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Introduction: Motor learning, in addition to influencing the practice of physical activity, affects cognitive skills related to prediction 
and decision. One key principle in sports training is designing exercise programs that optimize cognitive-motor performance, based on 
the Challenge Point Framework (CPF). The aim of this study is to investigate the effect of different levels of work difficulty on 
cognitive-perceptual indicators in table tennis beginners.
Methods: Forty-two female beginners in table tennis (ages 20–35) were divided into high, moderate, low task difficulty, and control 
groups based on pre-test scores of attention networks. The intervention consisted of 8 daily training sessions, each lasting 30 minutes. 
Pre- and post-test comparisons were made to evaluate changes in cognitive-perceptual performance.
Results: Post-test results showed improvements in executive control of attention and cognitive effort across all groups. But there was 
no significant difference between the groups.
Discussion: These findings suggest that cognitive task difficulty, much like functional difficulty, aligns with predictions from the CPF, 
enhancing executive control and cognitive effort, and thereby supporting motor learning.
Conclusion: Cognitive difficulty, like functional difficulty, takes advantage of the challenge point framework and improves 
cognitive–cognitive indicators.
Keywords: task difficulty, attention networks, cognitive effort, challenge point, table tennis

Introduction
Motor learning is a problem-solving process in which developing an appropriate movement pattern is essential to achieve 
the desired goal.1 Motor skill learning refers to the improvement of motor performance through training,2 which involves 
the interaction between motor and cognitive systems.3 However, limited training time and minor improvements in each 
session emphasize the importance of getting the most out of each training session. The Challenge Point Framework 
(CPF), developed by Guadagnoli and Lee,1 is a theoretical model that explains how practice conditions influence motor 
learning based on the learner’s experience level and task difficulty. The CPF categorizes task difficulty into two types: 
nominal difficulty (the inherent difficulty of the task) and functional difficulty (the difficulty experienced by the learner, 
which varies with skill level and context).
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Research has demonstrated that task difficulty plays a critical role in motor learning. For instance, Bootsma et al2 

found that increasing the difficulty of a motor task, such as tracking a mirror star, led to improved learning rates and 
enhanced neural mechanisms, especially in older adults. Similarly, Sanli and Lee4 designed a training protocol based on 
the Challenge Point Hypothesis and concluded that overly challenging tasks hindered learning, while tasks better 
matched to the learner’s current skill level led to more effective learning. Akizuki and Ohashi5 further investigated 
task difficulty and found that a moderate level of difficulty during training produced optimal motor learning outcomes, as 
compared to tasks that were either too easy or too hard.

In contrast, some studies suggest that highly challenging tasks can also benefit motor learning under certain 
conditions. For example, Raisbeck et al6 found that an external focus of attention enhances learning and performance 
more than an internal focus in an accuracy-speed task. Despite inconsistent findings regarding task difficulty, their study 
showed that participants maintained the accuracy and consistency across targets, regardless of task difficulty. Ong Nicole 
et al7 manipulated target size in a dart-throwing task and found that participants who practiced with a larger target 
reported greater confidence, but these practice effects did not translate to long-term retention.

Elghoul et al8 suggested that adjusting task difficulty progressively and varying the frequency of feedback (knowl
edge of results, KR) could create more optimal cognitive demands for learning. Guadagnoli and Lindquist9 emphasized 
that the level of challenge during practice should match the learner’s skill level, and as the learner becomes more 
proficient, the challenge should increase. Early in learning, tasks should have little variety, but as proficiency grows, task 
variability should increase to maintain an appropriate level of challenge.

Motor learning involves a variety of cognitive processes, ranging from low-level mechanisms that keep movements 
calibrated to high-level cognitive decisions required in novel situations.10

According to the CPF, task difficulty also includes cognitive-perceptual indicators,5 such as anticipatory judgments 
and decision-making.3 These indicators are linked to cognitive skills like attention networks and cognitive effort, which 
vary according to the task’s conditions and the learner’s skill level.

Meanwhile, focusing plays a critical role in cognitive processes, including memory, perception, and decision- 
making.11 Researchers have identified three primary brain networks that govern attention: alerting, orienting, and 
executive control.12,13 Alerting involves maintaining a state of readiness for incoming stimuli,14 while orienting refers 
to selecting relevant sensory input and aligning attention with it.15 Executive control helps regulate conflicts during 
planning, decision-making, and action inhibition.16

Wang, Guo and Zhou17 examined attentional networks in table tennis players and non-athletes, finding that table 
tennis players demonstrated enhanced executive control of attention networks. Interestingly, no significant differences in 
the alertness or attention orientation networks were observed between the two groups. Fumagalli et al18 echoed these 
findings, noting that both physical activity and executive functions can be developed through regular practice and 
engagement with challenging tasks. Maurer and Roebers19 found that more challenging motor tasks relied more heavily 
on executive functions, underscoring the importance of task difficulty in the relationship between motor skills and 
cognitive functions.

Cognitive training has also been shown to improve the efficiency of the executive control attention network in table 
tennis players20 The CPF aligns with theories on cognitive load and problem-solving in educational contexts, where 
optimal challenges are critical for learning and memory retention.21 Additionally, self-controlled practice, where learners 
adjust task difficulty themselves, has been shown to improve motor accuracy and movement patterns in young athletes.22

In another study, Abdollahipour et al23 found that the type of attentional focus, whether internal or external, did not 
significantly affect dart throwing performance in young girls.

External focus on dart flight was more beneficial than other attention focus instructions in the transfer test. This 
suggests that the optimal external focus distance for learning may change when a goal-directed task is performed on 
a fixed or moving target. The study of Frikha and Alharbi24 investigated whether a combined educational program, 
including visual arts activities and motor accuracy exercises, compared to motor accuracy training alone, could improve 
children’s performance in the areas of fine motor coordination, selective attention, and reaction time.

In summary, while the CPF has traditionally focused on motor performance, recent research suggests that cognitive- 
perceptual indicators, such as attention networks and decision-making, also play a critical role in motor learning. In this 
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study, we aim to extend the CPF by examining how manipulating the attentional network of executive control affects 
cognitive-perceptual outcomes in table tennis beginners. Based on the aforementioned research, we hypothesize that 
increasing cognitive task difficulty will improve cognitive-perceptual indicators in novice table tennis players.

Materials and Methods
Participants
In this study, 42 beginner female table tennis players aged 20 to 40 years were selected as participants. The sample size 
was determined using G*Power software (n=40, power (1-β err prob)=95%, α err prob=0.05, effect size=0.35,25 based on 
prior research by Sanli and Lee).4 Initially, 48 participants were recruited, but 6 individuals withdrew from the study due 
to personal reasons, leaving a final sample of 42 participants.

The participants were divided into four homogeneous groups (low difficulty, medium difficulty, high difficulty, and 
control) based on their average scores on attention network tests. Each group consisted of 12 participants.

A self-report questionnaire was used (Box 1) to determine the inclusion/exclusion criteria which are as follows: the 
participants were right-handed (according to the participants’ self-report) and table tennis beginners (they had no 
experience playing racket sports and did not follow any sport professionally). Participants were selected based on their 
responses to a questionnaire. This questionnaire assessed criteria such as having regular or corrected vision with glasses, 
not having a neurological disease, and not taking drugs affecting vision and attention. The exclusion criteria were 
insufficient sleep the previous night and lack of concentration during the experimental sessions. The participants signed 
informed consent forms before taking part in the study. This study was approved by the ethics review board at Shahid 
Beheshti University review board (REC.1400.209).

Implementation of the Exercise Protocol
The training protocol consisted of 8 sessions, each lasting 30 minutes.20 Each session was divided into three parts: 
10 minutes of warm-up exercises (Box 2), 15 minutes of designed training (table tennis forehand) specific to each group 
(Table 1), and 5 minutes of cool-down exercises (Box 2). The tasks involved different levels of cognitive difficulty. The 
executive attention mechanism was engaged in various ways, such as resolving conflicts when presented with distracting 
stimuli, maintaining and manipulating information in working memory,26 and managing performance across multiple 
tasks (eg, distributed attention; Memmert).27 To target these mechanisms, visual-spatial working memory training was 
incorporated using a ball-throwing device for the experimental groups.

Experimental groups: Participants in the experimental groups practiced sending balls to predetermined areas, with 
daily variations in ball speed and the number of balls thrown per minute (Figure 1). In fact, the structure of the training 
sessions was designed to gradually increase their difficulty, began with simple cognitive exercises, and moved towards 
more challenging homework designed to increase the cognitive task.

Box 1 Administered Self-Report Questionnaire

Name or password

Phone number

Date of birth

Superior hand

Do you practice table tennis regularly?

Do you have normal vision or do you use appropriate glasses if your eyes are weak?

Have you ever had a nervous illness and visited a doctor?

Have you ever used attention control medication?
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Box 2 Warm Up and Cool Down Exercises for Table Tennis

Warm up

2 minutes of jogging.

7 minutes of easy mobility drills (Stretching, High knees and butt kicks will prepare your leg muscles and joints, arm circles will warm up your arms 

and shoulders, doing lateral movement (with your knees bent) and carioca)
1 minute of jogging, then walking.

Cool Down
Stretching movements for the whole body

Table 1 Exercise Protocol

Groups Training 
Session

Low Difficulty Moderate Difficulty High Difficulty

1 ● Sending the ball to the forehead area 
and returning

● Frequency of balls
● Speed of the ball

● 2 distinct numbered 
areas

● 30 balls per minute
● 5 meters per second

● 2 distinct numbered 
areas

● 30 balls per minute
● 6 meters per second

● 2 distinct numbered 
areas

● 30 balls per minute
● 7 meters per second

2 ● 3 distinct numbered 

areas
● 30 balls per minute
● 5 meters per second

● 3 distinct numbered 

areas
● 30 balls per minute
● 7 meters per second

● 3 distinct numbered 

areas
● 40 balls per minute
● 8 meters per second

3 ● 4 distinct numbered 

areas
● 30 balls per minute
● 6 meters per second

● 4 distinct numbered 

areas
● 40 balls per minute
● 7 meters per second

● 4 distinct numbered 

areas
● 50 balls per minute
● 8 meters per second

4 ● 5 distinct numbered 
areas

● 30 balls per minute
● 6 meters per second

● 5 distinct numbered 
areas

● 40 balls per minute
● 8 meters per second

● 5 distinct numbered 
areas

● 50 balls per minute
● 9 meters per second

5 ● 6 distinct numbered 

areas
● 30 balls per minute
● 7 meters per second

● 6 distinct numbered 

areas
● 50 balls per minute
● 8 meters per second

● 6 distinct numbered 

areas
● 60 balls per minute
● 9 meters per second

6 ● 7 distinct numbered 
areas

● 30 balls per minute
● 7 meters per second

● 7 distinct numbered 
areas

● 50 balls per minute
● 9 meters per second

● 7 distinct numbered 
areas

● 60 balls per minute
● 10 meters 

per second

7 ● 3–7 distinct num

bered areas
● 40 balls per minute
● 7 meters per second

● 3–7 distinct num

bered areas
● 60 balls per minute
● 9 meters per second

● 3–7 distinct num

bered areas
● 70 balls per minute
● 11 meters 

per second

8 ● 3–7 distinct num

bered areas
● 50 balls per minute
● 5 meters per second

● 3–7 distinct num

bered areas
● 60 balls per minute
● 10 meters 

per second

● 3–7 distinct num

bered areas
● 70 balls per minute
● 12 meters 

per second
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Control Group: The control group performed the same structure of training (10 minutes of warm-up, 15 minutes of 
routine exercises, and 5 minutes of cool-down) but with a simpler task. They received 30 balls per minute at a speed of 
3 m•s⁻¹ aimed at the forearm area and returned the ball to the forehand area.

Data Collection
Participants were introduced to the research environment, software, and tasks upon arrival at the research site. After 
signing the informed consent forms, they underwent a familiarisation phase.

Pre-Test
During the pre-test phase, participants sat 50 cm away from a 14-inch monitor in a dark room.28 They completed the 
Attention Network Test (ANT) in four blocks over 20 minutes, using the index fingers of both hands to respond. 
Following a brief rest to eliminate any residual effects of the ANT test, participants completed the cognitive effort test. In 
this test, participants placed their index finger on the space bar and pressed it when the letter “X” appeared on the screen. 
Finally, they completed the working memory test.

Based on the average scores from the three attention networks, participants were divided into four homogeneous 
groups, following the principle of homogenisation, which states that all groups should have comparable attention network 
scores from the start. The groups were as follows: Executive control group with low difficulty (n=11), Executive control 
group with medium difficulty (n=10), Executive control group with high difficulty (n=11), and Control group (routine 
exercise, n=10).

Training Phase
In the acquisition phase, each group performed table tennis forehand exercises for 30 minutes per session, according to 
the training program, for a total of 8 sessions.

Post-Test
During the post-test phase, participants repeated the ANT test and the cognitive effort assessment, using the same 
procedures as in the pre-test.

Tasks and Tools
Attentional Network Test
Fan et al13 were behind the creation of the attentional network test (ANT), and the validity of its re-test was reported to 
be 0.87 (Figure 2). To take the attention network test, the participants sat in a dimly lit room 80 cm away from a 14-inch 

1

2

3

4

5

6

7

8

9

10

11

12

Table tennis robot

Figure 1 An example of a training plan.
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monitor in front of it. Participants were required to focus their eyes on the central crosshair (+) throughout the 
experiment.

The participant was instructed to observe five arrows displayed on the monitor. Participants were to use the left or 
right arrow key to indicate the direction shown by the central arrow. A “+” sign was positioned at the centre of the screen, 
and the arrows would appear only above or below the “+” sign. Participants were directed to look only at the “+” and not 
shift their eyes to the arrows during the test. Sometimes, one or two asterisks briefly appeared before the arrows. When 
the * appeared, the arrows would appear half a second later. If only one “*” appears and it is positioned above or below 
the “+”, it indicates the location where the arrows will appear. The task is to press the left or right arrow key to match the 
direction shown by the middle arrow. This test measures RT. Fast and error-free responses are important to us. There are 
four blocks of effort, with short rests in between, and the first block is intended for training and lasts for two minutes. 
During the training block, an error message will appear if you make an error. If it does not appear, you will know that you 
performed correctly. No feedback is provided on the results during the first two blocks. The results obtained are based on 
your performance in the last two blocks.

The efficiency of three attention networks is obtained based on the performance of individuals according to the 
following formula: Alerting = RT on no cue trials − RT on double cue trials, Orienting = RT on central cue trials − RT on 
spatial cue trials, Conflict = RT on incongruent trials − RT on congruent trial.

In examining the reliability of this test, Ishigami et al29 showed that all network scores were significantly reliable (r = 
0.29, 0.70, and 0.68, for alerting, orienting, and executive networks, respectively; p’s < 0.05).

Cognitive Effort Test
Continuous performance tests (cognitive effort assessment, CPT tests30) require the inhibition of unwanted responses and 
continuous monitoring of target responses. In this test, the person must move (pressing the key) in front of the target 
stimulus in a series of provided and non-target stimuli.

Spatial

DoubleCentral

+
*

No

*
+

*
*
*

*
+
*

*

+

+

+++

++

+

+

Fixation
Point
400-

1600ms

Cue
100ms

100 ms
SOA

400ms

Target 
1700ms

NeutralCongruentIncongruent

0ms

400ms

1600ms

1700ms

2100ms

3800ms

Figure 2 Attention network test plan. 
Notes: The * indicates the sign, the + symbol indicates fixation in the center of the screen, and → indicates the direction.
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The test generates the following data: the right answer to the target, the mean response time for correct answers, the 
wrong answer to the non-target, and the absence of a response to the target (deletion error). Visual stimuli were presented 
consecutively with a fixed time interval of 920 ms. Whenever the letter “X” (target) appeared, the subjects had to respond 
by pressing a lever and refrain from responding if any other letter appeared (CPT type X). In this test, two types of errors 
(elimination and commission) were measured.31 In Iran, the validity of this test has been reported between 0.59 and 
0.93.32

Black Corsi Software
The Black Corsi test33 was used to check working memory. This software is designed to include blocks with nine cubes 
that appear regularly on the monitor screen. At first, the person observes the number of cubes and the order of their 
appearance for a few seconds. The cubes are then hidden from the monitor and reappear. This time, one must remember 
the location of the cubes according to the order and click on them. All participants must do the first step correctly to get 
to the next steps. As the number of cubes in each level increases, the task’s difficulty also increases, so it becomes more 
difficult to remember the cubes’ location and order.

The validity and reliability of this test has been reported by the Veena Institute to be above 0.83. In Iran, Entezari, 
Abdoli, and Farsi34 reported its validity and reliability as 0.86 and 0.81, respectively.

TW2700-S9 Table Tennis Robot
This robot was manufactured in China. It has two machine heads and two spinning structures. The robot has advanced 
capabilities, including top and bottom spinning, self-programming, single or combined programs, and intelligent control 
modes. The device can throw 18 points on the table. Nine areas are directed backwards of the table, and 9 areas are 
directed at the front of the table. The sequence of throwing balls from this device is 30 to 100 throws per minute. The 
speed of throwing the ball from the device varies from 2 to 40 m · s−1. A standard table tennis table, 100 white 
tournament balls and a suitable racket were used.

Data Analysis
The researchers first used a one-way ANOVA to check for differences in attention network efficiency during the pre-tests. 
They confirmed that the data were normally distributed using the Shapiro–Wilk test before running a two-way repeated 
measures ANOVA. This analysis compared the performance of the high, moderate, low, and control groups performed on 
the assessments at both pre-test and post-test time points.

We used the Bonferroni post-hoc test to elucidate the differences within the groups. Statistical analysis was done 
using SPSS Statistics 26.0.0 software and drawing tables and graphs using Excel software. The researchers used Cohen’s 
guidelines to interpret the effect sizes. According to these guidelines (ηp2<0.06=small effect, 0.06≤ηp2<0.14 medium 
effect and ηp2≥0.14=large effect).35 They set the significance level at p ≤0.05.

Results
An ANOVA with repeated measures test was used to evaluate ANT. The results of the ANOVA with repeated measures of 
the warning attention network showed that the main effect of training time (pre-test and post-test, p=0.860) and the main 
effect of the interaction between groups (control, low difficulty, moderate difficulty, high difficulty, p=0.472) were not 
significant. The main effect of the group was significant (F(3,38)=3.393, p=0.028, ηp2=0.21, large effect).

There was a significant difference between the warning attention network in the four groups, in which we used the 
Bonferroni post-hoc test to clarify the difference between these conditions. These results show that the control group 
performed better than the moderate difficulty group in responding to the warning sign (Figure 3).

The results of variance analysis with repeated measures test of orientation attention network showed that the main 
effect of training time (pre-test and post-test, p=0.740), the main effect of group (p=0.710) and the main effect of 
interaction between groups and time exercise (p=0.504) were not significant. The results of ANOVA with repeated 
measures test of orientation attention network showed that the main effect of training time (pre-test and post-test), the 
main effect of group and the main effect of interaction between groups and time exercise (p=0.504) were not significant.
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The results of ANOVA with repeated measures test of the attention network of executive control showed that the main 
effect of group (p=0.897) and the main effect of interaction between groups and training time (p=0.684) were not 
significant, the main effect of training time was significant (F(1,38)=70.886, p=0.000, ηp2=0.65, large effect). In other 
words, there was a significant difference between the pre-test and the post-test of the executive control attention network 
in the four groups. Regardless of the type of training protocol (task difficulty), the present results showed that only the 
training effect improved the attentional network of executive control. The groups did not show a significant difference, so 
an optimal region could not be determined.

Figure 3 shows subjects’ performance in the four groups of control, low difficulty, moderate difficulty and high difficulty, 
on two occasions before and after the test in the three networks of alert attention, orientation and executive control.

Figure 3 shows that according to the average pre- and post-test scores, exercise affects executive control efficiency in 
all groups.

Cognitive Effort Measurement
ANOVA with repeated measures test was used to evaluate cognitive effort. The results of ANOVA with repeated 
measures of cognitive effort showed that the main effects of training time (p=0.637), group (p=0.993) and the interaction 
between groups and training time were not significant (p=0.212). Figure 4 shows subjects’ performance in four groups: 
control, low difficulty, moderate difficulty and high difficulty, two times, before and after the cognitive effort test.

Working Memory Measurement
The main effect of training time (pre-test vs post-test) was statistically significant (F(1,38)=6.818, p=0.013, ηp2=0.15, 
large effect). There was also a significant difference between the pre-test and post-test performance on the working 
memory measure across the four groups, in which we used the Bonferroni post hoc test to clarify the difference between 
these conditions. These results show that the number of correct answers to Black Corsi has improved in the post-test of 
all groups. Therefore, it can be concluded that the number of training sessions with different difficulty levels has 
improved working memory performance. These results show that the number of correct answers to Black Corsi has 
improved in the post-test of all groups. Regardless of the type of training protocol (task difficulty), the present results 
showed that only the training effect improved working memory. The group differences were not statistically significant, 
so a optimal region was not found. Additionally, neither the main effect of group (p=0.330) nor the interaction between 
group and training time (p=0.938) was significant. Figure 5 shows the performance of subjects in four groups of control, 
simple difficulty, medium difficulty and high difficulty, two times, before and after the test on working memory.
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Figure 3 Performance of the four experimental groups based on three networks: attention alert, orientation and executive control.
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Discussion
To influence the brain networks involved, we need to develop tailored training methods. One of the training methods is to train 
a particular attention network.36 Therefore, the present study investigated executive control exercises in groups with difficulty 
(low, moderate and high) and control over three attention networks (alertness, orientation and executive control) and cognitive 
effort. The results showed that the control group responded to the warning sign better than the moderate difficulty group. The 
results of our research supported the hypothesis of the superiority of endogenous attention (alert) over exogenous (orientation).

In the framework of the dual flexibility model, it was hypothesized that endogenous attention is important for task- 
related visual perceptual learning and exogenous attention is not important for task-related visual perceptual learning.
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This suggests that, compared to exogenous attention, endogenous attention is more influenced by task 
characteristics.37–39

In addition, the executive control network of attention improved in the post-test of all groups. In other words, only the 
exercise effect improved the attention network of executive control.

The training protocol, including task difficulty, did not impact the executive control attention network. The optimal 
region for this network was not identified. Research by Kleinberg et al40 and Beck et al41 has found that practicing 
working memory tasks can enhance attention networks, particularly the executive control network, in children with 
ADHD. Fathirezaei et al20 showed that cognitive training positively impacts the efficiency of the neural network.

This suggests that cognitive training enhances communication within brain networks and increases the brain’s flexibility in 
response to repetition and practice. As a result, cognitive training may have beneficial effects on various cognitive abilities, 
such as memory, attention, and perception, by engaging brain networks more extensively and facilitating synaptic commu
nication. Also, Hebb’s theory of simple synaptic connections states that practice and repetitive activities improve neural 
networks such as attention.20 Therefore, it can be said that the findings of this study are consistent with Hebb’s theory.

To check the cognitive effort, we used two software: cognitive effort and working memory. The results obtained from 
the cognitive effort software showed no difference between the training groups in the cognitive effort variable, and no 
significant progress was seen in the post-test of the training groups. Maybe this version of the cognitive effort tool was 
not the right choice for this research. However, the results obtained from the working memory software showed that only 
the effect of training improves working memory. The training protocol (task difficulty) did not affect working memory, 
and the optimal region was not found.

Kim et al42 found that participants performed better on working memory tasks with easier difficulty levels, demonstrating 
higher accuracy and shorter response times compared to more challenging tasks. However, the two stress conditions did not differ 
in memory accuracy. Soodmand Afshar and Tofighi43 found that for lower-intermediate language learners, more challenging 
tasks resulted in lower accuracy, but simpler tasks improved fluency. In contrast, for advanced learners, more complex tasks 
enhanced accuracy but reduced fluency. Our study did not support the results of studies by Kim et al42 and Soodmand Afshar and 
Tofighi.43 The inconsistency between the present study and Soodmand Afshar and Tofighi research is due to their focus on how 
task complexity affects intermediate and advanced Iranian language learners. Additionally, Kim et al study looked at how stress 
and task difficulty interact to impact the accuracy and reaction time of adolescents’ working memory performance.

Cognitive effort is an “attention-demanding” characteristic of the mental processes employed during task performance.44 It 
relies on working memory resources and is described as “mental work in decision making”.45 The cognitive effort has been 
linked to theories explaining both typical and atypical behaviors, as well as the physiological responses associated with 
engaging in challenging tasks.46 The information stored in this method is stored in “short-term memory” or “working 
memory”. When a high volume of information is required to be used, this process can be quite effortful or need attention.46

If a large amount of information is required to perform a task, then the attentional load is high, and the working 
memory must work hard to process the information. In these conditions, a performer will experience much cognitive 
effort (tasks with high difficulty). Suppose less information is required to perform the task. In that case, the attentional 
load is low, and less information is processed by working memory, and the performer will experience low levels of 
cognitive effort (low-difficulty tasks).45

The central idea behind challenge point theory is that the difficulty of a motor task varies depending on the performer’s 
skill level. Learning is related to performance-related information, which should be optimised along with the performance 
related to task difficulty to the performer’s skill level.1 Let us put it this way. Guadagnoli and Lee1 defined the concept of 
a challenge as the difference between performance and learning. Performance is good when the challenge is low (like blocked 
practice). As task difficulty gradually increases (through random practice), performance may initially decline. However, when 
considering the learning process, a different relationship emerges. When the task difficulty is very low, there is little learning, 
which is called the “comfortable” level. As the challenge starts to increase, that is when the learning process begins.

In this research, the main goal is to manipulate the executive control attention network at three different difficulty levels 
(simple, medium and high) to determine the framework of the challenge point. Although our research supported the concept of 
the challenge point for learning, no difference was found between the difficulty groups and the control group. This issue can be 
explained from two points. First, the number of our training sessions has been low. Our goal for this research was to practice 
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(cognitive training), for learning and finding, the optimal point of learning. According to Hodges and Lohse,21 the difficulty 
can change in the short term, perhaps due to fatigue or arousal, and in the long term, because of learning. Our impression is that 
because of the number of short and limited sessions and the lack of great difference between the training designs of the groups 
in this training, people could not completely use cognitive capabilities such as memory, attention and perception. Second, the 
difficulty entered needed to be more appropriate. According to Hodges and Lohse,21 depending on the training goals, training 
with high functional difficulty may sometimes be beneficial to optimise learning and improvement. In racket sports, in specific 
training periods, the practice with relatively less difficulty may be useful to reinforce successes, improve competence, and 
reduce the risk of injuries. In difficult situations, task performance relies mainly on limited inputs (bottom-up factors). As 
a result, adding more resources does not significantly improve performance, since the problem comes from the low 
discriminability of the stimuli, not their strength. In easier conditions, participants can complete tasks without needing extra 
resources, which means there is little room for stopping. Thus, the cognitive system likely allocates more resources to harder 
tasks, as the investment in these conditions yields better outcomes.47 In this study, while all intervention groups showed 
improvements in the executive control network, the difficult groups performed significantly better than the control group. The 
lack of difference between the difficulty groups could be due to the limited number of sessions, shorter training time, and the 
minimal differences in task difficulty among the groups. Executive functions are crucial for human behavior, helping us 
engage with our environment and participate in society. Giustino et al (2024) in a review article pointed out that in padel racket 
sports, the most common injuries among non-professionals occur in the elbow, followed by the shoulder and back.48 In 
contrast, the present study was conducted in the field of table tennis racket sports. This difference may be attributed to the 
specific movement patterns and technical characteristics of each sport. Padel sports exert significant stress on the upper body 
joints, particularly the elbows and shoulders, due to frequent and sudden movements. Additionally, twisting and stretching 
during shots can lead to back injuries. In contrast, while table tennis also requires quick movements and instantaneous 
reactions, the movement patterns and types of shots differ, potentially influencing the types and locations of injuries. Overall, 
understanding these differences can assist exercise program designers and coaches in optimizing injury prevention strategies 
tailored to the specific vulnerabilities of each discipline.

The challenge point framework in various fields, such as clinical,6,49 developmental18 and learning,9,45 was examined 
from a functional point of view.

The challenge framework is based on the idea that effortful practice and cognitive engagement, such as planning, memory, 
and information processing, are necessary for learning to occur.50 As mentioned in the study of Maurer and Roebers,19 one 
way to increase cognitive and attentional demands in time-limited team sports is to challenge players’ working memory 
through exercises that require them to quickly process and respond to information. Based on this, the designed program of this 
study involves attentional networks of executive control by increasing the speed and number of ball throws in table tennis play. 
In the future research, researchers can examine other skills that need attention and recognition.

Limitations
Many factors affecting perceptual-cognitive indexes, including caffeine and playing computer games, were not investi
gated in this study.

Conclusions
The current research showed that the challenge point theory includes cognitive needs and performance. We applied 
different levels of task difficulty in ANT and cognitive effort. The training protocol of cognitive difficulty task difficulty 
in the present study did not find the optimal learning region.

Institutional Review Board Statement
The study was reviewed and approved by the Ethics Committee for Biological Research at Shahid Beheshti University in 
Tehran, Iran, in accordance with the principles of the Declaration of Helsinki (Protocol code: REC.1400.209).

Data Sharing Statement
The data from this study are available from the first author upon reasonable request (mahya.mohamadtaghi@yahoo.com).

Journal of Multidisciplinary Healthcare 2025:18                                                                                 https://doi.org/10.2147/JMDH.S472671                                                                                                                                                                                                                                                                                                                                                                                                    417

Taghi et al

Powered by TCPDF (www.tcpdf.org)



Informed Consent Statement
All participants provided informed consent to take part in the study.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This research received no external funding.

Disclosure
The authors declare no conflict of interest.

References
1. Guadagnoli MA, Lee TD. Challenge point: a framework for conceptualizing the effects of various practice conditions in motor learning. J Motor 

Behav. 2004;36(2):212–224. doi:10.3200/JMBR.36.2.212-224
2. Bootsma JM, Caljouw SR, Veldman MP, Maurits NM, Rothwell JC, Hortobagyi T. Failure to engage neural plasticity through practice of a high-difficulty 

task is accompanied by reduced motor skill retention in older adults. Neuroscience. 2020;451:22–35. doi:10.1016/j.neuroscience.2020.10.013
3. Broadbent DP, Causer J, Williams AM, Ford PR. Perceptual-cognitive skill training and its transfer to expert performance in the field: future 

research directions. Eur J Sport Sci. 2015;15(4):322–331. doi:10.1080/17461391.2014.957727
4. Sanli EA, Lee TD. Nominal and functional task difficulty in skill acquisition: effects on performance in two tests of transfer. Hum Mov Sci. 

2015;41:218–229. doi:10.1016/j.humov.2015.03.006
5. Akizuki K, Ohashi Y. Measurement of functional task difficulty during motor learning: what level of difficulty corresponds to the optimal challenge 

point? Hum Mov Sci. 2015;43:107–117. doi:10.1016/j.humov.2015.07.007
6. Raisbeck L, Yamada M, Diekfuss J, Kuznetsov N. The effects of attentional focus instructions and task difficulty in a paced fine motor skill. 

J Motor Behav. 2020;52(3):262–270. doi:10.1080/00222895.2019.1614900
7. Ong NT, Lohse KR, Hodges NJ. Manipulating target size influences perceptions of success when learning a dart-throwing skill but does not impact 

retention. Front Psychol. 2015;6:1378. doi:10.3389/fpsyg.2015.01378
8. Elghoul Y, Bahri F, Trabelsi K, et al. Optimizing motor learning: difficulty manipulation combined with feedback-frequency enhance under-time- 

pressure fine-motor-coordination skill acquisition and retention. J Motor Behav. 2022;54(4):490–502. doi:10.1080/00222895.2021.2016573
9. Guadagnoli M, Lindquist K. Challenge point framework and efficient learning of golf. Int J Sports Sci Coach. 2007;2(1_suppl):185–197. 

doi:10.1260/174795407789705505
10. Krakauer JW, Hadjiosif AM, Xu J, Wong AL, Haith AM. Motor learning. Compr Physiol. 2019;9(2):613–663.
11. Yoo K, Rosenberg MD, Kwon YH, et al. A brain-based universal measure of attention: predicting task-general and task-specific attention 

performance and their underlying neural mechanisms from task and resting state fMRI. bioRxiv 2021. 2021;13.431091.
12. Eriksen BA, Eriksen CW. Effects of noise letters upon the identification of a target letter in a nonsearch task. Percept Psychophysics. 1974;16 

(1):143–149. doi:10.3758/BF03203267
13. Fan J, McCandliss BD, Sommer T, Raz A, Posner MI. Testing the efficiency and independence of attentional networks. J Cognitive Neurosci. 

2002;14(3):340–347. doi:10.1162/089892902317361886
14. Fan J, McCandliss BD, Fossella J, Flombaum JI, Posner MI. The activation of attentional networks. Neuroimage. 2005;26(2):471–479. 

doi:10.1016/j.neuroimage.2005.02.004
15. Posner MI. Cognitive Neuroscience of Attention. Guilford Press; 2012.
16. Posner MI, Rothbart MK. Research on attention networks as a model for the integration of psychological science. Annu Rev Psychol. 2007;58 

(1):1–23. doi:10.1146/annurev.psych.58.110405.085516
17. Wang B, Guo W, Zhou C. Selective enhancement of attentional networks in college table tennis athletes: a preliminary investigation. PeerJ. 2016;4: 

e2762. doi:10.7717/peerj.2762
18. Fumagalli GF, Tortella P, Coppola R, Sgrò F. Physical or emotional scaffolding in a difficult motor task: what is better with 5-year-old children? 2020.
19. Maurer MN, Roebers CM. Towards a better understanding of the association between motor skills and executive functions in 5-to 6-year-olds: the 

impact of motor task difficulty. Hum Mov Sci. 2019;66:607–620. doi:10.1016/j.humov.2019.06.010
20. Fathirezaie Z, Farsi A, Mousavi MKV. Impact of cognitive training on efficiency of the executive control network of attention on the table tennis 

players. Int J Sport Studies. 2014;4(11):1359–1366.
21. Hodges NJ, Lohse KR. An extended challenge-based framework for practice design in sports coaching. J Sports Sci. 2022;40(7):754–768. 

doi:10.1080/02640414.2021.2015917
22. Jalalvand M, Bahram A, Daneshfar A, Arsham S. The effect of gradual self-control of task difficulty and feedback on learning golf putting. Res 

Q Exerc Sport. 2019;90(4):429–439. doi:10.1080/02701367.2019.1612510
23. Abdollahipour R, Psotta R, Palomo Nieto M, Rouzbahani M, Nikdast H, Bahram A. Effects of attentional focus instructions on the learning of 

a target task: a moderation role of visual feedback. Kinesiology. 2014;46(2):210–217.

https://doi.org/10.2147/JMDH.S472671                                                                                                                                                                                                                                                                                                                                                                                                                                             Journal of Multidisciplinary Healthcare 2025:18 418

Taghi et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3200/JMBR.36.2.212-224
https://doi.org/10.1016/j.neuroscience.2020.10.013
https://doi.org/10.1080/17461391.2014.957727
https://doi.org/10.1016/j.humov.2015.03.006
https://doi.org/10.1016/j.humov.2015.07.007
https://doi.org/10.1080/00222895.2019.1614900
https://doi.org/10.3389/fpsyg.2015.01378
https://doi.org/10.1080/00222895.2021.2016573
https://doi.org/10.1260/174795407789705505
https://doi.org/10.3758/BF03203267
https://doi.org/10.1162/089892902317361886
https://doi.org/10.1016/j.neuroimage.2005.02.004
https://doi.org/10.1146/annurev.psych.58.110405.085516
https://doi.org/10.7717/peerj.2762
https://doi.org/10.1016/j.humov.2019.06.010
https://doi.org/10.1080/02640414.2021.2015917
https://doi.org/10.1080/02701367.2019.1612510


24. Frikha M, Alharbi RS. Optimizing fine motor coordination, selective attention and reaction time in children: effect of combined accuracy exercises 
and visual art activities. Children. 2023;10(5):786. doi:10.3390/children10050786

25. Faul F, Erdfelder E, Lang A-G, Buchner A. G* Power 3: a flexible statistical power analysis program for the social, behavioral, and biomedical 
sciences. Behav Res Methods. 2007;39(2):175–191. doi:10.3758/BF03193146

26. Kane MJ, Engle RW. The role of prefrontal cortex in working-memory capacity, executive attention, and general fluid intelligence: an 
individual-differences perspective. Psychonomic Bull Rev. 2002;9(4):637–671.

27. Memmert D. Pay attention! A review of visual attentional expertise in sport. Int Rev Sport Exercise Psychol. 2009;2(2):119–138. doi:10.1080/ 
17509840802641372

28. Kasper RW, Elliott JC, Giesbrecht B. Multiple measures of visual attention predict novice motor skill performance when attention is focused 
externally. Hum Mov Sci. 2012;31(5):1161–1174. doi:10.1016/j.humov.2011.11.005

29. Ishigami Y, Eskes GA, Tyndall AV, Longman RS, Drogos LL, Poulin MJ. The Attention Network Test-Interaction (ANT-I): reliability and validity 
in healthy older adults. Exp Brain Res. 2016;234:815–827. doi:10.1007/s00221-015-4493-4

30. Rosvold HE, Mirsky AF, Sarason I, Bransome Jr ED, Beck LH. A continuous performance test of brain damage. J Consult Psychol. 1956;20 
(5):343. doi:10.1037/h0043220

31. Corkum PV, Siegel LS. Is the continuous performance task a valuable research tool for use with children with attention-deficit-hyperactivity 
disorder? J Child Psychol Psychiatry. 1993;34(7):1217–1239. doi:10.1111/j.1469-7610.1993.tb01784.x

32. Hadian Fard Habib NB, Shekarkan H, Mehrabizadeh AM. Preparation and construction of the Persian form of continuous performance test. Sports 
psychol. 2001.

33. Kessels RP, van Den Berg E, Ruis C, Brands AM. The backward span of the Corsi Block-Tapping Task and its association with the WAIS-III Digit 
Span. Assessment. 2008;15(4):426–434. doi:10.1177/1073191108315611

34. Entezari M, Abdoli B, Farsi A. The effect of manipulation activity of vestibular system on the visual spatial memory of hyperactive children with 
attention deficit. J Paramed Sci Rehab. 2021;10(1):46–57.

35. Cohen J. Statistical Power Analysis for the Behavioral Sciences. Routledge; 2013.
36. Petersen SE, Posner MI. The attention system of the human brain: 20 years after. Ann Rev Neurosci. 2012;35(1):73–89. doi:10.1146/annurev-neuro 

-062111-150525
37. Erickson LC, Thiessen ED, Godwin KE, Dickerson JP, Fisher AV. Endogenously and exogenously driven selective sustained attention: contribu

tions to learning in kindergarten children. J Exp Child Psychol. 2015;138:126–134. doi:10.1016/j.jecp.2015.04.011
38. Nguyen KN, Watanabe T, Andersen GJ. Role of endogenous and exogenous attention in task-relevant visual perceptual learning. PLoS One. 

2020;15(8):e0237912. doi:10.1371/journal.pone.0237912
39. Tang X, Tong J, Yu H, Wang A. Effects of endogenous spatial attention and exogenous spatial attention on multisensory integration. Acta 

Psychologica Sinica. 2021;53(11):1173. doi:10.3724/SP.J.1041.2021.01173
40. Klingberg T, Fernell E, Olesen PJ, et al. Computerized training of working memory in children with ADHD-a randomized, controlled trial. J Am 

Acad Child Adolesc Psychiatry. 2005;44(2):177–186. doi:10.1097/00004583-200502000-00010
41. Beck SJ, Hanson CA, Puffenberger SS, Benninger KL, Benninger WB. A controlled trial of working memory training for children and adolescents 

with ADHD. J Clin Child Adolesc Psychol. 2010;39(6):825–836. doi:10.1080/15374416.2010.517162
42. Kim Y, Woo J, Woo M. Effects of stress and task difficulty on working memory and cortical networking. Percept Mot Skills. 2017;124 

(6):1194–1210. doi:10.1177/0031512517732851
43. Afshar H, Tofighi S. The role of task complexity and working memory capacity in L2 accuracy and fluency. J English Lang Teach Learn. 2021;13 

(27):389–416.
44. Tyler SW, Hertel PT, McCallum MC, Ellis HC. Cognitive effort and memory. J Exp Psychol. 1979;5(6):607.
45. Rendell MA. Cognitive Effort in Contextual Interference and Implicit Motor Learning. Victoria University; 2010.
46. Westbrook A, Braver T. Cognitive effort: a neuroeconomic approach. Cogn Affect Behav Neurosci. 2015;15:395–415. doi:10.3758/s13415-015-0334-y
47. van Geest C, Engelbregt H. The use of the Eriksen Flanker Task as training instrument for cognitive control in inhibition disorder. Appl Neurosci 

Mental Health. 2022;2(1):2–7. doi:10.31739/ANAMH.2022.2.2
48. Giustino V, Figlioli F, Patti A, et al. Injuries in Padel players: what is known? A scoping review. Int J Sports Sci Coach. 2024;19(3):1286–1295. 

doi:10.1177/17479541231191739
49. Pollock CL, Boyd LA, Hunt MA, Garland SJ. Use of the challenge point framework to guide motor learning of stepping reactions for improved 

balance control in people with stroke: a case series. Phys Ther. 2014;94(4):562–570. doi:10.2522/ptj.20130046
50. Lee TD, Swinnen SP, Serrien DJ. Cognitive effort and motor learning. Quest. 1994;46(3):328–344. doi:10.1080/00336297.1994.10484130

Journal of Multidisciplinary Healthcare                                                                                       

Publish your work in this journal 
The Journal of Multidisciplinary Healthcare is an international, peer-reviewed open-access journal that aims to represent and publish research in 
healthcare areas delivered by practitioners of different disciplines. This includes studies and reviews conducted by multidisciplinary teams as well 
as research which evaluates the results or conduct of such teams or healthcare processes in general. The journal covers a very wide range of areas 
and welcomes submissions from practitioners at all levels, from all over the world. The manuscript management system is completely online and 
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-multidisciplinary-healthcare-journal

Journal of Multidisciplinary Healthcare 2025:18                                                                                         419

Taghi et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3390/children10050786
https://doi.org/10.3758/BF03193146
https://doi.org/10.1080/17509840802641372
https://doi.org/10.1080/17509840802641372
https://doi.org/10.1016/j.humov.2011.11.005
https://doi.org/10.1007/s00221-015-4493-4
https://doi.org/10.1037/h0043220
https://doi.org/10.1111/j.1469-7610.1993.tb01784.x
https://doi.org/10.1177/1073191108315611
https://doi.org/10.1146/annurev-neuro-062111-150525
https://doi.org/10.1146/annurev-neuro-062111-150525
https://doi.org/10.1016/j.jecp.2015.04.011
https://doi.org/10.1371/journal.pone.0237912
https://doi.org/10.3724/SP.J.1041.2021.01173
https://doi.org/10.1097/00004583-200502000-00010
https://doi.org/10.1080/15374416.2010.517162
https://doi.org/10.1177/0031512517732851
https://doi.org/10.3758/s13415-015-0334-y
https://doi.org/10.31739/ANAMH.2022.2.2
https://doi.org/10.1177/17479541231191739
https://doi.org/10.2522/ptj.20130046
https://doi.org/10.1080/00336297.1994.10484130
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Participants
	Implementation of the Exercise Protocol
	Data Collection
	Pre-Test
	Training Phase
	Post-Test

	Tasks and Tools
	Attentional Network Test
	Cognitive Effort Test
	Black Corsi Software
	TW2700-S9 Table Tennis Robot

	Data Analysis

	Results
	Cognitive Effort Measurement
	Working Memory Measurement

	Discussion
	Limitations
	Conclusions
	Institutional Review Board Statement
	Data Sharing Statement
	Informed Consent Statement
	Author Contributions
	Funding
	Disclosure

