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SPORT STACKING IN AUDITORY AND VISUAL  
ATTENTION OF GRADE 3 LEARNERS1

J. MORTIMER, J. KRYSZTOFIAK, S. CUSTARD, AND A. J. McKUNE

Discipline of Sport Science, School of Physiotherapy, Sport Science, and Optometry 
University of KwaZulu-Natal

Summary.—The effect of sport stacking on auditory and visual attention in 32 
Grade 3 children was examined using a randomised, cross-over design. Children 
were randomly assigned to a sport stacking (n = 16) or arts/crafts group (n = 16) with 
these activities performed over 3 wk. (12 30-min. sessions, 4 per week). This was fol-
lowed by a 3-wk. wash-out period after which there was a cross-over and the 3-wk. 
intervention repeated, with the sports stacking group performing arts/crafts and 
the arts/crafts group performing sports stacking. Performance on the Integrated Vi-
sual and Auditory Continuous Performance Test, a measure of auditory and visual 
attention, was assessed before and after each of the 3-wk. interventions for each 
group. Comparisons indicated that sport stacking resulted in significant improve-
ment in high demand function and fine motor regulation, while it caused a signifi-
cant reduction in low demand function. Auditory and visual attention adaptations 
to sport stacking may be specific to the high demand nature of the task.

Physical educators are constantly searching for new methods of pro-
moting psychomotor skill (basic movement proficiency) and cognitive 
function. Psychomotor skill consists of gross and fine motor skills and is 
developed throughout childhood (Swartz, de la Rey, & Duncan, 2004; Ud-
ermann, Murray, Mayer, & Sagendorf, 2004; Udermann & Murray, 2006). 
Cognitive function involves awareness, perception, and comprehension, 
including the abilities to think, rationalize, and remember (Uhrich, 2005). 
It is recommended that physical education (PE) curricula include a vari-
ety of various experiences (Udermann, et al., 2004). As a result, PE teachers 
have found new innovative methods, using physical activity to promote 
motor and cognitive function (Hart, Smith, & DeChant, 2005). One such 
method is sport stacking (Udermann, et al., 2004).

Sport stacking participants work with 12 specialized cups, using both 
hands to make a pyramid (“up stacking”) and then returning the cups into 
stacks (“down stacking”). This must be done in predetermined sequences 
(Hart, et al., 2005). Once basic competency has been achieved, speed and 
increased difficulty or complexity of stacking become the main emphasis. 
The task requires crossing the hands across the body’s midline (Uhrich, 
2005). The leading manufacturer of the specialized polymer cups (Speed 

1Address correspondence to Andrew J. McKune, Discipline of Sport Science, School of Phys-
iotherapy, Sport Science, and Optometry, Faculty of Health Sciences, University of KwaZulu-
Natal, Private Bag X54001, Durban, 4000, South Africa or e-mail (mckunea@ukzn.ac.za).
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Stacks®) claims that sport stacking has an effect on cognitive factors (Ud-
ermann & Murray, 2006). Further claims suggest that sport stacking helps 
with the development of basic motor proficiency in that practice promotes 
hand-eye coordination, reaction time, ambidexterity, quickness, and con-
centration (Speed Stacks, 2005; Udermann & Murray, 2006). Empirical evi-
dence supporting these claims, however, is very limited.

In a landmark study, Udermann et al. (2004) investigated the effect 
of a 5-week sport stacking intervention program on hand-eye coordina-
tion and reaction time in 42 Grade 2 students. Analysis supported the use 
of sport stacking to improve hand-eye coordination and reaction time. In 
2006, Rhea, Ludwig, and Mokha found that a 5-week sport stacking in-
tervention positively affected right- and left-side coordination of Grade 
6 learners. A 12-week daily sport stacking intervention (15 min. per day) 
significantly improved reaction time over that of a control group (Liggins, 
Coleman, Solis, & Li, 2007). Another study (Gibbons, Hendrick, & Bauer, 
2007) compared reaction and stacking times for massed and distributed 
practice (stacking for 60 consecutive minutes vs three periods of 20 min.) 
in 19- to 27-year-olds. Both groups experienced greater reductions in re-
action and stacking times compared to a control group. Distributed prac-
tice was associated with a greater reduction in stacking time than massed 
practice (Gibbons, et al., 2007). Murray, Udermann, Reineke, and Battista 
(2009) found that sport stacking had similar energy expenditure (MET) 
values compared to other activities performed during PE, such as 6- to 
9-player volleyball games or diving from springboards or platforms. In 
contrast, two studies performed by Hart, et al. (2005) and Hart, Smith, and 
DeChant-Bruennig (2006) found no significant difference in reaction and 
anticipation times between treatment and control groups. The students 
in Grades 1 to 4 were involved in 3-week sport stacking intervention pro-
grams (Hart, et al., 2005, 2006). Conflicting results on the relationship be-
tween sport stacking and motor skill development have been reported. 
Research on cognitive ability is also lacking. One study (Uhrich & Swalm, 
2007) investigated the effects of sport stacking on reading achievement in 
Grade 2 and Grade 5 students. Whilst no significant improvements were 
found for the Grade 2 students, reading ability significantly improved in 
Grade 5 students regardless of sex.

Traditional methods of assessing motor function include, for example, 
the Soda Pop test to assess hand-eye coordination and the Yardstick test to 
assess reaction time (Udermann, et al., 2004). Another method included se-
lected items of the Bruininks-Oseretsky Test of Motor Proficiency (Hart, et 
al., 2006). Specific aspects of cognitive function may be assessed in a num-
ber of ways. Reading, for example, may be assessed using the Gray Oral 
Reading Tests and the Kaufman Test of Educational Achievement (Farrall, 
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2008). In 1956, Rosvold, Mirsky, Sarason, Bransome, and Beck developed 
a neuropsychological test, termed the Continuous Performance Test. This 
test was developed to include verbal, visual, and auditory administration 
of the test and to measure different types of performance (hit rate, com-
mission or impulsivity, and omission or inattention; Tinius, 2003). 

Continuous Performance Tests are used primarily in neuropsycho-
logical evaluations and measure the speed of processing, as well as dif-
ferent types of attention characteristics (focused, sustained, divided, and 
alternating). One such test is the Integrated Visual and Auditory Continu-
ous Performance Test (IVA–CPT). This computer-based test measures re-
sponse control and attention whilst assessing both visual and auditory 
attention on the same task (Tinius, 2003; Sandford & Turner, 2009a). It 
provides measures of auditory and visual attention in one administration 
and has been validated for individuals age 6 to 96 years (Kane & Whiston, 
2001). It was initially developed to help identify, differentiate, and quan-
tify attention deficit/hyperactivity disorder (ADHD) and its four subtypes 
(Sandford & Turner, 2009a). However, it is also used to measure other self-
control problems associated with medical conditions such as stroke, de-
mentia, and anxiety. While its use to measure the effects of medication 
and therapeutic treatments on such conditions has also been document-
ed (Sandford & Turner, 2009a). In 1995, Seckler performed a reliability 
study of the IVA–Continuous Performance Test and concluded that pre- 
and posttest comparisons on the IVA–CPT were reliable in assessing the 
effect of medication, treatment, or environmental effects (Seckler, Burns, 
Montgomery, & Sandford, 1995). As such, tests such as the IVA–CPT have 
been used extensively in clinical research to investigate the interventions 
for improving reaction time and attention as well as numerous other pa-
rameters of motor and cognitive function (Tinius, 2003; Sandford & Turn-
er, 2009a). 

Given the limited and conflicting literature on the adaptations and 
mechanism of adaptation following sport stacking, the aim of this study 
was to investigate possible benefits, specifically the effect on auditory and 
visual attention global scales and subscales, as measured by the IVA–CPT. 
Twelve sessions of sport stacking over 3 weeks were hypothesized to im-
prove auditory and visual attention of Grade 3 learners.

Method
The design of the study was a cross-sectional, pretest/posttest, ran-

domized control study with a cross-over. Gatekeeper permission was 
obtained from the KwaZulu-Natal Department of Education, from the 
School Governing Body and Headmistress, and ethical clearance was ob-
tained from the University of KwaZulu-Natal Biomedical Research Ethics 
Committee.
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Participants
Thirty-two students in Grade 3 (M age = 8.5 yr., SD = 0.5; 17 girls, 15 

boys) from a local primary school volunteered to participate. The physi-
cal characteristics of participants were body mass index (BMI; M = 16.6 
kg . m−2, SD = 2.3), waist-to-hip ratio (M = 0.82 ± 0.04), and total daily ener-
gy expenditure (M = 9,277 kJ/day, SD = 2,973). All the children spoke Eng-
lish and were able to read, write, and use a computer mouse. None report-
ed hearing or visual problems. Participants who were taking medication 
for ADD/ADHD were excluded from the study. 

Prior to the first 3-wk. intervention, participants were assigned ran-
domly to either a sports stacking group (n = 16) or arts/crafts group (n = 16). 
The arts/crafts intervention acted as the control with the rationale being 
that this would keep the environment (location), social interaction, and bi-
manual activities similar to those of the sport-stacking intervention (treat-
ment), at the same time of day, session duration, and frequency per week. 
Measures

All participants and their parents or guardians received an informa-
tion sheet and had the study explained to them at a meeting held at the 
school. The children signed an assent form under parent or guardian su-
pervision, whilst the parents or guardians provided written consent and 
filled out the Quantification de l’ Activite Physique en Altitude Chez le En-
fants (QAPACE) physical activity questionnaire (Barbosa, Sanchez, Vera, 
Perez, Thalabard, & Rieu, 2007) which predicted the daily energy expen-
diture of their child. Participants were encouraged to continue with their 
normal daily routines during the course of the study. 
Procedure

Pretest.—Baseline measures of height, weight, BMI, waist circumfer-
ence, hip circumference, and waist-to-hip ratio were taken within 72 hr. 
prior to the start of the intervention at the children’s school. All partic-
ipants then completed baseline testing on the IVA–CPT, using a laptop 
computer with mouse and headphones. Each participant sat on a chair at a 
desk on which the computer was placed. The test was administered by an 
instructor qualified and experienced with the test, according to the stan-
dard procedures as outlined in the test administration manual (Sandford 
& Turner, 2009a). The administrator first gave basic verbal instructions 
for the test, following which participants placed the headphones on their 
heads and commenced the test. With the headphones on, participants 
were verbally instructed (through the headphones) to watch the computer 
screen and to click the right button on the mouse only when they heard or 
saw the number “1” and to refrain from clicking when they heard or saw 
the number “2.” All participants were able to use a mouse appropriately 
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for this test. The numbers (1 and 2) were presented randomly through the 
headphones (aurally) or on the computer screen (visually) at a rate of one 
per second (O’Laughlin, Cerny, & Kirby, 2000). 

Testing occurred in the morning, between 8:00 and 12:30, in a well-lit 
room with minimal distractions. Steps were taken to ensure children un-
derstood how to perform the test. From the time of entering the testing 
room, each test took a total of 17 min. to complete (13 min. for the IVA–
CPT). The test recorded and analysed errors of commission (i.e., click-
ing when they were not supposed to), errors of omission (i.e., not click-
ing when they were supposed to), and identified participant malingering, 
thereby providing validity to the test results given. The response result of 
each stimulus was saved on the computer for analysis.

Intervention.—The sport stacking intervention took place in the school 
library before the start of lessons (07:45–08:30) and consisted of 12 ses-
sions, each lasting 30 min. (4 sessions per week for 3 weeks). Children 
were taught, by an experienced instructor, how to stack the cups in a spe-
cific sequence with the correct technique using the lesson plans recom-
mended in the Speed Stacks® instructor guide (Speed Stacks, 2005). These 
methods included verbal instruction, demonstration, and participation. 
Participants progressed from simple to more complex stacking sequenc-
es, concentrating on practice, timing, and mastery (i.e., performing the se-
quences fast, with no errors, using both hands and crossing the midline). 
All participants stacked whilst seated on the ground in the library with 
the set of cups directly in front of them to ensure standardization and ease 
of administration. The instructor stood at the front of the room in clear 
view of participants. 

Table 1 shows the progression of training sessions. In Session 1, “up 
stacking,” “down stacking,” and bilateral coordination of the left and right 
hands were taught. Participants were told what to do should they fumble, 
and were reminded of using light, soft hands to move the cups. Demon-
stration of the 3-3-3 stack also occurred. In Session 2, practice on the 3-3-3 
stack was given, and then instruction on completion of the 6 stack using 
the “3-2-1 method.” Then, the 3-6-3 stack was demonstrated using previ-
ous instruction. Session 3 included individual warm-up (performing the 
3-3-3 and 3-6-3 sequences) followed by 6-6 stack instruction. The transi-
tion from the 3-6-3 into the 6-6 stack was then demonstrated. Session 4 
was a warm-up, followed by individual timing of the 3-3-3 and 3-6-3 se-
quences. In Session 5, participants were taught how to perform the Cycle 
stack. Transition from the 6-6 to 1-10-1 stack was taught. The up stack of 
the 1-10-1 stack was taught, demonstrated and practiced using the 5-4-
1 method. The 1-10-1 down stack into the 3-6-3 stack was taught, with 
emphasis on the single cup turn and tap. All this was put together with 
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demonstration of the Cycle stack followed by practice. Session 6 includ-
ed practice, timing, and mastery of all stack sequences. Finally, Session 7 
consisted of relays of all stack sequences and Session 8 of individual tim-
ing of the 3-3-3, 3-6-3, and Cycle Stack sequences. Relays were performed 
whilst seated in rows, one behind another. Starting from the front, the first 
stacker would complete their sequence, following which the second par-
ticipant would commence his sequence. This process continued until all 
stackers in the row had completed their sequence. The row that finished 
first was proclaimed the winner (i.e., where all stackers completed the giv-
en sequence). Sessions 9, 10, and 11 consisted of relays of the 3-3-3, 3-6-3, 
and Cycle sequences, respectively. These relays occurred in the same way 
as those of the seventh session. In Session 12, individual timing was per-
formed for the Cycle sequence. To ensure continuous participation and 
enthusiasm, participants were encouraged to improve time taken to com-
plete each stack sequence.

Control.—The arts/crafts activities also took place in the school library 
before the start of lessons (07:45–08:30) and consisted of 12 30-min. ses-
sions (4 sessions per week for 3 weeks). Participants were guided by a 
trained arts and crafts professional. Activities included using beads to 
decorate bookmarks and make bracelets, decorating and making cards, 
painting wood, and using wire and clay to make various other items. Use 
of both hands during the sessions was emphasized. 

Posttest and cross-over.—Posttesting occurred within 72 hr. of the last 

TABLE 1
Summary of Sport Stacking Intervention Protocol (Speed Stacks, 2005)

Session Activity

1 “Up-stacking”; “down-stacking”; bilateral co-ordination; demonstration of 3-3-3 
stacking sequence

2 Practice of 3-3-3 stack; instruction on completion of the 6 stack using the “3-2-1 
method”; 3-6-3 stack; and “putting it all together”

3 Individual warm-up (performing the 3-3-3 and 3-6-3 sequences) followed by 6-6 
stack instruction; and transition from the 3-6-3 into the 6-6 stack

4 Warm-up (3-3-3, 3-6-3, and 6-6 sequences) and individual timing of 3-3-3 and 3-6-3 
sequences

5 Transition from 6-6 to 1-10-1 stack; “up stack” of the 10 stack (5-4-1 method); 1-10-1 
“down stack” into 3-6-3 stack (emphasis on the single cup turn and tap); put to-
gether with demonstration of Cycle Stack followed by practice

6 Practice, timing, and mastery of all stack sequences
7 Relays of all stack sequences
8 Individual timing of 3-3-3, 3-6-3, and Cycle Stack sequences
9 Relays of the 3-3-3 sequences

10 Relays of the 3-6-3 sequences
11 Relays of the Cycle sequences
12 Individual timing of Cycle sequence
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intervention session. This occurred at the same time of day as the baseline 
to account for changes in alertness and functioning of the brain at different 
times of the day (Ramon, Cagampang, Yanga, Nakayamaa, Fukuharaa, & 
Inouye, 1994). All baseline measurements were repeated. After posttest-
ing, participants underwent a 3-wk. washout period, i.e., children con-
tinued their normal routines but were told they should not perform any 
sport stacking or arts/crafts during this period. After the 3-wk. washout, 
a cross-over was administered. The pretest, intervention, and posttest oc-
curred in the same way as before for each group. 
Measures

For analysis, IVA–CPT raw scores (response result, auditory and visu-
al errors of commission or omission) for each of the response results were 
converted to standard quotient scores based upon the normative data 
from the IVA–CPT. In clinical assessments, a quotient score above 100 indi-
cates better performance on the test for that specific variable, whilst a low-
er score (e.g., less than 60) indicates poorer performance on the test for that 
specific variable (Sandford & Turner, 2009b). The response results were 
then classified into numerous IVA–CPT global scales or subscales of audi-
tory or visual attention ability. An overview of the major IVA–CPT global 
scales and subscales is provided in Fig. 1 and are described in more de-
tail in Sandford and Turner (2009b). In addition to these major scales, the 
IVA–CPT also performs a special analysis, specifically an analysis of audi-
tory and visual attention under High and Low Demand conditions (Fig. 2).
Statistical analysis

The Shapiro-Wilks algorithm was used to assess whether each audi-
tory and visual attention response global scale or subscale score had a nor-
mal distribution. The paired Student’s t test (Hopkins, 2003) was used to 
compare the effects of sport stacking and arts/crafts on the auditory and 
visual attention global scales and subscales in the children. Hopkins (2003) 
recommends the use of the paired t statistic in the analysis of straightfor-
ward (2 × 2) crossover trials. Statistical analysis was performed using the 
paired t statistic spreadsheet developed by Hopkins (2003).2 The changes 
in the mean scores at all time points were compared for the sport stack-
ing versus arts/crafts group. In particular, comparisons were run between 
(1) the groups in the pretest, to check the balance of assignment of chil-
dren to groups, (2) the sport stacking pretest to the arts/crafts posttest, (3) 
sport stacking posttest to arts/crafts pretest, (4) sport stacking posttest to 
arts/crafts posttest, (5) the arts/crafts pre- to posttest and 6) the sport stack-
ing pre- to posttest. The IVA–CPT data are presented as standard quo-
tient scores, means, standard deviations with 95% confidence intervals for 
2Downloaded from http://www.sportsci.org.



SPORT STACKING AND ATTENTION 105

Full Scale 
Attention 
Quotient 

Visual 
Attention 
Quotient 

Auditory 
Attention 
Quotient 

Vigilance 
Inattention 

Focus 
Variability 

Speed 
Reaction 

Time 

Vigilance 
Inattention 

Focus 
Variability 

Speed 
Reaction 

Time 

Full Scale 
Response 
Quotient 

Visual 
Response 
Control 

 

Auditory 
Response 
Control 

 

Prudence 
Impulsivity 

Consistency 
Variability 

Stamina 
Fatigue 

Prudence 
Impulsivity 

Consistency 
Variability 

Stamina 
Fatigue 

Fig. 1. Overview of the major global scales and subscales measured in the IVA–CPT. 
Adapted from Tinius (2003).
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Fig. 2. Global scales and subscales of low and high demand functioning (arrows dis-
play results from current study: ↑ = improvement, ↓ = reduction, ↔ = no change)
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changes in the mean and the mean as Cohen’s d effect sizes. Statistical sig-
nificance was set at p < .05. 

Results
Statistical analysis of mean changes pre- versus posttest indicated that 

despite the numerous auditory and visual attention global scales and sub-
scales compared (Fig. 1), only eight specific scales relating to High and 
Low Demand functioning (Fig. 2) were either statistically significantly im-
proved (Combined Steadiness, Auditory Steadiness, Visual Steadiness, 
Auditory Prudence) or reduced (Visual Dependability, Combined De-
pendability, Combined Maintenance and Visual Maintenance) by sport 
stacking, with Fine Motor Regulation being improved and Visual Sensory 
Motor ability reduced (Table 2). No statistically significant changes were 
observed in the arts/crafts group from before to after the intervention. For 
all significantly altered IVA–CPT global scale or subscale scores, there 
were no statistically significant differences between groups when mean 
changes were compared between any other time points. Definitions for 
each of the significantly altered auditory or visual attention global scales 
or subscales are provided below, together with a general explanation of 
what the results mean in terms of the effect on auditory or visual attention 
ability of the children (Table 2).
High Demand Functioning

Steadiness.—Steadiness is the ability to respond appropriately to stim-
uli under high demand conditions, i.e., when stimuli are given frequent-
ly and in numerous forms, making the task more complex (Sandford & 
Turner, 2009b). An improvement in the steadiness score indicates more 
attentive, careful, efficient working with less mental confusion. Specific to 
the current study, sport stacking improved all aspects of steadiness [au-
ditory, visual, and combined (auditory plus visual)] as measured by the 
IVA–CPT (Table 2). 

Prudence.—Prudence is the ability to not make impulsive errors of 
commission but to control responses and remain mindful, careful, and 
exercise caution specifically under high demand conditions in more com-
plex tasks (Sandford & Turner, 2009b). Specific to the current study, sport 
stacking statistically significantly improved auditory prudence (Table 2).
low Demand Functioning

Dependability and Maintainability.—This score is based on the reaction 
time scores under low demand conditions. Dependability is a subscore 
under Maintainability, the ability to function under low demand condi-
tions, i.e., when the stimulus presented is slower and less frequent. Chil-
dren who are better able to function under low demand conditions are 
better at responding quickly and accurately when little pressure is placed 
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on them. In the current study, significant reductions occurred in the IVA–
CPT scores for visual dependability, combined dependability, as well as 
visual maintainability, and combined maintainability after sport stacking 
(Table 2).
additional Scales

Fine Motor Regulation (Hyperactivity).—This scale measures fine motor 

TABLE 2
IVA–CPT Parameters After Participation in Sport Stacking and Arts/Crafts Program

IVA–CPT Parameter
(quotient scores)

Pretest Posttest Effects Signifi-
cance

pM SD M SD 95%CIa Cohen 
Effect 
Size*

High demand functioning
Combined steadiness

Sport stacking 73.9 38.7 82.9 30.3 2.9, 17.2 0.30 .007
Arts/crafts 84.2 32.7 86.3 30.2 −7.3, 12.8 0.08 .58

Auditory steadiness
Sport stacking 77.4 40.6 84.6 25.9 0.3, 19.1 0.23 .05
Arts/crafts 91.9 24.7 87.1 28.3 −12.9, 4.2 −0.18 .31

Visual steadiness
Sport stacking 79.5 36.6 88.4 27.6 0.9, 18.8 0.27 .03
Arts/crafts 84.6 34.6 91.9 26.4 −2.6, 18.5 0.23 .13

Auditory prudence 
Sport stacking 100.6 16.9 106.1 9.7 −0.2, 11.2 0.33 .05
 Arts/crafts 103.5 16.8 106.9 9.6 −2.4, 9.1 0.20 .24

Low demand functioning
Visual dependability 

Sport stacking 102.9 12.7 92.4 12.7 −17.9, −2.7 −0.81 .01
Arts/crafts 89.8 22.2 94.2 17.2 − 4.1, 12.1 0.18 .23

Combined dependability 
Sport stacking 102.7 11.5 95.1 13.4 −12.1, −0.9 −0.57 .03
Arts/crafts 92.4 17.4 96.8 11.7 −2.8, 10.6 0.23 .13

Combined maintainability 
Sport stacking 99.5 17.6 90.1 23.2 −13.9, 0.18 −0.39 .05
Arts/crafts 88.8 25.2 93.5 19.1 −2.9, 15.5 0.25 .17

Visual maintainability 
Sport stacking 96.8 20.9 87.7 23.3 −16.6, −0.8 −0.42 .03
Arts/crafts 87.3 29.2 90.6 21.4 −5.0, 14.3 0.16 .33

Additional scales
Fine motor regulation 

Sport stacking 99.2 12.2 103.1 10.3 0.5, 7.1 0.32 .02
Arts/crafts 104.2 8.2 103.7 9.6 −4.4, 3.3 −0.07 .77

Visual Sensory Motor 
Sport stacking 98.8 13.1 95.1 16.4 −9.4, −0.9 −0.31 .02
Arts/crafts 99.2 13.6 98.8 13.1 −5.2, 5.9 0.02 .91

Note.—a95%CI = 95% confidence intervals for change in mean quotient score; bmean as Co-
hen’s effect size.
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activity based on the movements of the mouse and does not reflect gross 
motor activity or movement (Sandford & Turner, 2009b). Behaviors are 
measured according to unnecessary clicks of the mouse during a trial, an-
ticipating a response with a reaction time less than 125 msec., holding the 
mouse button down during the test, and random clicks of the mouse dur-
ing the warm-up, cool-down, or practice session of the IVA–CPT. These so-
called hyperactive clicks are termed “off-task” clicks and are those which 
are not appropriate, as they are without meaning and impulsive (Sand-
ford & Turner, 2009b). A higher score on this scale reflects a decrease in 
hyperactivity. Sport stacking statistically significantly improved fine mo-
tor regulation in the current study (Table 2).

Sensory motor.—The sensory motor scale measures simple reaction 
times during the warm-up and cool-down phases of the IVA–CPT (Sand-
ford & Turner, 2009b). The measurement of the reaction times during the 
warm-up and cool-down occurs under conditions where there is a low 
demand on the children to make a decision. It has therefore been defined 
as a scale that can be used to directly establish the integrity of the senso-
ry motor system (Sandford & Turner, 2009b). Sport stacking significantly 
reduced mean visual sensory motor scores in the current study (Table 2).

Discussion
The aim of this study was to investigate the effect of sport stacking on 

visual and auditory attention in Grade 3 learners. The results show that 
sport stacking affects specific auditory and visual attention global scales 
or subscales without affecting others. Sport stacking improved the partici-
pants’ ability to stay on a task (consistency), to remember and follow rules 
under high demand (steadiness), to reduce impulsivity (prudence), and 
to control fine motor activity (Table 2). However, practice of sport stack-
ing slowed visual simple reaction times, and responding accurately, reli-
ably, and quickly under low demand (Dependability and Maintainability) 
(Table 2). This implies that auditory and visual attention adaptations to 
sport stacking are specific to its high-demand nature and that sport stack-
ing does not affect all auditory and visual attention parameters positive-
ly. Previous studies on sport stacking have focused primarily on motor 
functioning (i.e., reaction time) with limited research examining cognitive 
functioning (i.e., reading speed). None of these, however, have investigat-
ed the effect of sport stacking on auditory and visual attention using the 
IVA–CPT and, therefore, the findings of the present study are novel.

The two global scales making up the IVA–CPT High and Low de-
mand analysis are Competence and Maintainability, respectively. When 
an individual is functioning well under high demand conditions, they are 
expressing competence, whilst performing well under low demand con-
ditions reflects maintainability (Sandford & Turner, 2009b). Each of these 
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global scales has four subscales (Fig. 2). Following sport stacking, various 
scales of Competence (high demand function) improved and Maintain-
ability (low demand function) and one of its subscales decreased. This 
suggested a shift toward sport stacking promoting performance under 
high demand conditions. Specifically, Steadiness improved, which indi-
cates that sport stacking improved accurate clicking under high demand 
conditions (Sandford & Turner, 2009b). Likewise, a shift away from low 
demand conditions occurred following sport stacking. Since Dependabil-
ity decreased, this means that the reaction times of the participants under 
low demand conditions (less frequent and less complex stimuli) slowed 
down after the sport stacking intervention (i.e., poor reaction time when 
placed under low demand conditions). This “shift” to better performance 
in more complex conditions and poorer performance in less complex con-
ditions shows the possible benefits of sport stacking in terms of improving 
performance under high demand conditions, but also a possible detriment 
in terms of participants’ ability to function under low demand conditions. 
This implies that the participants, when exposed to more complex tasks of 
learning, would more than likely perform better as opposed to their per-
formance following exposure to low complexity tasks. This is an interest-
ing finding in that the school teaching environment largely functions as 
a low demand environment. There may be a possible incongruence be-
tween the improvements seen following a sport stacking intervention and 
the low-demand environment of a school.

High and low demand conditions are a form of sensory stimulation. 
Berlyne (1960) suggested that sensory input may be in the form of intensi-
ty, size, color, uniqueness, sensory modality, emotional connotations, diffi-
culty, frequency of changing stimuli, absurdity, and confidence. The sport 
stacking intervention focused on improving complex movement patterns 
at speed. Based on Berlyne’s factors, this implies that the sensory input of 
the sport stacking intervention may be one of high intensity, exhibiting 
uniqueness, and an increased difficulty. Sport stacking, therefore, repre-
sents high sensory stimulation (Berlyne, 1960). 

Two models regarding input stimulation in humans may apply to 
provide a mechanism for understanding the results. The first is a linear 
model which advocates that response or output is directly proportional to 
the stimulation or input (Strauss & Lehtinen, 1947). The second model, op-
timal stimulation theory, states that the body can change its sensory stimu-
lation input through negative feedback systems to stay within the optimal 
arousal range or homeostatic state (i.e., to seek stimulation when under-
stimulated and avoid stimulation when overstimulated; Leuba, 1955; 
Zentall & Zentall, 1983; Zentall, 2010). The improvement functioning un-
der high demand conditions and a deterioration of functioning under low 
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demand conditions may be explained by both models. Since sport stack-
ing demanded high sensory stimulation, a higher output response was ob-
served (linear model). This observation holds as participants functioned 
more efficiently under high demand conditions after stacking. Since the 
stacking neglected learning under low demand and enforced learning un-
der high demand, compensatory shifts may have occurred but were not 
directly measured. This could be reflected in the reduction of low demand 
function and may be explained by the optimal stimulation theory as the 
body regulates itself when exposed to high sensory input. Support for this 
proposal is by Fairclough, Venables, and Tattersall (2005) who suggested 
that, when in a high demand situation, tasks of low priority or demand 
may be neglected to focus on those with higher demand. Perhaps an ad-
aptation occurs after exposure to high sensory input, allowing the body to 
function better under high demand conditions. This adaptation may occur 
at the relative expense of low demand functions.

The findings of the present study may have implications for the use of 
sport stacking in educational, learning, or remedial contexts. The results 
suggest that it may be important to screen children for their profile of au-
ditory and visual attention function under both high and low demand 
conditions. The manner in which they should be taught to perform sport 
stacking may then be adjusted so as to elicit the desired response. For ex-
ample, to improve high demand functioning, instruction could be direct-
ed at improving speed of performance; whilst to improve low demand 
functioning, instruction may be directed at minimizing errors and ensur-
ing slower, deliberate movements. These results reveal that a speeded in-
tervention may be beneficial for those who experience difficulties in terms 
of functioning under high demand conditions. However, it is also pos-
sible that it is detrimental to functioning under low demand conditions. 
This hypothesis needs to be further investigated. Further studies should 
incorporate instructions aimed toward improving both high and low de-
mand performance. This may allow for better understanding of the adap-
tive mechanisms with regard to motor and cognitive functions.
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