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The Effect of Verbal and Analogical Learning on the Accuracy and Angular
Velocity of Dart-Throwing in Children
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Introduction: The importance of implicit learning and ways to achieve it in learning motor skills is increasing.
However, little research has been carried out on children and the effects of analogy on children’s compressive
performance are unclear. This study is performed aiming to compare analogy and verbal learning on accuracy and
angular velocity of dart-throwing skills in children.

Materials and Methods: This experimental study was performed using a semi-experimental design in 24 children
with a mean age of 11.06 + 2.2 years. The subjects were selected by the convenience sampling method and randomly
divided into three groups: verbal training, analogy, and control. After the dart throw test (10 attempts), the
participants underwent 8 rehearsal sessions (including 50 attempts per session). Retention and transfer tests were
taken 3 weeks after the last session and 10 attempts were made on the variables of radial error and angular velocity.
Data were analyzed using mixed-design analysis of variance (ANOVA) (3 x 4 in performance and 3 x 3 in angular
velocity). a = 0.05 was considered as the significance level.

Results: The results showed that the verbal group had a significant decrease in radial error in the acquisition
(P < 0.001), retention (P < 0.003), and transfer (P < 0.025). However, an increase in error was observed in the
learning (P < 0.001) and transfer stages (P < 0.001) in the control group, and in the transfer stage in the analogy
group (P < 0.038). Moreover, the verbal group had a significant increase in elbow angular velocity (P < 0.005), while
in other groups there was no significant difference between the test phases (P < 0.05).

Conclusion: It seems that verbal instruction increases the angular velocity, improves accuracy and performance
compared to analogy, and is more effective in children’s performance.
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Introduction
All specialists, researchers, and coaches in sports science
and other related fields are trying to find efficient
methods and identify the factors affecting the acquisition
and learning of motor skills. Implicit and explicit
learning are among types of learning. The process by
which individuals become specialized at performing
skills without being aware of what they are performing
is called implicit learning. In this type of learning,
information is processed at an unconscious level and
cannot be presented verbally (1). Different strategies
have been proposed for implicit learning, including
chain situations (2), skill learning with simultaneous
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secondary task (3), learning without feedback (4), low-
error learning (1), analogy learning (5), exploratory
learning (6), and guided exploratory learning (7).

A quick look at the research on motor learning
shows that in the past, instruction in skill training was
given verbally and step by step, and the person began to
practice the skill with full knowledge of the obvious
knowledge of the basic principles of movement.
However, the findings of subsequent studies have
suggested that lack of presenting the skill
implementation instruction to individuals and lacking
explicit knowledge not only do not have a negative
impact on skill learning, but also improves performance
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under certain conditions (8,9). Skills that are learned
explicitly and without accumulation of task-related rules
and knowledge are better performed over long periods of
time under stressful conditions, fatigue, and multiple
tasks (10). The purpose of learning a skill is to apply it in
real life. Therefore, many researchers believe that
implicit learning processes enhance resistance to
disorders due to cognitive overload, psychological stress,
and physical fatigue; while in explicit learning, under
similar conditions, the overall performance may be
severely impaired (11).

The results of investigations in this area are
contradictory, with some reporting no significant
difference in the accuracy of throws in basketball shots
and joint kinematics between the two groups of explicit
and analogy training in young people (12,13).
However, some other studies have demonstrated the
superiority of analogy learning over verbal learning in
the young people over the elderly in the Top Spin
stroke in table tennis (a stroke in which the racket is
applied onto the ball) (14), and improved badminton
learning in the elderly (15). Analogy instructions seem
to reduce confidence in verbal information processes
during motor programming compared to traditional
forms of training (explicit rules of how to move).
Although the study of two groups of novice basketball
players with high or low preference for receiving
verbal instructions showed a significant decrease in the
activity of verbal areas of the brain in the high
preference group after analogy learning, their function
remained constant. However, the low preference group
did not show a significant decrease in verbal areas of
the brain after the analogy learning, but their
performance declined significantly. In other words,
cognitive and functional changes after analogy training
may depend on personal aspects of information
processing such as verbal preference (16).

The childhood level is one of the levels of
maturation of individuals. This period of the
individual is different from adulthood in terms of
psychological skills and perceptual-cognitive-motor
processes are not refined like the adulthood period
(17). Thus, children may respond to the effects of
psychological skills with difficulty or differently than
learners who have gone through developmental
stages. Given these different cognitive and motor
abilities, different learning strategies that are useful
for adults may not be necessarily optimal for children
(18). Perhaps one of the reasons for this is the
challenges and limitations involved in attracting
children to participate in research. However, in order
to gain more knowledge and insight, it is necessary to
conduct more extensive studies on this group.
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Additionally, given the few studies accomplished in
the field of implicit learning, more evidence is needed
to confirm the acquisition of the pattern and its
persistence in the implicit method. Therefore, the
present study is carried out with the aim to apply the
effects of implicit learning and its application in
everyday situations. Some studies have found the
verbal method to be effective (13,16,19) and others
have advocated explicit learning (14,15,20).
Accordingly, the present study examines the question
of whether there is a difference between explicit and
implicit learning in accuracy and acquiring a dart-
throwing skill pattern and whether these guidelines
can lead to the acquisition and learning of darts?

Materials and Methods

This study was a quasi-experimental study that was
designed in an intra-group and inter-group form and
was conducted every other day evenings from 4 to 6
in the gym of the Malaek Welfare Center. G*Power
software was employed to estimate the sample size
based on the study by Oppici et al. (21) and Van
Dyck et al. (22). Based on the statistical method of
mixed-design analysis of variance (ANOVA) factor
analysis, 3 groups, 4 repetitions, power of 0.95, and
n? related to interactions of 0.35, the minimum
sample size was estimated to be 24 people. The
participants were randomly selected from 50 students
aged 7 to 13 from the Malaek Welfare Center and
were divided into three learning groups: verbal,
analogy, and control. The study inclusion criteria
included physical health and immaturity. In addition,
dissatisfaction with the continuation of the training
process and absence of more than one training session
were also considered as the exclusion criteria. In
order to ensure the musculoskeletal immaturity of the
participants, the relevant person and then the
participants themselves were asked about their start of
menstruation period. The participants participated in
the project voluntarily and an informed consent form
was obtained from them. The study process was
approved by the Institute of Physical Education and
Sports Sciences affiliated to the Ministry of Science,
Research and Technology of Iran with the code
IR.SSRC.REC.1398.027.

To perform the movement task, a standard Unicorn
dartboard with a diameter of 45 cm was used, which was
hung at a height of 122 cm from the ground and at a
distance of 2 m from the subject (23). The camera used
in the present study was a Casio digital camera (EX-
ZR1000, China) with a frequency of 240 frames per
second, which was placed 6 meters away from the
person at an angle of 90 degrees to him (24). Light-
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reflecting markers were affixed to the superior hand and
to the anatomical sites of the internal styloid process of
the wrist, the outer epicondyle of the arm, and the
acromion of the shoulder (25).

In the exercise room, the subjects first performed
10 attempts without any training, using kinematic data
and throw accuracy as pre-test information. Then, they
were randomly divided into three groups of verbal,
analogy, and control learning (8 subjects in each
group). Each person in each group performed
400 training attempts in the form of 10 sets of 5
attempts in each of the 8 training sessions with the
relevant instructions. The next day, exercises for each
group began. Before starting the first attempt set, the
subjects were given three test throws to warm up and
get acquainted with the exercise. In the group of verbal
training, verbal instructions such as how to stand, hold
a dart, and how to throw it were presented to each
subject. In the analogy group, likening of throwing a
stone into the hole was used and the control group was
asked to shoot a dart at the center of the plate. Three
weeks after the last training session, each subject
performed two sets of 5 attempts without instructions
as a retention and transfer test. In the transfer test, a
competition was held to create high-pressure
conditions and the subjects were informed that the first
three people would be awarded (26).

To analyze the data, the images were first processed
in Kinovea software version 8.27 (Kinovea 0.8.27-
October 2018) and the angular velocity was obtained
from the angular difference between the maximum
elbow flexion and the elbow angle at the moment of
release divided by the throw time (27). Information
about the elbow flexion and extension and dart flight
time were extracted and analyzed in Excel software
version 2013 (Microsoft Corp. Released 2013. Microsoft
Office for Windows, Redmond, WA, USA). Accuracy
was also measured using radial error (RE) (Equation 1)
and in RE, which showed the mean deviation of the dart
from the center of the target and a lower number
indicated a better performance. In each throw, the
coordinates of the dart landing point on the horizontal
and vertical axes were recorded in terms of distance
from the center in centimeters. The landing point of each
dart had coordinates X, y.
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Equation 1: How to calculate the radial error M
(Median) RE = RE = \(x%/Y?)

Since the radius of the dartboard was 22.5 cm, the
coordinates of the darts outside the dartboard range
for x and y were considered as 23 and 23,
respectively (24). The throwing time from the
moment the dart was released from the subject’s hand
until it hit the dart plate was calculated in the Kinovea
software and its angular velocity was obtained from
the angular difference between the maximum elbow
flexion and the elbow angle at the moment of release
divided by the throwing time (27).

The normality of data distribution was checked
and confirmed using Shapiro-Wilk test. Mean and
standard deviation (SD) central tendency measures
were applied for descriptive statistics and mixed-
design ANOVA of 3 (groups) in 4 (tests) for analysis
of performance variables (radial error and variable) as
well as for the variable of elbow joint velocity
analysis. Paire-wise comparisons were performed by
least significant difference (LSD) post hoc test.
Finally, the data were analyzed in SPSS software
(version 24, IBM Corporation, Armonk, NY, USA).
P < 0.05 was considered as the significance level.

Results
The demographic information of the participants of the
three groups is given in table 1. Despite the random
division of the subjects into three groups, age and
demographic characteristics in the control group were
higher compared to the other two groups; however, this
difference was not significant (P < 0.05).

Table 1. Demographic characteristics of the
participants (8 subjects in each group)
Verbal 10.75+£2.77 43.00+16.89 142.25+12.26
Analogy 1062+1.73 40.27+1595 141.00+13.47
Control 1200+1.77 49.85+15.90 145,16 +9.95
Data are reported as mean + standard deviation (SD).

The results of descriptive statistics of the radial
error and elbow joint velocity variables are presented
in table 2. It should be noted that the speed of
movement of the elbow joint was not evaluated in the
dart throwing skill acquisition stage.

Table 2. Mean of variables in different conditions

Variable Radial error (cm

Pre-test 20.35£3.89 22.15%2.76
Acquisition 12.64 +3.69 14.26+4.18
Delayed retention 20.42+2.81 16.00 £5.34
Delayed transfer ~ 20.71 +1.63 18.26 £ 2.62

1853+3.66 -0.64+0.22 -0.62+0.18 -0.75+0.17
16.08 +4.01 - - -

19.39+3.27 -056+0.19 -0.78+0.19 -0.67 +0.20
1999+1.95 -057+0.21 -0.37+0.16 -0.59 +0.09

Data are reported as mean + standard deviation (SD).
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The descriptive statistics of performance accuracy
of the three groups are shown in figure 1.
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Figure 1. Mean radial error at different stages
“ Significant differences between groups in the test phase at the
level of P < 0.05

Descriptive statistics of angular velocity of the
three groups are also presented in figure 2.
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Figure 2. Mean speed of the elbow joint in different
stages (a larger negative number indicates a lower

speed and vice versa)
“ Significant differences between groups in the test phase at the
level of P < 0.05

Based on the data of figure 1, the results of 3 by 4
mixed-design ANOVA in RE showed that the main
effect of the test (n2 = 0.421, P < 0.001,
Fies = 27.23) and the interactive effect of the test
and the group (n* = 0.213, P < 0.0186, F.63 = 2.64)
was significant, but the main effect of the group was
not significant (n* = 0.051, P = 0.580, F(y.21) = 0.56).
Given the LSD post hoc test results, the verbal group
showed a significant decrease in RE in all three stages
of acquisition (P < 0.001), retention (P = 0.003), and
transfer (P = 0.025) compared to the pretest. The
control group also showed a decrease in error
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(P < 0.001) from pre-test to acquisition, but an
increase in error in the stages of retention
(P = 0.001) and transfer (P < 0.001); while in the
analogy group, an increase in error was observed
only in the transfer compared to the acquisition
(P = 0.038) (Table 2). Moreover, there was no
difference between the groups in the findings of
radial error of pre-test and acquisition stages, but the
RE of the verbal group in retention test (P = 0.037)
and transfer (P = 0.031) was less than the control
group and there was not a significant difference
between the other groups.

The results of 3-by-3 mixed-design ANOVA in
elbow joint speed indicated that the main effect of the
test (1° = 0.266, P = 0.002, Fp4p = 7.59) and the
interactive effect of the test and the group (n° = 0.266,
P =0.010, F 42 = 3.80) were significant, however the
main effect of the group was not significant (n? =
0.09, P = 0.373, F(;21y = 1.03). Given the results of
pairwise comparisons of the main effects of the test,
the speed in transfer increased significantly compared
to the pre-test (P = 0.002) and retention (P = 0.001)
stages (Table 2). Furthermore, the findings revealed
that the speed of the verbal group in the retention
stage was lower than the control group (P = 0.038),
but in the transfer stage, it was higher than the control
group (P = 0.025). Based on the results of the intra-
group comparisons, only the verbal group showed a
significant increase in speed from pre-test to transfer
(P = 0.005), but in other groups, no significant
difference was observed between the test stages
(P <0.050) (Figure 2).

Discussion
The aim of this study was to determine the effect of
verbal and analogy learning on the accuracy and
kinematics of dart throwing skills in children. The
findings suggested that dart throwing skills training,
both verbally and analogically, led to a significant
decrease in RE, but in the verbal group this decrease
was significantly higher than that in the analogy and
control groups. In the throw angular velocity variable,
the verbal group showed a significant increase in speed
from the pre-test to the transfer, and no significant
difference was observed between the test stages in the
other groups. The speed of the verbal group was lower
compared to the control group in the retention stage,
but increased in the transition to the control group.
These results confirm the principle of the power law of
practice (28) that at the beginning of training, a
significant improvement in overall performance is
observed. According to this law, most physical skills
performance curves have a negative acceleration curve.
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In other words, as practice continues, progress is
significantly reduced. Thus, in the early stages of
practice and when there are more items to learn,
progress is much faster than in the final sessions of
practice where there is not much left to learn (29). The
results of the present study confirm the above. In the
analogy learning, no explicit instructions were given to
the learner regarding the dart throwing movement, and
only throwing darts was likened to throwing a stone
into a hole. Therefore, in the learning process of this
group, working memory (WM) was not active and the
learners, regardless of the details of the task execution
method, learned the connection between the
components of the task unconsciously and were not
aware of what they learned.

According to Schmidt and Lee’s three-step model
for motor learning, the performance of individuals in
the early stages is associated with numerous and large
errors and also, is very variable and shows its
inequality from one effort to another (29). In the early
stages of learning, movement pattern is acquired
during practice and gradually. Therefore, from the
pre-test to the transfer test stage, a difference could be
observed in increasing the mean angular velocity of
the verbal group. If motor learning is examined from
Gentile’s point of view, who introduces it as a
progression between the first and second stages (30),
it is clear that the participants in the present study
sought to understand the concept of movement as the
appropriate pattern required to achieve the goal of the
desired movement.

It is believed that the analogy acquisition of
skill takes place through the transition from
declarative knowledge to procedural knowledge:
that is, the first stage of skill acquisition (cognitive
stage), is fulfilled through the testing of hypotheses
and the acquisition of explicit knowledge about
skill based on the skill implementation rules. The
rules of this stage are obvious and verbalizable, but
as a result of practice, the person gradually enters
the automatic stage. At this stage, skill-related
knowledge is implicit and non-verbal. This
explanation is the basis of many recent theories
about skill acquisition (31).

In a study of 45 female students aged 8 to 12 years
with developmental dysfunction, although both verbal
and explicit teaching methods improved performance
in these children, verbal education was superior (18);
this finding was consistent with the present study.
The results of another study revealed that children’s
motor learning in the analogy method may be
influenced by their desire for conscious control of
movements, which suggests that educators should
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adapt instructions to individual differences between
learners (32). Considering the results of the present
study, in explicit training, the effect of age is
observed whenever an explicit intervention is carried
out in the test, which casts doubt on the view of Witt
et al. regarding the independence of implicit learning
of age (19).

The results of the present study indicated that in
the implementation phase, verbal learning was more
effective than analogy learning, which was in line
with the results of previous studies (1,14-16).

If the effect of implicit learning is in the same
level of the effect of explicit learning, it still does
not diminish in importance; because, as mentioned,
it is a good way to avoid a large and confusing
amount of information that should be presented to
the learner when teaching a type of movement task
(33,34). In the present study, the advantage of
using analogy was not confirmed. The word used
may not have been expressive to the children or
different interpretations of the word stoning may
have been conceived by the participants. To use the
analogy method, age, status, culture, and position
of individuals should be considered. The usefulness
of the analogy method is achieved when the
number of instructions is reduced and only the
important points are stated (25). In this approach,
even one cue is enough to perform the movement
properly (35,36). Hence, it seems that a wide field
is open to researchers; so they can examine the
impact of this type of learning in all the implicit
learning situations explored so far.

Limitations
Rest, mental state, and other physical, mental, and
perceptual activities could not be controlled during
the study.

Recommendations

It seems that the failure to achieve the desired results
in using the analogy due to the type of explanation
used for children was not clear or has caused different
perceptions of throwing stones for participants.
Therefore, it is suggested to use another word in dart
throwing. Moreover, according to a latest study, the
subjects’ preference for receiving verbal instructions
can also be examined before starting the study and
have different effects (16).

Conclusion
Verbal training seems to increase the angular speed of
throwing and improve accuracy compared to analogy,
and is more effective in children’s performance.
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