuracy results. No inferential statistical tests 

were conducted for these outcomes. 

 

Descriptively, the Five-Stage group showed the 

highest movement-sequence and follow-through 

scores under both task conditions. In this group, 

the movement-sequence score decreased from 

4.2 ± 0.4 under the single-task condition to 3.8 ± 

0.5 under the dual-task condition, while the 

follow-through score decreased from 4.2 ± 0.5 to 

3.8 ± 0.6. 

 

In the Non-Awareness group, the movement-

sequence score decreased descriptively from 3.6 

± 0.5 to 3.1 ± 0.7, and the follow-through score 

decreased from 3.5 ± 0.6 to 3.0 ± 0.8 across the 

single-task and dual-task conditions. Descriptive 

changes were also observed in elbow angle at 

release and ball release angle. 

 

The Awareness group showed relatively similar 

descriptive  movement-sequence  and  follow- 

Table 3 

 

Descriptive 2D Kinematic Profile of Overhead 

Throwing Execution across Learning 

Strategies 

 

Group Task 
condit 
ion 

Seque 
nce 
score 
/5 

Elbo 
w 
angl 
e at 
relea 
se 

Ball 
relea 
se 
angl 
e 

Follo 
w-
throu 
gh 
score 
/5 

Accura 
cy,  M 
± SD 

Non-
Awaren 
ess 

Singl 
e 
task 

3.6 ± 
0.5 

150 
± 9° 

37 ± 
6° 

3.5 
± 
0.6 

0.668 
± 
0.058 

Non-
Awaren 
ess 

Dual 
task 

3.1 ± 
0.7 

144 
± 
13° 

40 ± 
9° 

3.0 
± 
0.8 

0.622 
± 
0.161 

Awaren 
ess 

Singl 
e 
task 

2.5 ± 
0.4 

138 
± 8° 

41 ± 
7° 

2.5 
± 
0.5 

0.596 
± 
0.024 

Awaren 
ess 

Dual 
task 

2.6 ± 
0.6 

140 
± 
12° 

41 ± 
10° 

2.6 
± 
0.7 

0.601 
± 
0.144 

Five-
Stage 

Singl 
e 
task 

4.2 ± 
0.4 

157 
± 7° 

35 ± 
5° 

4.2 
± 
0.5 

0.697 
± 
0.113 

Five-
Stage 

Dual 
task 

3.8 ± 
0.5 

153 
± 9° 

37 ± 
6° 

3.8 
± 

 0.6  

0.648 
± 
0.056  

 
Note. Values are presented as mean ± standard deviation. 

Movement sequence and follow-through were rated using five-

point observational scales. Elbow angle and ball release angle are 

reported in degrees (°). All kinematic outcomes are descriptive 

and exploratory; no inferential tests were conducted for these 

variables. 

Aware 
ness 

task 68 58 23 72 66 21 

 Dual 
task 

0.6 
22 

0.1 
61 

    

Aware 
ness 

Single 
task 

0.5 
96 

0.0 
24 

0.0 
05 

1.6 
60 

.2 
18 

.1 
06 

 Dual 
task 

0.6 
01 

0.1 
44 

    

Five-
Stage 

Single 
task 

0.6 
97 

0.1 
13 

0.0 
35 

2.9 
81 

.1 
06 

.1 
76 

 Dual 
task 

0.6 
48 

0.0 
56 
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Discussion 

The present study examined overhead 

throwing accuracy under single-task and dual-

task conditions within three learning-strategy 

groups: Awareness, Non-Awareness, and Five-

Stage. The primary inferential finding was that 

throwing accuracy did not differ significantly 

between task conditions within any of the three 

groups. Therefore, the study did not establish a 

statistically significant task-condition effect for 

any learning strategy. Nevertheless, the 

descriptive patterns differed across groups: the 

Five-Stage group showed the highest mean 

accuracy under both task conditions, followed by 

the Non-Awareness group, while the Awareness 

group showed lower descriptive accuracy. 

Because no inferential between-group 

comparisons were conducted, these observations 

should be interpreted as exploratory rather than 

as evidence that one strategy was superior. 

The absence of statistically significant 

differences between single-task and dual-task 

performance may have several explanations. 

First, the secondary verbal-memory task may not 

have imposed a sufficiently consistent cognitive 

demand to produce a detectable reduction in 

throwing accuracy. Second, novice performance 

is often highly variable, which may have 

increased within-group dispersion and reduced 

the clarity of task-condition effects. Third, the 

relatively brief exposure to the learning 

strategies may not have been sufficient for 

distinct instructional effects to become stable. 

Finally, the small number of participants in each 

group may have reduced statistical power, 

particularly for detecting small or moderate 

changes. The partial eta-squared values should 

therefore be viewed only as estimates of effect 

magnitude and not as substitutes for statistically 

significant findings. 

Awareness Strategy 

The Awareness group showed similar mean 

accuracy under the single-task and dual-task 

conditions, and the primary hypothesis 

predicting  lower  accuracy  under  dual-task 

demands was not supported. This finding does 

not support the expectation that the secondary 

cognitive task would clearly interfere with 

consciously monitored movement. Awareness-

based instruction can assist novices in 

understanding task requirements and deliberately 

correcting movement errors, but it may also 

increase reliance on working memory and 

conscious control (Choo et al., 2024; Schmidt & 

Lee, 2019). According to reinvestment theory 

and the constrained-action hypothesis, excessive 

attention to movement mechanics may interfere 

with efficient motor organization (Wulf et al., 

2001; Masters & Maxwell, 2008). 

The descriptive 2D observations showed 

relatively low movement-sequence and follow-

through scores in the Awareness group under 

both conditions, with little change across tasks. 

These patterns may reflect a relatively 

constrained form of execution; however, this 

interpretation remains tentative because the 

kinematic variables were observational, were 

scored by a single rater, and were not tested 

inferentially. The absence of a clear dual-task 

cost may also indicate that the secondary task 

altered attentional allocation without producing a 

measurable effect on accuracy, or that the initial 

movement pattern provided limited scope for 

further deterioration. Dual-task effects are 

known to depend on task difficulty, learner 

experience, and the nature of the secondary 

cognitive demand (Beilock et al., 2002; Al-

Yahya et al., 2011). 

Non-Awareness Strategy 

The Non-Awareness group showed a 

descriptive reduction in accuracy from the 

single-task to the dual-task condition, although 

this difference did not reach statistical 

significance. This descriptive pattern did not 

clearly support the exploratory expectation of 

limited change across task conditions. Implicit-

oriented strategies reduce reliance on verbal 

rules and encourage attention to external task 

cues, potentially supporting more automatic 

movement organization (Beilock & Carr, 2001). 
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This may explain why the group demonstrated 

relatively high descriptive accuracy during the 

single-task condition. 

However, the observed decrease under dual-

task conditions suggests that the movement 

pattern may not yet have been sufficiently stable 

to remain unaffected by additional cognitive 

demands. The descriptive kinematic profile also 

showed lower sequence and follow-through 

scores under the dual-task condition, together 

with changes in elbow and ball-release angles. 

These findings were broadly consistent with the 

accuracy pattern, but they did not statistically 

establish a deterioration in movement execution. 

Implicit learning may reduce disruption 

associated with excessive conscious control, but 

it does not necessarily eliminate dual-task 

interference during the early stages of practice 

(Maxwell et al., 2003; Cabral et al., 2022). 

Five-Stage Strategy 

The Five-Stage group showed the highest 

descriptive mean accuracy and the highest 

descriptive movement-sequence and follow-

through scores under both task conditions. 

However, the reduction in accuracy from the 

single-task to the dual-task condition was not 

statistically significant, and the study did not test 

whether the Five-Stage group performed 

significantly better than the other groups. 

Accordingly, the exploratory expectation of 

limited descriptive change across task conditions 

was not clearly supported. 

The descriptive pattern may be related to the 

structured sequence of preparation, imagery, 

cue-focused attention, execution, and evaluation 

included in the Five-Stage approach (Kearney & 

Judge, 2017; Kermarrec et al., 2022). For novice 

learners, this structure may provide sufficient 

guidance without requiring continuous conscious 

monitoring of every movement component. 

Preparation and imagery may support task 

organization, while cue-focused execution may 

reduce excessive internal attention. Previous 

research has similarly suggested that structured 

multistage  approaches  can  support  skill 

acquisition and transfer in novice performers 

(Kearney & Judge, 2017). In the present study, 

however, this explanation should be regarded as 

a plausible interpretation of the descriptive 

pattern rather than a confirmed mechanism. 

Comparison across Task Conditions and 

Learning Strategies 

Taken together, the results did not 

demonstrate statistically significant changes 

between single-task and dual-task conditions 

within any strategy group. The descriptive 

reductions observed in the Non-Awareness and 

Five-Stage groups should not be interpreted as 

meaningful task effects solely on the basis of 

their estimated effect sizes. Likewise, the higher 

descriptive means observed in the Five-Stage 

and Non-Awareness groups do not establish 

between-group superiority because no Group × 

Task interaction or inferential between-group 

comparison was conducted. 

The descriptive accuracy and kinematic 

patterns nevertheless provide preliminary 

information that may guide future research. The 

Awareness group showed relatively similar 

accuracy across conditions but lower descriptive 

movement scores, whereas the Non-Awareness 

and Five-Stage groups showed higher descriptive 

performance accompanied by some reduction 

under dual-task demands. These patterns suggest 

that instructional strategies may influence how 

novice performers organize and maintain a new 

movement, but adequately powered factorial 

studies are required to determine whether these 

apparent differences represent reliable learning-

strategy effects. 
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Figure 2. Mean throwing accuracy under single-

task and dual-task conditions across the three 

learning-strategy groups. Error bars represent 

standard deviations. The figure presents 

descriptive group patterns only and should not 

be interpreted as evidence of statistically 

significant between-group differences. 

Practical Implications 

For coaches and physical education 

teachers, the findings support a cautious and 

flexible approach to motor-skill instruction. 

Novices may benefit from sufficient structure to 

understand the task while avoiding excessive 

verbal rules that encourage continuous 

monitoring of movement mechanics. External 

cue focus, imagery, and post-performance 

evaluation may be useful components of 

instruction, particularly for accuracy-based tasks 

performed under changing attentional demands. 

The Five-Stage strategy offers a practical 

framework that combines preparation, imagery, 

cue focus, execution, and evaluation. The 

descriptive findings indicate that this approach 

warrants further investigation, but they do not 

establish that it is more effective than Awareness 

or Non-Awareness instruction. Similarly, the 

current findings do not justify rejecting 

awareness-based instruction, which may remain 

useful when learners require technical 

explanation or deliberate error correction. 

Instructional strategy should therefore be 

selected according to the learner’s experience, 

the complexity of the task, and the cognitive 

demands of the performance environment. 

Limitations and Future Research 

Several limitations should be considered. 

The sample included only 15 male participants 

per group, which may have reduced statistical 

power and limits generalizability. No baseline 

throwing pre-test was conducted, so complete 

equivalence in initial ability cannot be confirmed 

despite random assignment. The intervention 

was brief and did not include retention or 

transfer testing; therefore, the findings reflect 

early performance rather than established motor 

learning. The 2D kinematic variables were 

descriptive, and the observational ratings were 

completed by a single researcher without inter-

rater or intra-rater reliability testing. In addition, 

the study did not conduct inferential between-

group comparisons or test a Group × Task 

interaction. 

Future research should include larger and 

more diverse samples, baseline assessment, 

longer instructional periods, retention and 

transfer tests, and validated kinematic measures 

with multiple raters. A mixed factorial design 

would also allow direct testing of group effects 

and Group × Task interactions. These extensions 

would help determine whether the descriptive 

performance patterns observed in the present 

study represent reproducible differences among 

learning strategies. 

Conclusion 

 

This study examined novice overhead throwing 

performance under single-task and dual-task 

conditions within Awareness, Non-Awareness, 

and Five-Stage learning-strategy groups. No 

statistically significant differences between task 

conditions were observed within any group. 

Descriptively, the Five-Stage group showed the 

highest mean throwing accuracy and the highest 

movement-sequence and follow-through scores 

under both conditions, followed by the Non-

Awareness group. However, because no 

inferential  between-group  comparisons  were 
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conducted, these patterns should be interpreted 

as preliminary and exploratory rather than as 

evidence that one learning strategy was superior. 

 

The descriptive findings indicate that structured 

preparation, mental imagery, target-focused 

cues, and reduced conscious monitoring may 

warrant further investigation as components of 

instruction for novice performers. The results do 

not support definitive recommendations favoring 

the Five-Stage or Non-Awareness strategies over 

Awareness-based instruction. Instead, they 

suggest that coaches and physical education 

teachers should adapt instructional methods to 

the learner’s experience, the characteristics of 

the task, and the cognitive demands of the 

performance environment. These conclusions are 

limited by the small male-only sample, the 

absence of a baseline assessment, the brief 

intervention period, the lack of retention or 

transfer testing, and the descriptive nature of the 

2D kinematic analysis. Future studies should use 

larger and more diverse samples, longer learning 

periods, validated kinematic measures, and 

factorial analyses that directly test between-

group and Group × Task effects. Such research is 

needed to determine whether the descriptive 

trends observed in this study represent reliable 

differences in motor-learning strategy 

effectiveness. 
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