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Abstract
Purpose. The aim of the study was to analyse the effect of contextual interference on acquisition and retention for jump and 
throw in adults.
Methods. The participants (n = 50) were randomly assigned to 3 groups: blocked practice (BP), random practice (RP), and 
control group (CG). During each practice session, the BP group performed 20 trials of one skill, followed by 20 trials of the 
second skill, while the RP group performed 20 trials for each skill in a random order. The CG participated in physical activities 
that did not include any of these two skills. The intervention consisted of 7 sessions. Skill performance was assessed with the 
Test of Fundamental Motor Skills for Adults – for pretest, acquisition, and retention. The test has content validity established 
by logical validity, as well as documented intra-class reliability (calculated via test-retest) and inter-rater reliability.
Results. A two-way ANOVA [group (3) × measurement (3)] with repeated measures in the last factor revealed a significant 
interaction in throw (F = 5.81; p = 0.001) and jump (F = 10.92; p = 0.001). Post-hoc analyses indicated that the BP and RP 
groups improved from pretest to acquisition. The CG was statistically significantly different from the experimental groups in 
the acquisition and retention phase. The RP and BP groups were not statistically different in any phase, both of the skills being 
assessed.
Conclusion. No contextual interference effect on fundamental motor skills in adults was found. Nonetheless, the results 
suggest that RP and BP improved performance for both skills.
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Introduction

The manner in which the physical practice of a skill 
is scheduled can affect the performance in acquisition, 
retention, and/or transfer [1, 2]. Practice can be struc-
tured promoting a high contextual interference – 
with random practice – where the trials of the task to 
be learned are organized in an alternated sequence 
(e.g. A, B, A, B, A, A…). Or, practice can be prepared 
to promote low contextual interference – with blocked 
practice – where trials are arranged in a consecutive 
sequence (e.g. A, A, A, A…, B, B, B, B…) [1, 3]. When 
organizing practice under different levels of contex-
tual interference, immediate and long-term perfor-
mance can be enhanced or disrupted. This learning 

phenomenon is best known as the contextual inter-
ference effect (CIE) [4–6].

The CIE predicts that practicing under low con-
textual interference enhances acquisition, but leads 
to poorer performance on retention and transfer tests 
as compared with practicing under high contextual 
interference, and vice versa [1, 6, 7].

The typical CIE prediction has been found in se-
quence motor learning in undergraduate students [8, 
9]. Wegman [10] also observed the effect on a funda-
mental motor skill (FMS) in middle school girls. Con-
trarily, the effect was not established in the field hockey 
skills of undergraduate students [11, 12], in throw-
ing tasks in elementary school students [13], or in 
sport-related tasks among older adults [14]. Evidence 
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has shown consistency in the prediction of the CIE, 
especially in laboratory-based studies [15, 16]. None-
theless, applied research has brought mixed results 
[10, 11, 13, 15, 17].

Furthermore, meta-analytic results prove that 
blocked practice is bound with better performance in 
acquisition compared with random practice [16, 18]. 
In retention tests, Mazzardo [18] found that random 
practice showed better performance than blocked 
practice, but Jiménez-Díaz et al. [16] observed no sig-
nificant difference between groups. Both meta-ana-
lytic studies revealed that the age of the participants, 
the number of trials, the external validity of the study, 
and the type of skill are factors that moderated the 
CIE [5, 16, 18].

In addition, evidence has shown a high prevalence, 
in children and adolescents, of low competency in FMS 
[19]. The little evidence available with reference to adults 
also revealed low motor competency in these skills [20]. 
As motor competency is associated with physical fit-
ness in adults [21], it is necessary to enhance FMS 
performance in this population. A meta-analysis showed 
that performance of FMS can be improved in children 
with motor interventions [22], but evidence on motor 
interventions to enhance FMS in adults is limited.

Therefore, this study has two purposes: to examine 
the CIE on FMS in adults and to determine the effect of 
random and blocked practice on FMS performance.

Material and methods

Participants

The total of 61 students were initially recruited for 
this experimental study; 4 participants dropped out 
during practice sessions for personal reasons and 7 did 
not attend the acquisition or retention tests. There-
fore, the final sample consisted of 50 undergraduate 
students (38 male and 12 female), who volunteered to 
participate in this field study (age: 20.32 ± 2.07 years; 
height: 1.68 ± 0.08 m; weight: 63.93 ± 0.08 kg; body 
mass index [(BMI]: 22.62 ± 3.40 kg/m2). The study 
received institutional and ethical approval, and the 
participants signed the informed consent.

All participants were healthy students enrolled in 
a physical activity program at a university in Costa 
Rica. None of the students attended Physical Educa-
tion, Human Movement Sciences, or similar majors.

Instruments and measurements

Motor skill performance for distance jump and over-
arm throw was assessed with the Test of Fundamen-
tal Motor Skills for Adults (TFMSA) [23]. The TFMSA 
is a process-oriented test that consists of 2 subscales: 
locomotor (run, gallop, slide, distance jump, and hop) 
and object control (catch, kick, strike, overarm throw, 
and bounce), 10 FMS in total. For this study, we used 
the distance jump and overarm throw scales. Each 
skill is described by 6 observable components (Table 1) 

Table 1. Observable components to assess FMS proficiency

FMS Observable components

Distance 
jump

Preparatory movements include flexion of both knees, the trunk is slightly inclined forward, and arms 
extended behind the body above the hips without crossing the middle line of the body.
In takeoff, arms extend forward and upward and are kept fully extended above the head during the flight.
In takeoff, the body is fully extended.
Takeoff and landing are performed with both feet simultaneously.
Knees are bent for landing to soften it.
Arms swing downward and forward during landing.

Overarm 
throw

Preparatory movements include one foot forward and the other backward. The body weight is on the back foot 
of the same side as the throwing arm.
During preparation, trunk rotates substantially toward the side of release.
In throwing, a defined rotation of the hips and shoulders is given.
During preparation, the throwing arm is moved backwards (elbow flexed) when the launch takes off, the arm 
is moved forward with the elbow flexed, and extends completely in the front to release the object.
During preparation, the opposite arm is pointing toward the direction where the object must be released. 
During the launch, it is carried toward the body.
After releasing the object, the back foot is brought to the front, changing the body support.

Translated from the original instrument (Spanish to English) [23].
FMS – fundamental motor skill
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that together constitute proficiency. Each participant 
was videotaped when performing 2 trials for each skill, 
and they received 1 point if the component of the move-
ment was present or 0 points if not. Performance was 
assessed from the videotape footage. The raw score 
for each skill ranged from 0 to 12 points. The total of 
9 or more points indicates a proficient performance. 
For the distance jump, the documented scale intra-
class reliability (calculated via test-retest) is 0.82 and 
the inter-rater reliability equals 0.73; for the overarm 
throw, the intra-class reliability is 0.92 and the inter-
rater reliability 0.73 [23]. The TFMSA was applied to 
assess throw and jump performance at pretest, ac-
quisition, and retention.

In addition, height and weight were measured for 
the participants’ descriptive information. Height was 
measured with a portable measuring board (Seca 213). 
A bioelectrical impedance scale (OMRON HBF-510LA) 
was used to measure body weight.

Experimental groups and procedures

The study consisted of 10 sessions: 1 for the pretest, 
7 for the intervention, 1 for the acquisition test, and 
1 for the retention test.

On the first session, the participants signed the con-
sent form and filled out the personal information. Then, 
they were measured for height (cm) and weight (kg); 
BMI was calculated with the standard formula and ex-
pressed in kg/m2. After collecting height and weight, 
the students were assessed for pretest on motor skills 
performance (jump and throw), as indicated in the test 
protocol. They were videotaped when performing 2 trials 
of each motor skill and the performance was assessed 
from the videotape footage. After the pretest, the par-
ticipants were randomly assigned to 3 groups: blocked 
practice, random practice, or control group.

During the acquisition phase, the participants attend-
ed 7 sessions (2 sessions in each of the first 3 weeks; 
1 session in the 4th week), of 30 minutes each. For prac-
tice, they performed 20 trials for each skill per session, 
for the total of 140 trials for each skill. The practice 
trials were not assessed. The blocked practice group 
(low contextual interference) performed 20 consecu-
tive trials of one skill, followed by 20 consecutive trials 
of the second skill (the order of performance was 
randomly assigned to each participant before each 
session). The random practice group (high contextu-
al interference) performed 20 trials of each skill ran-
domly assigned, avoiding more than 2 consecutive 
trials of the same skill. The control group participat-
ed in a 30-minute physical activity class. The activi-

ties implemented did not include jumping or throw-
ing (e.g. aerobics, walking, running, or weight lifting).

The acquisition test was performed 2 days after 
the last intervention session. The retention test took 
place 5 days after the acquisition test. In both tests, 
the participants were assessed on motor skills per-
formance (jump and throw), in accordance with the 
test protocol, as in the pretest.

The experimental practice groups (blocked and ran-
dom) received verbal indications and observational 
demonstrations of each skill at the beginning of each 
session; once the participants started their practice, 
no feedback was given. All experimental sessions 
were supervised by the principal researcher (physical 
education teacher). The control group activities were 
designed and supervised by another physical educa-
tion teacher, who had been previously trained by the 
principal investigator.

Statistical analysis

The data were analysed for a normal distribution. 
Mean and standard deviation were calculated for de-
scriptive purposes. One-way ANOVA was used to ex-
amine between-group differences at pretest. A Pearson 
correlation analysis was applied to establish the relation-
ship between motor skills performances. Distance 
jump and overarm throw were analysed separately with 
a two-way ANOVA with repeated measures in the last 
factor (3 groups by 3 measurements). The IBM-SPSS® 
Statistics 23 software was used for all analyses and 
p values of 0.05 or less were considered statistically 
significant.

Ethical approval
The research related to human use has been com-

plied with all the relevant national regulations and 
institutional policies, has followed the tenets of the 
Declaration of Helsinki, and has been approved by 
the authors’ institutional review board or an equiva-
lent committee.

Informed consent
Informed consent has been obtained from all in-

dividuals included in this study.

Results

Normal probability tests (Kolmogorov-Smirnov and 
Levene) and residual plots indicated that the data were 
normally distributed (p > 0.05). Means and standard 
deviations for distance jump and overarm throw across 
all groups are shown in Table 2.
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For the pretest data, one-way ANOVA showed no be-
tween-group differences at the beginning of the study, 
either for the jump (F(2,47) = 0.51; p = 0.601) or for the 
throw (F(2,47) = 0.02; p = 0.980). The Pearson correlation 
analysis indicated no relationship between motor skills 
performance (r = 0.161; p = 0.263); therefore, both vari-
ables were analysed separately. The descriptive data 
proved low proficiency in the FMS assessed.

For the overarm throw, the two-way ANOVA [group (3) 
× measurement (3)], with repeated measures in the 
last factor, showed a significant interaction (F(2,47) = 5.81; 
p = 0.001; 2 = 4.7%). The main effects for group (F = 
8.53; p = 0.001) and measurement (F = 54.21; p = 0.001) 
were also significant. For the distance jump, the two-way 
ANOVA also revealed a significant interaction (F(2,47) = 
10.92; p = 0.001; 2 = 7.6%). The main effects for group 
(F = 3.82; p = 0.029) and measurement (F = 10.92; 
p = 0.001) turned out significant, too.

Post-hoc analyses for the interaction (simple main 
effects) showed that the performance in the pretest 
was different from that in the acquisition and reten-
tion test in the blocked practice and random practice 

groups, for throw (Figure 1) and jump (Figure 2). In ad-
dition, post-hoc analyses also indicated that the ran-
dom and blocked practice groups were different from 
the control group in the acquisition and retention test. 
No significant difference in performance was found for 
the control group along the intervention period.

Overall results suggested that both interventions 
(blocked practice and random practice) helped to im-
prove performance in jump and throw, and maintained 
performance in the retention test. Physical activity 
without specific FMS practice did not enhance FMS 
performance.

Discussion

The aims of this study were to examine the CIE 
on FMS performance and to enhance motor perfor-
mance throughout random and blocked practice on 
FMS performance in adults. The first hypothesis was 
based on the CIE, suggesting that blocked practice 
would have a better performance on acquisition and 
that random practice would have a better performance 

Table 2. Descriptive statistics for motor skills performance for all groups

Variable Group
Sample

(n)
Pretest Acquisition Retention

M ± SD M ± SD M ± SD

Throw

CG 16 5.88 ± 2.45 7.00 ± 2.31 7.00 ± 2.13

BP 18 5.94 ± 3.02 10.50 ± 1.47 10.44 ± 1.69

RP 16 5.75 ± 2.96 9.81 ± 1.94 9.69 ± 1.70

Jump
CG 16 7.31 ± 2.77 8.06 ± 2.32 7.31 ± 1.78
BP 18 6.44 ± 1.95 10.44 ± 1.58 10.33 ± 1.57
RP 16 6.88 ± 2.73 9.94 ± 1.69 9.88 ± 1.54

M – mean, SD – standard deviation, CG – control group, BP – blocked practice, RP – random practice

a CG different from BP and RP 
b Acquisition and retention different from pretest in BP and RP (p < 0.05).
CG – control group, BP – blocked practice, RP – random practice

Figure 1. Motor skill performance for overarm throw

b b

a a

a CG different from BP and RP 
b Acquisition and retention different from pretest in BP and RP (p < 0.05).
CG – control group, BP – blocked practice, RP – random practice

Figure 2. Motor skill performance for distance jump

b
b

a
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on retention. However, the CIE hypothesis was not 
proved, as no difference between random and blocked 
practice in acquisition or retention was evidenced. The 
second hypothesis was supported, showing an im-
provement of performance in acquisition and reten-
tion for both experimental groups.

As for the CIE, the results of the study revealed no 
difference between the groups, contrary to the typical 
CIE. In some other studies, there were similar obser-
vations regarding analyses of motor performance in 
applied research settings, for diverse skills and sam-
ples [12, 13, 24, 25]. However, the obtained data con-
tradict results that support the CIE [8, 10]. Li and Wright 
[8] proved the CIE on motor sequence learning in a labo-
ratory setting, while Wegman [10] found the effect on 
an FMS in children in applied research.

Regarding the FMS performance, both groups (ran-
dom and blocked) improved their performance from 
pretest to acquisition, with similar performance from 
acquisition to the retention test. These findings are simi-
lar to those exposed in previous meta-analytic studies, 
where random and blocked practice improved perfor-
mance in acquisition [16]. However, for retention, this 
study revealed no changes in any experimental group. 
This behaviour was expected for the random practice 
group according to Jiménez-Díaz et al. [16], but not 
for the blocked practice group, in which we awaited a 
decrease in performance.

The challenge point framework stated by Guadag-
noli and Lee [26] suggests that adding difficulty (e.g. 
assigning random order to the tasks) to a relatively sim-
ple task is desired for optimal learning. As the FMS are 
considered simple tasks for adults, unlike expected by 
the challenge point, it appears that the extra challenge 
promoted by random practice did not enhance learning 
more than assumed in the blocked practice group, 
illustrating that both practice groups improved and 
there was no difference in acquisition between them.

In addition, Hebert et al. [15] suggested that in an 
applied research, blocked practice received more in-
terference than planned; therefore, it behaved simi-
larly to the random practice. Hence, a possible explana-
tion for our findings is that the interference received 
by the blocked practice group was more than planned 
and controlled by the investigator, which resulted in 
no decrease in performance for retention in the group 
as expected on the basis of a recent meta-analysis out-
come [16]. Instead, performance in blocked practice 
was similar to that in random practice, despite the 
level of interference during practice. To verify if the 
setting is a factor that influences the CIE, future stud-

ies should explore the CIE on motor skills in applied 
and laboratory setting, with the same design (adding 
setting as an independent variable). Also, future re-
search is recommended to add more interference to 
the practice groups by increasing the number of tasks 
to be learned or by raising the task difficulty.

The major strength of the present study lies in the 
effectiveness of random and blocked practice to im-
prove performance of FMS in adults, considering that 
there is a high prevalence of low FMS performance in 
this group [20]. In addition, on the basis of the im-
portance of FMS as building blocks of motor perfor-
mance [27] and its relationship with physical activity 
[28] and health-related physical fitness [29], we can 
expect that by improving FMS performance in adults 
one can enhance physical activity levels and health-
related physical fitness.

Conclusions

In conclusion, CIE was not found in FMS perfor-
mance in adults. However, both types of practice (blocked 
and random) enhanced FMS learning. Further research 
should focus on different factors that influence CIE 
(e.g. task difficulty, research setting, and the number 
of tasks) to help physical education teachers and 
coaches when programming practice sessions.
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