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Beach balls: Assessing frustration tolerance in young children using a 
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Animal Behavior and Neuroscience Lab, Department of Experimental Psychology, Universidad de Sevilla, Spain   

A R T I C L E  I N F O   

Keywords: 
Frustration tolerance 
Childhood 
Visual perception 
Visual discrimination 
Reaction time 
Computerized task 

A B S T R A C T   

Frustration tolerance is a skill related to emotional regulation processes and is important insofar as it affects 
people's social relationships and even health. Low levels of frustration tolerance in children have been associated 
with a greater number of externalizing symptoms such as aggression or anger. Despite its importance, there are a 
limited number of tasks that attempt to evaluate this construct objectively. Therefore, the aim of our work was 
the design of a computerized task, programmed as a videogame in order to assess frustration tolerance in 
children from 6 to 10 years old. The results obtained showed that the test had a good internal consistency and 
could be useful as an objective measure of frustration tolerance in children. In line with the literature, our data 
have shown no influence of gender or laterality of participants during the task and only 7% of the frustration 
measure could be explained by the influence of participants' age. On the other hand, the performance of the 
participants during the task has allowed us to classify them into six groups according to their performance, 
namely Low/High Frustration, Low/High Performance and Low/High Reaction Time. This test would permit to 
compare participants' performance with their reference group but also with their own results, facilitating the 
obtention of an objective assessment of frustration tolerance in young children.   

1. Introduction 

Missing public transportation on the way to the office, forgetting 
something essential or arriving late to a meeting are situations that can 
generate emotions related to frustration. Frustration can arise in any 
situation where our goals are compromised or not achieved and may 
significantly influence our subsequent behavior, negatively affecting our 
performance. There are many definitions of the phenomenon of frus-
tration and its tolerance. The classic definition indicates that frustration 
is a temporary state that occurs when a response is not reinforced in 
presence of reinforcement expectations. Motivation or the desire to 
achieve a goal affects the level of frustration and this frustration, in turn, 
affects the behavior that follows (Amsel, 1992). In line with the classical 
definition, frustration is also defined as emotional and behavioral re-
sponses associated with blocked goal attainment (Leibenluft, 2011), as 
unexpected lack of reinforcement (Papini et al., 2019), or as goal- 
directed activities that are blocked (Yu et al., 2014). 

Frustration, as a process dependent on emotional regulation, is 
related to vital aspects of people's lives such as health and social re-
lationships (Yu et al., 2014) and can predict the outcome of future 

externalizing psychological symptoms (Jeronimus et al., 2017), 
increasing anger or aggression responses. Frustration intolerance has 
been strongly associated with anger and aggressive behavior in children 
and adolescents (Fives et al., 2011), as well as increased potential for 
child physical abuse (Rodríguez et al., 2015). In fact, in current models 
of aggression, frustration might work as a possible trigger for anger and 
aggression (Berkowitz, 2012). 

When assessing frustration, irritability is considered an expression of 
frustrating lack of reward and in this regard, children with high levels of 
irritability commonly display increased levels of self-reported frustra-
tion (Seymour et al., 2020). Irritable children facing frustrating tasks 
might have difficulties using emotion-regulation strategies to shift their 
attention to useful stimuli (Deveney et al., 2013), being an essential 
competence in relation to emotional regulation processes (Tseng et al., 
2017). In fact, frustration seems to diminish the attention flexibility, 
especially in severe irritability children, which may affect their 
emotional regulation processes (Deveney et al., 2013). In this regard, 
cognitive control is also considered crucial for emotional regulation 
processes (Posner & Rothbart, 2000) and its relationship with frustra-
tion has been studied for more than 40 years (Weiner & Adams, 1974). 
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Low levels of cognitive control may result in maladaptive behavioral 
responses, which could increase negative affect and reversely, frustra-
tion might impact negatively in cognitive control as well (Seymour et al., 
2020). Data from Functional Near-Infrared Spectroscopy (fNIRS) sup-
port this idea, showing frustration could be related to both, impulse 
control and emotion-regulation processes, where a frustrating task dis-
played higher activity in areas related to cognitive appraisal, impulse 
control and emotion regulation processes (Ihme et al., 2018). 

The relationship between cognitive development, gender and frus-
tration tolerance is controversial. A few years ago, Oliva et al. (2011) 
adapted one of the most used questionnaires for emotional skills 
assessment, the Emotional Quotient Inventory (EQ-i, YV), originally 
developed by Bar-On and Parker (BarOn & Parker, 2001). In the scales 
reported for students aged 12–17, there were no significant differences 
due to age in frustration tolerance. Similarly, Deater-Deckard, Petrill, & 
Thompson (2007) found no significant differences in frustration toler-
ance among preschoolers aged four to eight years, either regarding age 
or gender. In addition, a general neuropsychological assessment made 
by Sebastian (2013) with a battery of neuropsychological and behav-
ioral tests in 90 Psychology students did not report any significant 
gender differences for frustration tolerance levels either. Nevertheless, 
Seymour et al. (2020) did find differences between boys and girls using a 
go/no go frustration tolerance task. In this task boys showed higher 
levels of frustration than girls F (1,103) = 4.09; p = .046; d = 0.44, 
although they found no differences according to the age of the 
participants. 

Low frustration tolerance is commonly present in the depressed 
population, causing them difficulties in social environments and 
increasing the risk of suicide in these patients (Korzenev et al., 2012). 
Similarly, people with high levels of anxiety demonstrated higher frus-
tration scores when measured by questionnaires (Netter et al., 2014). 
Low frustration tolerance is a common behavioral characteristic among 
people with brain damage (Johnstone & Stonnington, 2009). It is pre-
sent in patients with borderline personality disorder (Reich & Zanarini, 
2001) and patients with substance use disorders (Ramirez-Castillo et al., 
2019). In children with pediatric bipolar disorder, irritability and frus-
tration are considered one of the most impairing symptoms of the con-
dition (Carlson et al., 2003). In addition, ADHD is one of the disorders 
where tolerance to frustration is usually compromised. Anastopoulos 
et al. (2011) found that only 15% of participants with typical develop-
ment showed high levels of emotional dysregulation, while up to 50% of 
people with ADHD showed this characteristic, concluding that it could 
be a key part of the disorder. In fact, the emotional regulation deficits of 
individuals with ADHD usually cause a low ability to tolerate frustration 
(Brown, 2013; Maedgen & Carlson, 2000). A study of 8- to 17-year-old 
children diagnosed with ADHD (Seymour et al., 2019) observed that 
when faced with a frustrating task, ADHD participants show less frus-
tration tolerance, tending to drop out of the task earlier than typically 
developing participants. Looking for differences between subtypes, 
Flores (2009) analyzed a sample of participants with ADHD diagnosed, 
reporting that up to 35% of hyperactive-impulsive subtype and the 17% 
of inattentive subtype showed lower levels of frustration tolerance than 
control participants. 

Nowadays, evaluation of frustration tolerance is usually carried out 
through standardized psychological tests, behavior scales and self-report 
questionnaires. Although there are good standardized measures for 
assessing this construct, such as the Frustration Discomfort Scale (Har-
rington, 2005), the Basic Psychological Needs Satisfaction and Frustra-
tion Scale BPNSFS (Chen et al., 2015), or the EQ-i, YV mentioned above 
(BarOn & Parker, 2001), few of these measures are suitable for youth 
(Trip & Bora, 2012) and less even for young children. On the other hand, 
although some computerized tests have been constructed to assess 
frustration with good results in adults (McElroy & Rodriguez, 2008) or 
young adults (Moreno et al., 2000), the presence of computerized neu-
ropsychological tests to evaluate frustration tolerance in healthy chil-
dren are scarce. For example, Tseng et al. (2017) tested the reliability 

and validity of a task to measure frustration in healthy children, but in 
older children (from 9 to 14 years old). Therefore, the main objective of 
the present study was to create a measurement tool of frustration 
tolerance to be used in school-age children. In this regard, we developed 
a computerized task that tries to induce frustration in the participants 
and after that, we analyzed its psychometric properties and suitability 
for the studied construct. For task design, we assumed frustration as the 
subjective emotion of dislike associated with high levels of effort and 
low levels of success in a task (Perlman et al., 2014). Many frustration 
tasks try to measure tolerance to frustration in humans by giving false 
feedback or making the task unsolvable. In our case, we decided to do it 
by restricting the possibilities of reinforcement to the minimum possible 
in order to minimize the possibilities of a learned helplessness effect. 

Our test is designed for use in children aged 6–10 years because they 
are at a crucial time in their psychological development and it could 
provide an objective measure of a child's frustration tolerance levels. If 
this is true, the task should be useful to produce frustration in the par-
ticipants, who would reduce their overall performance in Set 3, despite 
being identical to set 1. Additionally, this reduction should be largely 
explained by performance in Set 2 and beyond a fatigue effect during the 
task. Furthermore, we do not expect differences in frustration levels 
influenced by participants' age, nor influences of gender or manual 
preference. Finally, we expect participants with higher frustration scores 
will show higher reaction times and lower general performance. The 
paucity of objective measures, especially for children, may render our 
task potentially useful for the study of phenotypes and endophenotypes 
of those disorders in which tolerance to frustration is impaired 
(Jiménez-Soto et al., 2020; Vargas et al., 2016). 

2. Materials and methods 

2.1. Participants 

A total of 160 children were evaluated. From the original sample of 
180 participants, we eliminated 3 participants who did not complete the 
task properly, 8 participants for being diagnosed or in the evaluation 
process for any psychological condition, and 9 participants for being 
identified as outliers according to the Mahalanobis distance analysis. 
From the final sample (n = 160), there were 81 males and 79 females, 14 
left-handed and 164 right-handed. Table 1 shows the demographic 
characteristics of the sample. 

The participants were recruited from a collaborating Primary School 
at Seville in Spain. The groups were composed of 23 participants from 
1st Grade (6 years old mean), 14 from 2nd Grade (7 years old mean), 41 
from 3rd Grade (8 years old mean), 46 from 4th Grade (9 years old 
mean) and 36 from 5th Grade (10 years old mean). All participants had 
to provide informed consent signed by their parents to participate in the 
study. To carry out this study we have the approval of the Biomedical 
Research Ethics Coordinating Committee de Andalucía, Junta de 
Andalucía (Spain) with the code (1221-N-17). 

2.2. Experimental task 

The task used to evaluate frustration tolerance in this study was 
named the Beach Balls Task. Our task is based on the work carried out by 

Table 1 
Sample demographic characteristics.  

Grade (mean age) 1st (6 
years 
old) 

2nd 
(years 
old) 

3rd (8 
years old) 

4th (9 
years old) 

5th (10 
years old) 

Gender Fa M F M F M F M F M 

Right-handed  9  12  9  5  21  16  19  22  19  14 
Left-handed  0  2  0  0  0  4  1  4  1  2  

a Abbreviations: F: female. M: male. 
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Moreno et al. (2000) to evaluate frustration using a computerized task 
and has been developed using JAVA JDK to ease its portability between 
operating systems. 

The test was designed to be as simple as possible so children would 
be able to understand it easily. Sets of four beach balls of different sizes 
are successively shown in the central part of the screen. The goal of the 
task was to click with the mouse on the smallest ball in each group 
within the five-second time interval each trial lasts. The appearance of 
the task is shown in Fig. 1. 

The time required in each trial was shown at the top of the screen, 
where a descending bar getting shorter indicated the remaining time to 
respond. The corresponding feedback was given after each trial in a 
counter at the bottom of the screen, where the hits (in green) and errors/ 
omissions (in red) were also displayed. 

All the instructions were shown on the screen at the beginning of the 
task to avoid possible influences by the administrator. The instructions 
displayed on the screen were: “Select with the mouse the smallest ball in 
each group. You can see your hits and errors on the screen. Try to be 
quick because you only have five seconds to respond”. Underneath the 
instructions, the app showed a button with the inscription “Understood” 
and when it was clicked a cross on the central part of the screen 
appeared. At the bottom, a button with the message “Start” allowed the 
task begins when it was clicked. 

The task “Beach Balls” has a total of 80 trials of five second duration 
divided into three sets. Sets 1 and 3 are identical, having the same 
number of trials in which the balls appear, same order and position in 
each trial. Set 1 and Set 3 included 20 trials with a difference of 5% 
between ball sizes. In contrast, Set 2 had 40 trials and was the one trying 
to produce frustration in participants. To achieve it, we made the dif-
ferences between ball sizes smaller, maintaining the five-second limi-
tation to the response. In this set, the beach balls had only a difference of 
2% in their sizes, which makes the discrimination between these groups 
more complicated. Due to the limited response time and the minimal 
difference between the ball sizes in this set, we tried to induce a state of 
frustration in the participants in order to affect their performance during 
the task. 

When a participant completed the task, the screen turned to black 
and appeared a button with the inscription “End” to finish and exit. The 
program recorded the percentage size of each ball, which one was the 

smaller, the ball chosen, the response latency and if the response was 
correct, incorrect or an omission for every trial. For each session, we had 
information about the total number of hits, errors and omissions of the 
participant during the task as well as the total time required to complete 
it. 

By analyzing the detailed performance of the participants between 
sets one and three we were able to check if frustration has occurred 
during the task. Since Set 1 and Set 3 were exactly the same, being the 
trials and items identical in both sets if a participant performs better in 
Set 1, we understood that was because of the influence of Set 2, or 
frustrating set, which has had an impact on participants subsequent 
behavior. If participants performed better in Set 3, we concluded there 
was a good level of frustration tolerance, which makes Set 2 unable to 
affect negatively to the task performance. 

In order to assess frustration and the psychometrical properties of the 
task, we have calculated a set of new variables from the original ones. 
On the one hand, these variables are the sum of hits, errors, omissions 
and latencies of each set and the total sum of hits, errors, omissions and 
latencies for the complete task. We called them summation scores. On 
the other hand, these variables permitted us to calculate the indexes that 
comprised the overall performance of a participant in each set. 

To calculate the performance index of each set, we subtracted the 
number of errors and omissions from the number of hits during the set, 
thus we have an index for each set of trials and a General Performance 
Index for the complete task. These indexes allowed us to explore the 
performance of participants globally during the different sets and to 
facilitate their subsequent understanding. Comparing the indexes of Set 
1 (Index 1) and Set 3 (Index 3) we were able to check if frustration has 
occurred. It served as a Frustration Index. The final Frustration Index 
was the result of subtracting Index 1 from Index 3. Negative values in 
this variable showed a decrease in task efficiency after Set 2, so frus-
tration might be assumed. 

2.3. Procedure 

This research has followed the parameters of the CODE OF ETHICS 
OF THE WORLD MEDICAL ASSOCIATION. DECLARATION OF HEL-
SINKI and has approval of the ethics committee of the Consejería de 
Igualdad, Salud y Asuntos Sociales from Junta de Andalucía, Spain. The 

Fig. 1. Appearance of the task on screen. The upper bar shows response time and the lower bar shows hits (green) and errors (red). (For interpretation of the 
references to color in this figure legend, the reader is referred to the web version of this article.) 
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data collection was carried out in the IT room of the collaborating 
School. The room was equipped with five computers of identical prop-
erties and participants were evaluated in groups of five. Tests were done 
from 09.00 am to 13.00 am. and we used the software IBM SPSS Sta-
tistics 26 for data analysis. All participants provided informed consent, 
signed by their fathers, mothers or legal guardians to participate in the 
research. At the end of the task, participants were informed of the task 
objective and the measure we were trying to obtain trying to induce 
frustration through Set 2. 

3. Results 

For the analysis of the psychometric properties of the task, and given 
that the test trial scores were dichotomous (correct/incorrect), we 
calculated reliability using the Kuder-Richardson test (KR20) which 
yielded a reliability index of 0.870, a score considered to be a good in-
dicator of the internal consistency of the test. To evaluate the content 
validity of the instrument, six collaborating judges participated. They 
independently scored the characteristics of the test regarding the 
construct we were trying to measure and its suitability to the application 
context. The group of judges was composed of three research Professors 
of the Degree and Postgraduate course in Psychology, a psychologist 
specialized in ADHD, a Developmental Psychologist and a Child 
Neuropsychologist. The judges agreed to give the maximum adjustment 
score on this test for its final version concerning: the aim of the task, 
trials length, task length, distribution of sets and the frustration 
measure. 

In addition to the validity evaluation conducted by the team of 
judges, we wanted to test the effectiveness of the task to produce frus-
tration in the participants. With this aim, we analyzed the means of the 
performance rates through the t statistic, which showed significant dif-
ferences between the scores of Set 1 and Set 3 (t (159) = 44,161; p <
.000) despite being identical. The Index 1 (M = 16.64; SD = 4.766), 
Index 2 (M = 8.31; SD = 11.23) and Index 3 (M = 14.79; SD = 6.08) 
scores indicated that participants in general reduced their effectiveness 
during the task, obtaining worse scores during Set 3, after having 
concluded the frustration set. 

To see if reduced effectiveness found in Set 3 could be due to frus-
tration generated by the task, we also analyzed the linear relationship 
between the performance of the participants in Set 2 and the perfor-
mance of Set 3 through Pearson's correlation analysis (r = 0.625; p <
.000). The effect size was large (r2 = 0.391; p < .000), indicating that the 
influence of Set 2 on Set 3 was high and could explain up to 39% of the 

variability found in the data. In Fig. 2, can be observed linear relation-
ship between these variables, where it can be seen that the better per-
formance in the set of frustration, the better results during the final set of 
the task. 

In order to discard the possible influence of fatigue during the task, 
that is, if the performance decrease depends on the tiredness, we divided 
Set 3 into two halves subsets of ten trials each. Then, we compared the 
mean performance within these subsets verifying there were significant 
differences between performance subsets (t (159) = 73,155; p = .000), 
with an advantage for the second half (M = 8.99; SD = 1.554) in com-
parison to the first (M = 8.41; SD = 1.861). These results suggest that 
fatigue had no significant influence during the development of the test 
since the overall performance was significantly better in the last subset 
of the task. 

To analyze these results in more depth, we divided participants into a 
Frustrated group (those with a negative Frustration Index score) and a 
Non-Frustrated group (those with a Frustration Index score equal to or 
greater than 0). The distribution of participants into the Frustrated 
group and the Non-frustrated group was similar. From the total of 160 
subjects, 81 obtained negative scores on the Frustration Index and 79 
obtained scores equal to or greater than 0. 

Using this distribution, we observe that results are similar to the 
overall sample, with both groups scoring better in the second half of Set 
3. Frustrated group (M = 7.60; SD = 2.010) for the first subset and (M =
8.51; SD = 1.762) for the second subset and Non-Frustrated group (M =
9.23; SD = 1.250) for the first subset and (M = 9.48; SD = 1.119) for the 
second set. These results might confirm that fatigue during the task was 
not a decisive factor in the measure of frustration. 

Through the analysis of variances, we first studied the possible re-
lationships between task performance and the school year of belonging 
through Grade variable. Almost all the relationships studied were sen-
sitive to the influence of this variable. Tables 2–4 show the complete 
analysis. 

The effect sizes of these relationships were important in some cases. 
The variable Grade could explain up to 26% of the variability found in 
the total hits (r2 = 0.264; p = .000), up to 17% of errors/time spent (r2 =

0.173; p = .000) and up to 11% of omissions (r2 = 0.110; p = .001). 
Concerning to performance indexes, Grade could explain up to 11% of 
the variability found in the scores of Index 1 (r2 = 0.110; p = .001), 
besides 22% of the differences of Index 2 (r2 = 0.229; p = .000) and 
Index 3 (r2 = 0.223; p = .000). In fact, Grade could explain up to 26% of 
the General Performance Index (r2 = 0.264; p = .000). These results 
confirm that Grade variable, associated with the mean age of 

Fig. 2. Linear regression analysis between performance during Set 2 (frustrating set) and Set 3.  
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Table 2 
Mean scores, correlations and effect sizes according to Grade.   

Sample 1st Grade 2nd Grade 3rd Grade 4th Grade 5th Grade F, r and effect sizes 

N = 160 n = 23 n = 14 n = 41 n = 46 n = 36 

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) 

Hits 59,87 (9,57) 50,57 (10,49) 52,07 (15,38) 59,44 (6,45) 64 (6,24) 64,06 (6,26) (F (4,159) = 16.075; p 
= .000) 
(r = 0.514; p = .000) 
(r2 = 0.264; p = .000) 

Errors 17,51 (7,75) 23,04 (7,52) 24,21 (11,99) 17,85 (5,88) 14,39 (6,24) 14,94 (6,04) (F (4,159) = 10.416; p 
= .000) 
(r = − 0.417; p = .000) 
(r2 = 0.173; p = .000) 

Omissa 2,63 (5,07) 6,39 (10,16) 3,71 (6,49) 2,71 (3,96) 1,61 (1,26) 1 (1,55) (F (4,159) = 5.226; p =
.001) 
(r = − 0.332; p = .000) 
(r2 = 0.110; p = .001) 

RTb 202,972,59 
(29,352,22) 

224,736,3 
(40,333,08) 

208,164,79 
(34,436,21) 

211,269,59 
(25,830,8) 

195,547,91 
(22,114,67) 

187,086,53 
(18,024,05) 

(F (4,159) = 8.955; p =
.001) 
(r = − 0.417; p = .001) 
(r2 = 0.173; p = .000)  

a Abbreviations: Omiss: omissions. RT: reaction time. 
b Reaction times: expressed in milliseconds. 

Table 3 
Mean scores for the three task sets according to Grade.   

Sample 1st Grade 2nd Grade 3rd Grade 4th Grade 5th Grade 

N = 160 n = 23 n = 14 n = 41 n = 46 n = 36 

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) 

SET 1 Hits 18,32 (2,38) 16,91 (2,71) 16,29 (4,83) 18,68 (1,42) 18,74 (1,72) 19,06 (1,58) 
Errors 1,39 (1,97) 2,13 (2,03) 3 (4,02) 1,12 (1,21) 1,2 (1,69) 0,83 (1,38) 
Omissions 0,29 (0,9) 0,96 (1,69) 0,71 (1,64) 0,2 (0,46) 0,07 (0,25) 0,11 (0,32) 
Reaction 
time 

45,376,24 (9609,34) 54,948,48 
(11,773,67) 

50,174,21 
(12,589,35) 

46,950 (7675,43) 41,941,89 (6202,24) 39,990,75 (6248,36) 

SET 2 Hits 24,16 (5,62) 19,39 (5,63) 20,21 (6,29) 23,22 (4,87) 26,72 (4,37) 26,53 (4,51) 
Errors 13,84 (4,83) 16,43 (5,25) 17,43 (4,91) 14,49 (4,27) 11,78 (4,21) 12,69 (4,35) 
Omissions 2 (3,72) 4,17 (7,14) 2,36 (3,56) 2,29 (3,88) 1,5 (1,24) 0,78 (1,4) 
Reaction 
time 

112,143,48 
(16,998,57) 

116,897,57 
(23,450,56) 

110,061,86 
(19,193,06) 

116,496,24 
(18,284,28) 

110,833,43 
(14,247,8) 

106,632,28 
(10,715,38) 

SET 3 Hits 17,39 (3,04) 14,26 (4,1) 15,57 (5,03) 17,54 (2,07) 18,54 (1,8) 18,47 (1,5) 
Errors 2,28 (2,55) 4,48 (3,4) 3,79 (4,06) 2,24 (1,92) 1,41 (1,77) 1,42 (1,44) 
Omissions 0,33 (1,13) 1,26 (2,38) 0,64 (1,6) 0,22 (0,52) 0,04 (0,21) 0,11 (0,32) 
Reaction 
time 

45,452,88 (9073,6) 52,890,26 (12,598,9) 47,928,71 (9289,13) 47,823,34 (8010,47) 42,772,59 (6466,22) 40,463,5 (5887,83)  

Table 4 
Mean scores for task indexes according to Grade.   

Sample 1st Grade 2nd Grade 3rd Grade 4th Grade 5th Grade F, r and effect sizes 

N = 160 n = 23 n = 14 n = 41 n = 46 n = 36 

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) 

Index Set 1 16,64 (4,77) 13,83 (5,42) 12,57 (9,65) 17,37 (2,84) 17,48 (3,44) 18,11 (3,17) (F (4,159) = 8.955; p = .000) 
(r = 0.332; p = .000) 
(r2 = 0.110; p = .001) 

Index Set 2 8,31 (11,23) − 1,22 (11,26) 0,43 (12,58) 6,44 (9,73) 13,43 (8,75) 13,06 (9,03) (F (4,159) = 13.286; p = .000) 
(r = 0.479; p = .000) 
(r2 = 0.229; p = .000) 

Index Set 3 14,79 (6,09) 8,52 (8,21) 11,14 (10,07) 15,07 (4,15) 17,09 (3,6) 16,94 (3) (F (4,159) = 13.280; p = .000) 
(r = 0.472; p = .000) 
(r2 = 0.223; p = .000) 

General Performance Index 39,74 (19,13) 21,13 (20,97) 24,14 (30,76) 38,88 (12,9) 48 (12,49) 48,11 (12,51) (F (4,159) = 16.075; p = .000) 
(r = 0.514; p = .000) 
(r2 = 0.264; p = .000) 

Frustration Index -1,85 (4,87) − 5,3 (8,48) − 1,43 (4,86) − 2,29 (3,65) − 0,39 (3,62) − 1,17 (3,22) (F (4,159) = 4.592; p = .002) 
(r = 0.264; p = .001) 
(r2 = 0.070; p = .001)  
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participants, had a strong influence on task performance. Nevertheless, 
factor Grade could only explain about 7% of Frustration Index scores (r2 

= 0.070; p = .001) being the smallest effect size found for this variable. 
For further analysis, we computed six groups of participants based on 

the results given by three variables of our task: General Performance 
Index, Total Reaction Time and Frustration Index. We carried out this 
categorization to perform more in-depth analyses because they are the 
most representative variables of the task. The scores of these three 
variables were converted to z-scores to select only the participants who 
scored below the 15th percentile (creating the “Low Groups”) and those 
who scored above the 85th percentile (creating the “High Groups”). 
Afterwards, the sample was composed of six groups: Low/High Perfor-
mance, Low/High Frustration and Low/High Reaction Time. 

The first analysis we carried out was aimed at verifying whether 
Grade variable produced differences in the configuration between low 
and high groups. Thus, we found that groups configured according to 
General Performance (t (49) = − 6.459; p = .000; χ2 = 24.81; p = .000) 
and Reaction Time (t (46) = 5.064; p = .000; χ2 = 23.23; p = .000) were 
influenced by mean age of participants. However, there was no signifi-
cantly influence of Grade in the configuration of Low/High Frustration 
groups (t (55) = − 1.349; p = .183; χ2 = 3.404; p = .493). 

According to Cohen's classification of effect sizes through Cramer's 
Phi statistic, the effect size of Grade in the configuration of Low/High 
Performance groups would be considered large (ϕc = 0.697; p = .000), 
as well as the effect on Low/High Reaction Time groups (ϕc = 0.696; p 
= .000). Thus, we can observe as we hypothesized, how Grade in-
fluences both the reaction times during the test and the general per-
formance but does not directly affect the participant's frustration levels. 
This is relevant since confirms the idea of frustration scores, assessed by 
our task, are not significantly influenced by the age of the participants. 

During data analysis, we also explored whether there might be dif-
ferences in participants' scores based on gender or laterality through 
analysis of variance. Nevertheless, we found no differences in the per-
formance of participants that could be explained by gender or laterality 
(all ps < .05). Additionally, we checked if the gender or hand/manual 
preference of participants had any influence when setting up Low/High 
groups. Analyses carried out did show no possible relationships between 
variables Gender or Laterality on the configuration of the six Low/High 
groups (all ps > .05). 

We conducted additional analyses using the Low/High based groups. 
Tables 5–7 show data obtained from the comparison of average scores 
for each group among test parameters. Performance-based Low/High 
groups displayed significant differences in scores for every parameter of 
the test, including hits, errors, omissions, reaction times, and indexes (all 

ps < .05). These results are consistent with expected since better per-
formance on the test has to be related to better scores on assessed pa-
rameters. Groups formed by their reaction time showed statistically 
significant scores for the number of hits (t (46) = 2397; p = .021) and 
omissions (t (46) = − 4.016; p = .000), as well as for the Set 2 perfor-
mance (t (46) = 3.40; p = .001), and the General Performance Index (t 
(46) = 2397; p = .021). As expected, a longer reaction time will affect 
both the number of correct trials and the number of missed trials. 
Finally, for participants in Low/High Frustration groups differences 
were only significant for performance of Set 1 (t (55) = 2782; p = .007), 
Set 3 (t (55) = − 5.764; p = .000) and Frustration Index (t (55) = − 16.43; 
p = .000). These results are interesting because they emphasize anew 
that degree of frustration seems not to be strongly related to perfor-
mance accuracy during the task. 

In order to explore these results in depth, we wanted to calculate the 
Odds Ratio (OR), an analysis traditionally applied to estimate the 
probability of a certain event occurring. Concerning our data, we were 
able to observe that the relative risk of belonging to Low Reaction Time 
groups is 7.52 times higher for those participants who belong to High- 
Performance groups than those who belong to Low-Performance 
groups. On the contrary, participants who were classified in High Re-
action Time groups were up to 5.13 times more likely to belong to Low- 
Performance groups than to High-Performance groups. Finally, partici-
pants in the Low-Frustration group were up to 2.5 times more likely to 
belong to the Low Reaction Time group than to the High Reaction Time 
group. The results above confirm what was expected. Longer reaction 

Table 5 
Mean scores during the task for low/high performance groups.  

Groups Performance 

Low performance High performance t (p-value) gl =
49 

N 26 25 

Hits 43,115 (8,93) 71 (1.80) − 15,29 (p <
.000) 

Errors 28,884 (8,99) 8,36 (1846) 11,186 (p <
.000) 

Omissions 8 (10,38) 0,64 (0,81) 3532 (p = .001) 
RTa 218,105 

(43,729,92) 
191,247,04 
(22,852,29) 

2732 (p = .009) 

Index Set 1 9846 (7482) 19,44 (1781) − 6241 (p <
.000) 

Index Set 2 − 8307 (8867) 23,12 (3789) − 16,34 (p <
.000) 

Index Set 3 4,69 (7714) 19,44 (0,917) − 9,49 (p < .000) 
G. P. Index 6230 (17,874) 62 (3606) − 15,299 (p <

.000) 
Frustration 

Index 
− 5154 (8601) 0 (1826) − 2932 (p =

.005)  

a Abbreviations: RT: reaction time. G.P.: general performance. 

Table 6 
Mean scores during the task for low/high reaction time groups.  

Groups Reaction time 

Low RT High RT t (p-value) gl =
46 

N 24 24 

Hits 59,75 (11,96) 51,25 (12,595) 2397 (p = .021) 
Errors 19,458 (11,436) 19,375 (7917) 0,029 (p > .05) 
Omissions 0,79 (1215) 9375 (10,4) − 4016 (p <

.000) 
RTa 162,363,375 

(10,595,75) 
250,802,458 
(17,546,39) 

− 21,137 (p <
.000) 

Index Set 1 16,083 (7162) 14,083 (6171) 1036 (p > .05) 
Index Set 2 10,416 (11,97) − 1916 (13,128) 3,40 (p = .001) 
Index Set 3 13 (7,59) 10,33 (9168) 1097 (p > .05) 
G. P. Index 39,5 (23,92) 22,5 (25,19) 2397 (p = .021) 
Frustration 

Index 
− 3083 (5748) − 3,75 (7326) 0,35 (p > .05)  

a Abbreviations: RT: reaction time. G.P.: general performance. 

Table 7 
Mean scores during the task for low/high frustration groups.  

Groups Frustration 

Low tolerance High tolerance t (p-value) gl =
55 

N 26 31 

Hits 51,61 (11,10) 57 (11,35) − 1,8 (p > .05) 
Errors 23,34 (7,73) 19,16 (9,68) 1,77 (p > .05) 
Omissions 5,04 (9425) 3,84 (5496) 0,60 (p > .05) 
RTa 212,678,07 

(41,430,94) 
211,653,06 
(31,189,98) 

0,106 (p > .05) 

Index Set 1 16,15 (5,15) 11,80 (6415) 2782 (p = .007) 
Index Set 2 1,23 (11,45) 6,38 (12,89) − 1581 (p >

.05) 
Index Set 3 5,85 (7,39) 15,81 (5,64) − 5764 (p <

.000) 
G. P. Index 23,23 (22,20) 34 (22,70) − 1801 (p >

.05) 
Frustration 

Index 
− 10,30 (4,10) 4 (2,36) − 16,43 (p <

.000)  

a Abbreviations: RT: reaction time. G.P.: general performance. 
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times were related to poorer performance and a higher probability of 
experiencing frustration during the course of the task. 

Table 8 provides frequencies of participants, according to their 
belonging to different Low/High groups. It can be seen that there were 
up to three group combinations with no participants, High Frustration +
High Performance + Low Reaction Time, High Frustration + High Per-
formance + High Reaction Time and Low Frustration + High Perfor-
mance + High Reaction Time. It is important to note that, as we 
expected, the largest group of participants consists of the combination 
formed by High Frustration + High Performance + Low Reaction Time, 
with a frequency of six participants. 

4. Discussion and conclusions 

The psychometric analysis of the Beach Ball task has shown a good 
internal consistency, allowing us to discriminate between participants 
with high/low levels of frustration tolerance through the Frustration 
Index. The content validity was also satisfactory according to judges; 
however, further studies will allow us to know the convergent validity of 
the test with respect to other tests. 

After the analyses were carried out, we could infer that the con-
struction of our task has been able to produce a change in participants 
performance compatible with a frustration response. This is confirmed 
by several results. On the one hand, we verified that the general per-
formance of participants is significantly reduced during Set 3, despite 
being completely identical to Set 1. In addition, we have confirmed a 
strong influence from Set 2 (frustration) to the performance of Set 3, 
being able to explain up to 39% of the variability found in the perfor-
mance of the last set. Is possible this influence could be explained due to 
the increased cognitive load required by the second set, even though this 
is partly what we were looking for in test design, the increased difficulty 
of the second set would affect the performance of the third set, despite 
both being exactly identical. 

Additional analyses were conducted to test whether frustration 
scores could be explained beyond a fatigue effect during the task. We 
were able to verify that decrease in performance during Set 3 could 
hardly be explained by the effect of fatigue during the task since we 
could observe that participants, in general, significantly improved their 
performance during the second half of Set 3. In addition, frustrated and 
non-frustrated participants showed the same results, significantly 
improving their performance during the second subset of Set 3, which 
would be difficult to find if fatigue was occurring during the task. 

Regarding the influence of the mean age of participants, even when 
the variable Grade could explain up to 26% of general performance or 
17% of reaction times, it could only explain 7% of the variability of 
frustration scores. These results suggest that the cognitive development 
of participants affects both, the ability to discriminate stimuli and the 
processing speed during the test, but it does not considerably impact the 
measure of frustration we have created. Results were also confirmed by 
the analysis of Grade influence on the configuration of Low/High 
groups, where the performance groups and the reaction time groups had 
a strong influence from this variable with very large effect sizes. How-
ever, groups configured according to their frustration levels were not 
significantly influenced by the effect of this variable. This is relevant as it 

confirms the previous findings (Deater-Deckard et al., 2007; Oliva et al., 
2011), the degree of frustration assessed by our task is not significantly 
influenced by the age of the participants. 

Concerning the influence of gender on frustration tolerance, in line 
with Sebastian (2013) or Deater-Deckard et al. (2007), we found no 
differences in task performance that could be explained by the influence 
of the participant's gender. None of the parameters controlled during our 
task was shown to be sensitive to the influence of participants' gender. 
Similarly, regarding manual preference, the laterality of participants 
appears to not influence their ability to tolerate frustration in children. 

In addition to the results described and in line with previous studies 
(Ihme et al., 2018; Posner & Rothbart, 2000; Seymour et al., 2020), the 
measure of frustration tolerance provided by this test, in a prior study of 
our group, was significantly correlated with the performance on a task 
assessing impulse control (Jiménez-Soto, 2020). This data suggests that 
the relationship between cognitive control and frustration tolerance 
could be important and deserves to be explored in future research. 

Finally, according to expected when conducting this research, using 
this task participants will obtain higher frustration scores when they 
display longer reaction times and lower overall performance. This is 
very significant, as worse performance will be determined by a poorer 
ability to discriminate visual stimuli, making the second set more 
complicated and frustrating. In addition, the longer the reaction time, 
the greater the likelihood of committing trial omissions, especially in the 
second set where the size differences between balls are lower. 

One of the most important limitations of this study is about sample 
size (n = 160) that does not have enough participants to provide stan-
dardized scores. However, one of the strengths of our task is that allows 
us to measure frustration tolerance through the comparison of a par-
ticipant's performance with itself, therefore, it is not essential to have 
standardized scores. Either way, a systematic evaluation with a repre-
sentative sample of this population could provide standard metrics for 
the test in the future. 

To conclude, due to its configuration and difficulty, this test is not 
suitable for use with elder children. Increasing the difficulty of stimuli 
discrimination by decreasing relative size between balls, reducing time 
interval to respond or increasing the number of trials, could adjust this 
measure to be used in youth or young adults. 
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