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The visuospatial working memory plays a crucial role in the occupational performance of children including daily living and
academic achievement. Unfortunately, relevant visuospatial working memory tests in the occupational therapy setting are
lacking. Therefore, it is of clinical interest to develop new assessment tools in this area. The present study is aimed at
summarizing the development of the visuospatial working memory assessment (VWMA) and assessing its psychometric
properties. The results revealed that the score of item-objective congruence index (IOC) was 1.0 in overall items of assessment.
The Cronbach alpha test confirmed that the internal consistency of VWMA showed good reliability in both types of the
assessment, with the total score of computerized tests being .88 and the tabletop tests being .81. The computerized test was
found to have excellent test-retest reliability with intraclass correlation coefficient (ICC) values ranging from .88 to .99. The
tabletop test was found to have a fair to good test-retest reliability with the ICC values ranging from .51 to .63. As regards
construct validity, the results revealed that the tasks in the computerized test identified a significant difference between the
control group, normal children, and children with attention deficit/hyperactivity disorder (ADHD) group. The exception to this
was the N-back task in which the independent sample t-test of computerized test ranged from 1.61 to 6.23. The results of the
tabletop test revealed a significant difference between normal children and the children in the ADHD group over all tasks in
which the independent sample t-test ranged from 3.05 to 8.40. In conclusion, good psychometric properties established as
regards content validity, internal consistency, test-retest reliability, and construct validity provide evidence to support the
position that the new VWMA is appropriate for children.

1. Introduction

Working memory can be described as a system of the brain,
which momentarily stores and manipulates the information
that is needed for the complex cognitive tasks of compre-
hending language, learning, and reasoning [1]. The mecha-
nisms and processes which hold the mental representations
of most current urgency for ongoing cognitive tasks available
for processing are also part of working memory [2]. A rea-
sonable inclusive definition is therefore the comparatively

small body of information that a person can retain in mind,
attend to, or, in technical terms, maintain in a state that can
be quickly accessed at a single time [3]. Working memory
is pivotal to the complex activities and occupational perfor-
mance of children. At this crucial stage of development,
working memory capacity is significantly associated with
processing speed, attention span, language, writing, and
mathematics [4–6].

In particular, visuospatial working memory is the main
part of working memory responsible for storage of visual
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information. It allows people to begin a journey and turn at
the correct point to arrive at their destination safely. This is
particularly the case when in an unfamiliar context [7–9].
Visuospatial working memory can be classified into a spatial
component (e.g., memory of where the landmark is situated)
and a separate visual component (memory of objects and
their visual characteristics, such as color and surfaces) [10,
11]. Research has shown that visuospatial working memory
is strongly linked to academic achievement in children, espe-
cially as regards early visuospatial working memory develop-
ment of preschool-aged children [12]. According to a
previous study by Ricle and colleagues [13], processing speed
was found to have a direct impact on the performance of
visuospatial working memory tasks, mediated by visuospatial
working memory. This implies that the storage and concur-
rent processing capacity of visuospatial working memory
partially mediates the relationship between the facility of a
response to a visuospatial stimulus and ultimately to general
intelligence.

Children with visuospatial working memory deficit
exhibit poor working memory profiles including those asso-
ciated with mathematics and arithmetic problem solving,
[14, 15]. Mathematical achievement is an especially signifi-
cant factor in the prediction of future academic performance,
career progression, and occupational outcome [16–18]. A
study by Swanson and Howell [19] reported a significant cor-
relation between reading comprehension and both verbal
working memory and visuospatial working memory mea-
sures. Goff and colleague [20] found a small correlation
between visuospatial working memory performance and
reading comprehension, but the contribution of verbal work-
ing memory was not significant. Children with reading dis-
abilities, regardless of their verbal intelligence or concurrent
arithmetic difficulties, showed lower levels of memory perfor-
mance in comparison to skilled readers. This group showed
pervasive memory deficit in the executive system that plays
a primary role in literacy growth, when compared with the
achievement level of skilled readers [21].

Interference appears to affect the close relationship
between working memory and high levels of cognitive effi-
ciency [22]. Several studies have reviewed academic develop-
ment in children, and the findings indicated that children
with poor reading comprehension are the prototypical exam-
ple of a learning disability strictly associated with a working
memory deficit with the failure to control intrusion by irrel-
evant information [23, 24]. The presence of processing dis-
tractors enforces stronger encoding into working memory
than merely attending to them [25]. Measures of controlled
attention were found to show a substantial correlation with
measures of (visual) working memory when no irrelevant
stimuli were presented and no contents needed to be removed
from the working memory [26].

From a review of current assessment procedures, we
found that the assessments were not always appropriate for
the measurement of cognitive ability as regards provision of
clues for enhanced occupational therapy treatment. This
was because nearly all tools used involved neurocognitive
assessments to identify and predict cognitive deficit. There
have also been limitations in using the assessments in an

occupational therapy setting because most of the working
memory assessments have been developed by workers in psy-
chological and neurological fields. Therefore, occupational
therapists have the competencies necessary to use these assess-
ments to measure working memory performance of children
with the aim of informing an occupational intervention plan.

The format of the visuospatial working memory assess-
ment constructed in this research consists of two parts, a
computerized and a tabletop test. There are benefits to both
forms of assessment. Computer assessments provide utiliz-
able data effectively and quickly with a consistent presenta-
tion of stimuli to all participants. It can therefore limit
experimental errors and can be a convenient method for
nonexpert assessors, with a user-friendly interface. However,
in the case of the tabletop test, there are some advantages in
that a real object task enables children to perform the tasks
on their own with objects used in the assessment. This effect
is stronger as there is an aspect of realism in the eyes of chil-
dren. The tabletop test was designed in the form of a board
game, which is a novel approach at the present time and
has been found to encourage the children to participate in
the test. This pragmatic approach facilitates the use of the test
by occupational therapists in clinical assessment.

Undoubtedly, working memory is generally regarded as
having finite capacity [3, 27]. According to Cowan [7], young
adults have approximately four chunks of working memory,
while children and older adults have fewer blocks. Thus,
working memory test measures are crucial in the determina-
tion of cognitive functioning and fundamental skills neces-
sary for academic learning [28]. However, at present, there
are a variety of tasks that researchers usually prefer to use
to determine working memory performance. In particular,
the N-back and running memory tasks are frequently used
to test visuospatial working memory, one component of
working memory. Researchers currently prefer the N-back
task in studies into working memory because it taps into pro-
cesses involving manipulation as well as maintenance of
information in working memory (e.g., [29–31]). Addition-
ally, the mechanism behind running memory span is also
of recent interest because this task has led to competing infer-
ences about working memory [32–34].

It is well-known that visuospatial working memory is the
main part of working memory essential to daily occupational
performance of children. It enables them to encode or update
the spatial position of objects, as well as to retain and manip-
ulate the information to perform such daily activities as
reading, writing, and mathematics [1, 5, 6]. Therefore, the
research team was interested in developing a visuospatial
working memory assessment for children aged 7-12 years, a
critical period in the life of a child as regards the development
of these skills. This study is aimed at outlining the develop-
ment and examining the psychometric properties of the
VWMA in terms of content validity, internal consistency,
test-retest reliability, and construct validity.

2. Materials and Methods

The methodology for the study comprised three phases.
Phase I presents the theoretical conceptualizations of
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assessment development. Phase II describes expert evalua-
tion methods to examine the content validity of the
developed VWMA. Phase III describes the examination
of psychometric properties of assessment tools in terms
of internal consistency, reliability, and test-retest reliabil-
ity. The details of the methodology in each study phase
are as follows.

2.1. Phase I: Theoretical Conceptualization of Assessment
Development. The VWMA was developed based on Badde-
ley’s Working Memory Model [1, 35] as part of visuospatial
sketchpad. The concept of N-back and running memory
tasks was applied in visuospatial form to design the items of
the visuospatial working memory test. Details concerning
two aspects of the VWMA, specifically the N-back and run-
ning memory tasks, will be described later. The assessment
included the aspect of interference in three experiments in
the test: noninterference, auditory interference, and visual
interference. The VWMA was divided into two parts: the
computerized test and the tabletop test. The computerized
test included automated administration, scoring, and an
interpretation process. The participants were presented with
stimuli on a computer screen and were instructed to respond
to the tasks. The tabletop test was presented in a board game
format whereby children were tested by following the
instructions of an examiner. In this test, evaluation of visual
processing was carried out using realistic objects. Both the
computerized and tabletop aspects of the VWMA included
18 items.

During the development of any test, in this case the psy-
chometric assessment, test-retest reliability is crucial in
establishing the validity in construct of the assessment. The
most straightforward method for determining the reliability
of test scores is to administer the identical test twice to the
same group of heterogeneous and representative subjects
and compare the resulting data. If the test is perfectly reliable,
each person’s second score will be completely predictable
from his or her first score [36]. In addition, Devellis [37] sug-
gested that the reliability of a set of items administered on
two occasions can be estimated by the correlation between
the scores from the two occasions.

2.2. Phase II: Expert Evaluation Method. To examine the con-
tent validity of the developed VWMA, a team of experts
judged the methods used. The first draft of the developed
assessment tool was sent to five experts across the areas of
neuropsychology, special education, and occupational ther-
apy. The experts included a pediatrician, a psychologist, a
teacher, a special education teacher, and an occupational
therapist, who participated in this study for the construct of
visuospatial working memory performance. The five experts
were asked to rate each item of the assessment tools using
the following scale: agree (1), disagree (-1), or not sure (0).
The rating of all items was calculated for its Item Objective
Congruence index (IOC). The values of IOC between 0.05
and 1 were accepted. After that, all items of the assessment
were revised and improved according to suggestions from
the experts. The researchers then modified the assessments
in accordance with any suggestions by the experts. Finally,

the efficacy of assessment was appraised in a pilot study of
a sample group of 10 children. The results from this pilot
study led to the approval of the assessments.

2.3. Phase III: Examination of the Psychometric Properties of
the Assessment Tool (Internal Consistency, Reliability, Test-
Retest Reliability, and Construct Validity). The aim of the
research methodology in this phase was to achieve internal
consistency, reliability, test-retest reliability, and construct
validity. The details of the procedure are as follows:

2.3.1. Participants. The participants included sixty normal
children and thirty children with ADHD aged between 7
and 12 years old, all participants being selected using purpo-
sive sampling. The researcher contacted the director and the
teachers of the school to receive the children’s information.
After that, the parents of the children were contacted to seek
their consent for participation in this study. The research
study was approved by the ethics committee. In this study,
all participants had an intelligence quotient level within the
average range of the TONI-4 measurement [38].

2.3.2. Materials and Procedure. To examine the internal con-
sistency and test-retest reliability in Phase III, the material in
both computerized and tabletop test aspects of the VWMA
was included. The format and the procedures involved in
the computerized and tabletop tests are described below.

2.3.3. Computerized Test. The computerized test comprised
an N-back and running memory test.

(1)N-back Task. In theN-back task, as shown in Figure 1, the
participant was presented with continuous stimuli in a 9 × 9
grid on the computer screen at a viewing distance of approx-
imately 50 cm. Each stimulus was presented for 2000 milli-
seconds in a specific sequential order (30–50 stimuli). The
participant was requested to click on the red button if the
stimulus shown was a red cross and appeared in the same
position as n (1, 2, 3) stimulus back. In the N-back with
auditory interference task, a dinging sound was heard as
each stimulus appeared. A yellow cross was the visual inter-
ference in the N-back with visual interference task. The
assessment included three levels of tests: 1-back, 2-back,
and 3-back tasks.

(2) Running Memory Task. In the running memory task, as
shown in Figure 1, the participant was presented with stimuli
in the 9 × 9 grid on the computer screen at about 50 cm of a
viewing distance. The grid was shown with a red dot appear-
ing in any space for 2000 milliseconds (4-8 times) and then it
disappeared. After the red dot vanished, the computer screen
showed a blank grid. Then, the participant was requested to
recall and click on the last 1, last 2, or last 3 positions where
the red dot appeared. In the running memory with auditory
interference task a ding sound could be heard as each stimu-
lus appeared. A yellow dot was the visual interference in the
running memory with visual interference task. The assess-
ment included three levels of tests: 1 last running memory,
2 last running memory, and 3 last running memory tasks.
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2.3.4. Tabletop Test

(1) N-back Task. In the Pirate Ship game, as shown in
Figure 2, the participant was presented with the 9 × 12 inch
sea view board which was divided into nine grids. In this
game, the examiner placed and removed the ship in sequen-
tial order left in position for 2000 milliseconds (12–15 times).
During the game, the participant was instructed to leave a
bomb by the pirate ship on any space of the sea board imme-
diately if the ship had returned to the same n (1, 2, 3) posi-
tion. In the N-back with auditory interference task, a ding
sound could be heard as each ship moved. Another ship
was the visual interference in the N-back with visual interfer-
ence task. The assessment included three levels of tests: 1-
back, 2-back, and 3-back tasks.

(2) Running Memory Task. In the Feeding Elephant game, as
shown in Figure 2, the participant was presented with nine
elephant models, each 3 inches in size. The examiner placed
a model banana in front of an elephant model n times (4-7)
for 2000 milliseconds mimicking the feeding of each ele-
phant. When the examiner was finished, the participant
was instructed to recall and place a banana on the last 1, last
2, or last 3 positions in sequence. In the running memory
with auditory interference task, a ding was sounded as each
yellow banana was moved. A green banana was used as the
visual interference in the running memory with visual inter-
ference task. The assessment included three levels of tests: 1
last running memory, 2 last running memory, and 3 last run-
ning memory tasks.

2.3.5. Procedure. The methodology of Phase III was to exam-
ine the psychometric properties of assessment in terms of
internal consistency, test-retest reliability, and construct
validity. The computerized and tabletop tests of VWMA
were administered to 60 normal children to compile data to
examine the internal consistency and test-retest reliability.
After the data collection, Cronbach’s alpha was analyzed to
establish the internal consistency reliability of the assess-
ment. Two weeks later, the same group of children was ree-
valuated using the same assessment to examine the test-

retest reliability. The intraclass correlation coefficient (ICC)
was used to examine consistency of the test-retest reliability
of the assessment.

For construct validity, Cronbach’s alpha coefficient
equals to zero in the null hypothesis was used to determine
a sample size of participants in this study [39]. In addition,
the computerized and tabletop tests of VWMA were also
administered to the 30 children with ADHD, the investiga-
tion group. The data from 30 age-matched children from
the control group of 60 was compared with the 30 children
with ADHD, the investigation group. In the first instance,
the data from 30 normal children and 30 children with
ADHD was used to examine the distribution of the sample
data. If the data was normally distributed, an independent
sample t-test was used to assess the statistical significance
of the testing of the hypothesis. The Wilcoxon signed-rank
test was used to compare two populations when the data were
not normally distributed.

3. Results

This study is aimed at reporting the development of a new
VWMA and the psychometric properties in terms of content
validity, internal consistency, test-retest reliability, and con-
struct validity.

3.1. Content Validity. The item-objective congruence (IOC)
was used to examine the content validity of the VWMA.
Thirty-six items of the assessment were examined to evaluate
content validity with indices of IOC for multidimensional
items. The results indicated that the VWMA had excellent
content validity in both types of test. The IOC among five
raters was 1.0 in overall items of the assessment, with highly
rated items indicating the construct of visuospatial working
memory performance. However, there were some useful sug-
gestions offered by the experts as regards completion time,
interference figure, objects, and number of subtests of each
item. Consequently, the assessment was revised following
the suggestions by the experts, which resulted in a higher
content validity.

1000 ms

Running
memory task 

Stimulus 1 Stimulus 2 Stimulus 3 

Stim
ulus 1

N-back task

2000 ms

Stim
ulus 2

Stim
ulus 3

Stim
ulus 4 (m

atched)

1st

2nd

Figure 1: Example of the N-back and running memory task in the computerized test.
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The modifications of assessment based on the experts’
suggestions were in both the computerized and tabletop tests.
In the computerized test, the visual interference figure of the
N-back task was changed from a green cross to a yellow
cross. The number of stimuli in each subtest was increased
based on the difficulty level of the N-back task. The comple-
tion time was changed to correspond to the number of stim-
uli in each task. In the tabletop test, the number of items in
the N-back task was reduced to two sets in each task. There-
fore, the completion time was changed to correspond to the
number of the sets of the tasks. Also, in the running memory
task, the number of items was reduced to five items. The
completion time was thus changed to be consistent with the
number of sets of the tasks. The team of experts also sug-
gested that the baskets for keeping bananas in front of the ele-
phants could interfere with the visuospatial working memory
performance of the children; therefore, the baskets were
removed, and only bananas were placed on the board.

3.2. Internal Consistency. Cronbach’s alpha coefficient was
used to examine the internal consistency of the assessment,
the results are shown in Table 1. The results show that the
computerized test was found to have good reliability (18
items; α = :88). The Cronbach alpha scores for 9 N-back
and 9 running memory items were .91 and .75, respectively.

Similarly, the tabletop test was found to have good reliabil-
ity (18 items; α = :81). Cronbach’s alpha scores for 9 N-back
and 9 running memory items were .80 and .74, respectively.

3.3. Test-Retest Reliability. The test-retest reliability of the
VWMA was evaluated through the comparison of the score
correlation of the same test done by the same participant
on two different occasions. Pearson’s correlation coefficient
was used to determine the reliability of the assessment.

The intraclass correlation coefficient was used to examine
test-retest reliability of the assessment as shown in Table 2.
The results showed that the computerized test was found to
have excellent reliability across all aspects. In addition, the
results revealed that the tabletop test was found to have fair
to good reliability.

3.4. Construct Validity. The nonparametric Kolmogorov-
Smirnov test was used to compare the two groups, the control
and investigation groups. The results indicated that the mean

total scores of the control group and the children with
ADHD were normally distributed. There was a significance
in overall tasks (p = :06), N-back task (p = :20), and running
memory task (p = :06). An independent t-test was used to
compare the mean scores of the children with ADHD and
the control group. The outcomes are shown in Table 3.

The independent sample t-test was conducted to com-
pare the visuospatial working memory performance of the
control group of children and children with ADHD. The
results indicate that the tasks of the computerized test
revealed a significant difference between the two groups,
the exception being the N-back task, as shown in Table 3.
There was a significant difference in the N-back with audi-
tory interference and N-back with visual interference task
between the two groups as shown in Table 3.

In the tabletop test, the results showed that overall, the
tasks of the tabletop test indicate a significant difference
between the two groups as shown in Table 3. There was a sig-
nificant difference in N-back, N-back with auditory interfer-
ence, and N-back with visual interference task between the
two groups as shown in Table 3.

4. Discussion

The purpose of developing the assessments was to detect the
performance of children in order to encourage learning and
sustain visuospatial working memory function, which will
raise the awareness of both parents and teachers regarding
the child’s performance level. It will enhance the understand-
ing of problems that could interrupt the child’s performance

N-back task 

Running
memory task

Stimulus 1 Stimulus 2                    Stimulus 3 Stimulus 4 (matched) 

Stimulus 1 Stimulus 2                    Stimulus 3 

2nd

1st

Figure 2: Example of the N-back and running memory task in the tabletop test.

Table 1: Internal consistency of assessment based on statistical
analysis using Cronbach’s alpha coefficient.

Assessment Task
Cronbach’s alpha
coefficient (α)

Total Cronbach’s
alpha coefficient

(α)

Computerized
test

N-back .91
.88Running

memory
.75

Tabletop test
N-back .80

.81Running
memory

.74

5Occupational Therapy International



in both occupational and daily activities. It will also offer
appropriate treatment, early intervention, and suggestions
for ongoing treatment in occupational therapy. The present
study is aimed at developing and examining psychometric
properties as regards content validity, internal consistency,
test-retest reliability, and construct validity of this new visuo-
spatial working memory assessment, which includes both
computerized and tabletop formats.

Content validity is concerned with whether the content of
a test elicits a range of responses that are representative of the
entire domain or universe of skills, understanding, and other
behaviors which a test is designed to measure. Responses to
the sample of items on a well-designed test are presumably
indicative of what the responses would be for the entire uni-
verse of behaviors of interest [40]. Furthermore, Devellis [37]
noted that content validity is related to the definition of the
construct being examined within which the contents of a
scale should reflect the conceptual definition applicable to
that scale. The VWMAwas found to have a high level of con-
tent validity as regards construction of visuospatial working
memory theory, indicating that the content validity of the
developed assessment was adequate.

There are possible reasons for the excellent IOC recorded
in this study. First, the assessment tool was developed based
on sound theory associated with working memory and an

extensive review of literature. This VWMA was developed
on the basis of Baddeley’s working memory model [41]
including the visuospatial sketchpad. The concepts behind
the tasks developed were based on the theory of the
respected N-back [42] and running memory span tasks
[43]. Second, the format of the tests, including the instruc-
tion, the scoring system, and the pictures used, was devel-
oped in a standardized manner. The items of assessment
are representative of the universe of behaviors which are
developed to measure visuospatial working memory perfor-
mance. The results of the study revealed that the VWMA
had an appropriate level of content validity. This evidence
adds weight to the usefulness of the assessment, supported
by peer review as it agrees with Gregory [36] who noted that
content validity serves as a crucial concept when there is
extensive knowledge about the variable under assessment.
The achievement test contributes to the possibility of speci-
fying the relevant universe of behavior.

The internal consistency is beneficial for the evaluation of
the test homogeneity, which can be established if the items
within the test can measure a single trait, meaning they are
unifactorial [44]. It is also concerned with the homogeneity
of the items within a scale. The scales based on classical
measurement models are intended to measure a single phe-
nomenon [37]. Cronbach’s alpha coefficient was used to

Table 2: Test-retest reliability of VWMA based on statistical analysis using Cronbach’s alpha coefficient.

Format Task
Intraclass
correlationb

95% confidence interval
F test with
true value 0

Lower bound Upper bound Value p

Computerized test

N-back
Single measures .80a .68 .87 8.84 .00

Average measure .89c .81 .93 8.84 .00

N-back with auditory interference
Single measures .79a .68 .87 8.72 .00

Average measure .89c .81 .93 8.72 .00

N-back with visual interference
Single measures .78a .66 .86 8.09 .00

Average measure .88c .79 .93 8.09 .00

Running memory
Single measures .98a .97 .99 117.03 .00

Average measure .99c .99 .99 117.03 .00

Running memory with auditory
interference

Single measures .98a .96 .99 83.41 .00

Average measure .99c .98 .99 83.41 .00

Running memory with visual
interference

Single measures .79a .68 .87 8.70 .00

Average measure .89c .81 .93 8.70 .00

Tabletop test

N-back
Single measures .44a .21 .62 2.56 .00

Average measure .61c .35 .77 2.56 .00

N-back with auditory interference
Single measures .43a .20 .62 2.51 .00

Average measure .60c .33 .76 2.51 .00

N-back with visual interference
Single measures .35a .10 .55 2.06 .00

Average measure .51c .19 .71 2.06 .00

Running memory
Single measures .35a .11 .56 2.09 .00

Average measure .52c .19 .71 2.09 .00

Running memory with auditory
interference

Single measures .42a .19 .61 2.46 .00

Average measure .59c .32 .76 2.46 .00

Running memory with visual
interference

Single measures .46a .23 .64 2.70 .00

Average measure .63c .38 .78 2.70 .00
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examine the internal consistency of the VWMA in both the
computerized and tabletop tests. The results revealed good
internal consistency reliability in both the computerized
and tabletop tests. These results indicated that all items
within the VWMA could measure the same construct of
visuospatial working memory performance. The results of
high internal consistency reliability support the strength of
the test development based on the theory that an assessment
measures the single factor among all items. Miller et al. [45]
have suggested that internal consistency is a measure of
how related the items (or groups of items) are to each other.
Another way to think about it is whether knowledge of how a
person answered one item on the test would give you infor-
mation that would help you correctly predict how he or she
answered another item on the test.

The results of this study indicated that the VWMA illus-
trated an adequate Cronbach’s alpha coefficient total score,
suggesting that the assessment was developed to measure
the single factor among all items. The homogeneity charac-
teristic of the assessment describes a relativity between all
items of the assessment which are measured to predict the
same factor. In addition, the assessment appeared statistically
to have the same construct in all of its items, indicating its
quality as a tool to measure visuospatial working memory
performance of children.

To examine the test-retest reliability of the assessment,
the VWMA was used to examine the performance of sixty
normal children twice in two weeks. An analysis of intraclass

correlation coefficient (ICC) was used to determine test-
retest reliability of the assessment. The results showed that
the test-retest reliability of the assessment were within statis-
tically significant limits. The reported ICC values for VWMA
were excellent for the computerized test. The tabletop test
was found to have a fair to good reliability. The variable that
may reflect changes in test-retest reliability of the tabletop
test included children’s cumulative experience as children
performed better as regards visuospatial working memory
performance during the second examination. This is because
children were likely to have gained perspective about the
administration and instructions of the tabletop test, which
they could then adapt and apply to the real object test.
Aiken and Groth-Marnat [40] concluded that the test-
retest procedure takes into account errors of measurement
resulting from differences in conditions (environmental
and personal) associated with the two occasions on which
the test is administered.

Nevertheless, the results indicated that the assessment
had stable reliability in measuring visuospatial working
memory performance over time, which can be supported
by several pieces of evidence. First, there was a consistency
in the examination process in both the computerized and
tabletop tests, in particular in the computerized test, which
could enhance the administration and interpretation of the
online format. The computerized test enables examiners to
reduce testing time and increase test accuracy to enable
faster scoring, reporting, and access to results. Also, in the

Table 3: Analysis of the known-group method of the computerized test analyzed statistically using the independent sample t-test (N = 60).

Format Task

Independent t-test for equality of means

t Df p
Mean

difference
Std. error
difference

95% confidence
interval of the
difference

Lower Upper

Computerized
test

N-back

N-back 1.61 59 .11 .74 .46 -.18 1.66

N-back with auditory
interference

2.13 59 .04 .96 .45 .06 1.86

N-back with visual
interference

2.48 59 .02 1.23 .50 .24 2.22

Running
memory

Running memory 5.34 59 <.001 1.57 .30 .98 2.16

Running memory with
auditory interference

6.23 59 <.001 1.69 .27 1.15 2.23

Running memory with
visual interference

5.86 59 <.001 1.60 .27 1.05 2.14

Tabletop test

N-back

N-back 3.52 59 <.001 1.14 .32 .49 1.78

N-back with auditory
interference

5.34 59 <.001 2.01 .38 1.26 2.76

N-back with visual
interference

3.05 59 <.001 1.07 .35 .37 1.78

Running
memory

Running memory 7.17 59 <.001 2.01 .28 1.45 2.57

Running memory with
auditory interference

8.40 59 <.001 2.27 .27 1.73 2.81

Running memory with
visual interference

8.03 59 <.001 2.19 .27 1.64 2.73

Note: ∗p < 0:05.
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case of the tabletop test, the examiners were more precise
when they had received training, thereby providing accurate
administration of the same test on two separate occasions. Fur-
thermore, the content of the assessment includes a cognitive
ability test involving executive function where no differences
can be observed over a short periodof time for any children that
are perhaps notmature enough to perform complex tasks until
adolescence or early adulthood (e.g., [46–48]). Therefore, the
performance of each child did not differ when measured on
two separate occasions. The results revealed a high level of
test-retest reliability which supports the appropriate nature
of the assessment as a tool to evaluate visuospatial working
memory over time.

A known-group method was used to examine the con-
struct validity of the visuospatial working memory assess-
ment, which compared performances between children
with ADHD and normal children. The results from the tasks
in the computerized test showed a significant difference
between the control group and children with ADHD. How-
ever, the remarkable finding was that the tasks in the com-
puterized test showed a significant difference between the
control group and the ADHD group except from the N
-back task. It was clearly seen that children with ADHD
showed the same visuospatial working memory ability as
the control group. The difference regarding the N-back task
in the computerized test was at the first level of the N-back
task. This is a very straightforward assessment so the children
could easily complete the task.

The results of the tabletop test revealed a significant dif-
ference between the control group and the children in the
ADHD group overall. Clearly, the noninterference task of
the N-back in the computerized test was not strong enough
to affect the visuospatial working memory performance of
children with ADHD as both groups showed the same level
of performance in this task. This evidence could suggest an
effect of interference that children with ADHD did not per-
form a visuospatial working memory performance differently
on the noninterference condition of N-back tasks compared
to normal children. However, the result revealed that chil-
dren with ADHD showed lower levels of performance in
the interference of visuospatial working memory tasks when
compared with the control group. The children in the ADHD
group had lower efficiency levels especially in the interference
tasks, showed more error responses, and were easily dis-
tracted during tasks. These results supported the previous lit-
erature evidence of interference control in ADHD. Barkley
[49] stated that the main deficit in ADHDwas behavioral dis-
inhibition, which divided cognitive inhibition into three
interrelated procedures: first, inhibiting an originally prepo-
tent response to an event; second, trying to prevent a pattern
of continuous response or response pattern; and third, con-
trolling of interference. Children with ADHD have usually
been found to be readily distracted by irrelevant data [50],
the key ADHD deficit being the inability to use inhibitory
processes when necessary [49]. The results of our study
showed a difference in the visuospatial working memory per-
formance between a control group of children not diagnosed
with ADHD and children with ADHD especially in condi-
tions in which there was interference.

5. Conclusions

In conclusion, the results show that the VWMA developed as
a result of this study had good content validity, internal con-
sistency, test-retest reliability, and construct validity. The
VWMA showed adequate preliminary psychometric proper-
ties to enable the assessment of visuospatial working memory
performance in children. An important point is that the
visuospatial working memory plays a crucial role in the occu-
pational performance of children, including aspects associ-
ated with daily living and academic learning. Consequently,
the VWMA will be of benefit for occupational therapists in
clinical use to identify visuospatial working memory prob-
lems that could affect the occupational performance of chil-
dren both at the time and in the future.

Data Availability

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Conflicts of Interest

The authors declare that they have no competing interests in
this research.

Acknowledgments

This study was supported by the Faculty of Associated Med-
ical Sciences and Graduate School, Chiang Mai University.
The authors are grateful to all the participants and everyone
who contributed to this research.

References

[1] A. D. Baddeley, “Working memory: theories, models, and
controversies,” Annual Review of Psychology, vol. 63, no. 1,
pp. 1–29, 2012.

[2] K. Oberauer, “Working memory and attention: a conceptual
analysis and review,” Journal of Cognition, vol. 2, no. 1, p. 36,
2019.

[3] N. Cowan, Working Memory Capacity, Lawrence Erlbaum,
New York, 2005.

[4] J. Formoso, I. Injoque-Ricle, J.-P. Barreyro, A. Calero,
S. Jacubovich, and D. I. Burín, “Mathematical cognition, work-
ing memory, and processing speed in children,” Cognition,
Brain, Behavior. An interdisciplinary journal, vol. 22, no. 2,
pp. 59–84, 2018.

[5] S. E. Gathercole, T. P. Alloway, C. Willis, and A.-M. Adams,
“Working memory in children with reading disabilities,” Jour-
nal of Experimental Child Psychology, vol. 93, no. 3, pp. 265–
281, 2006.

[6] I. Injoque-Ricle, A. D. Calero, T. P. Alloway, and D. I. Burin,
“Assessing working memory in Spanish-speaking children:
Automated Working Memory Assessment battery adapta-
tion,” Learning and Individual Differences, vol. 21, no. 1,
pp. 78–84, 2011.

[7] N. Cowan, “The magical number 4 in short-term memory: a
reconsideration of mental storage capacity,” Behavioral and
Brain Sciences, vol. 24, no. 1, pp. 87–114, 2001.

8 Occupational Therapy International



[8] M. J. Dehn, Working Memory and Academic Learning:
Assessment and Intervention, Jon Wiley & Sons, Hoboken,
New Jersey, 2008.

[9] S. J. Luck and E. K. Vogel, “The capacity of visual working
memory for features and conjunctions,” Nature, vol. 390,
no. 6657, pp. 279–281, 1997.

[10] K. C. Klauer and Z. Zhao, “Double dissociations in visual and
spatial short-term memory,” Journal of Experimental Psychol-
ogy: General, vol. 133, no. 3, pp. 355–381, 2004.

[11] R. H. Logie, “The seven ages of working memory,” inWorking
Memory and Human Cognition, J. T. E. Richardson, R. W.
Engle, L. Hasher, R. H. Logie, E. R. Stoltzfus, and R. T. Zacks,
Eds., pp. 31–65, Oxford University Press, New York, 1996.

[12] S. E. Gathercole, L. Brown, and S. J. Pickering, “Working
memory assessments at school entry as longitudinal
predictors of National Curriculum attainment levels,”
Educational and Child Psychology, vol. 20, no. 3,
pp. 109–122, 2003.

[13] I. Injoque-Ricle, J. P. Barreyro, J. Formoso, and D. I. Brurin,
“Working memory, Process ing speed and general intelligence:
possible models of relations with visuospatial working mem-
ory using the visuospatial computerized working memory bat-
tery (BIMeT-VE),” Temas em Psicologia, vol. 26, no. 1,
pp. 413–427, 2018.

[14] A. R. A. Conway and R. W. Engle, “Working memory and
retrieval: a resource dependent inhibition model,” Journal of
Experimental Psychology: General, vol. 123, no. 4, pp. 354–
373, 1994.

[15] K. M. Wilson and H. L. Swanson, “Are mathematics disabil-
ities due to a domain-general or a domain-specific working
memory deficit?,” Journal of Learning Disabilities, vol. 34,
no. 3, pp. 237–248, 2001.

[16] G. J. Duncan, C. J. Dowsett, A. Claessens et al., “School readi-
ness and later achievement,” Developmental Psychology,
vol. 43, no. 6, pp. 1428–1446, 2007.

[17] D. Lubinski and C. P. Benbow, “Study of mathematically
precocious youth after 35 years uncovering antecedents
for the development of math-science expertise,” Perspec-
tives on Psychological Science, vol. 1, no. 4, pp. 316–345,
2006.

[18] F. L. Schmidt and J. Hunter, “General mental ability in the
world of work: occupational attainment and job performance,”
Journal of Personality and Social Psychology, vol. 86, no. 1,
pp. 162–173, 2004.

[19] H. L. Swanson and M. Howell, “Working memory, short-term
memory, and speech rate as predictors of children’s reading
performance at different ages,” Journal of Educational Psychol-
ogy, vol. 93, no. 4, pp. 720–734, 2001.

[20] D. A. Goff, C. Pratt, and B. Ong, “The relations between chil-
dren’s reading comprehension, working memory, language
skills and components of reading decoding in a normal sam-
ple,” Reading and Writing: An Interdisciplinary Journal,
vol. 18, no. 7-9, pp. 583–616, 2005.

[21] H. L. Swanson and O. Jerman, “The influence of working
memory on reading growth in subgroups of children with
reading disabilities,” Journal of Experimental Child Psychology,
vol. 96, no. 4, pp. 249–283, 2007.

[22] P. Palladino and M. Ferrari, “Interference control in work-
ing memory: comparing groups of children with atypical
development,” Child Neuropsychology, vol. 19, no. 1,
pp. 37–54, 2013.

[23] K. Cain, “Individual differences in children’s memory and
reading comprehension: an investigation of semantic and
inhibitory deficits,”Memory, vol. 14, no. 5, pp. 553–569, 2006.

[24] B. Carretti, C. Cornoldi, R. De Beni, and P. Palladino, “What
happens to information to be suppressed in Working–Mem-
ory tasks? Short and long term Effects,” The Quarterly Journal
of Experimental Psychology Section A, vol. 57, no. 6, pp. 1059–
1084, 2004.

[25] K. Oberauer, “Removal of irrelevant information from work-
ing memory: sometimes fast, sometimes slow, and sometimes
not at all,” Annals of the New York Academy of Sciences,
vol. 1424, no. 1, pp. 239–255, 2018.

[26] N. Unsworth, K. Fukuda, E. Awh, and E. Vogel, “Working
memory and fluid intelligence: capacity, attention control,
and secondary memory retrieval,” Cognitive Psychology,
vol. 71, pp. 1–26, 2014.

[27] W. J. Ma, M. Husain, and P. M. Bays, “Changing concepts of
working memory,” Nature Neuroscience, vol. 17, no. 3,
pp. 347–356, 2014.

[28] S. E. Gathercole, C. Tiffany, J. Briscoe, A. Thorn, and The
ALSPAC team2, “Developmental consequences of poor pho-
nological short-term memory function in childhood: a longi-
tudinal study,” Journal of Child Psychology and Psychiatry,
vol. 46, no. 6, pp. 598–611, 2005.

[29] D. V. Meegan, R. Purc-Stephenson, M. J. M. Honsberger, and
M. Topan, “Task analysis complements neuroimaging: an
example from working memory research,” NeuroImage,
vol. 21, no. 3, pp. 1026–1036, 2004.

[30] A. M. Owen, K. M. McMillan, A. R. Laird, and E. Bullmore,
“N-back working memory paradigm: a meta-analysis of
normative functional neuroimaging studies,” Human Brain
Mapping, vol. 25, no. 1, pp. 46–59, 2005.

[31] J. D. Ragland, B. I. Turetsky, R. C. Gur et al., “Working
memory for complex figures: an fMRI comparison of letter
and fractal n-back tasks,” Neuropsychology, vol. 16, no. 3,
pp. 370–379, 2002.

[32] M. Bunting, N. Cowan, and J. S. Saults, “How does running
memory span work?,” Quarterly Journal of Experimental
Psychology, vol. 59, no. 10, pp. 1691–1700, 2006.

[33] B. R. Postle, “Context in verbal short-term memory,”Memory
& Cognition, vol. 31, no. 8, pp. 1198–1207, 2003.

[34] T. A. Salthouse, “Relations between running memory and fluid
intelligence,” Intelligence, vol. 43, pp. 1–7, 2014.

[35] A. D. Baddeley, “Is working memory still working?,” European
Psychologist, vol. 7, no. 2, pp. 85–97, 2002.

[36] R. J. Gregory, Psychological Testing: History, Principles, and
Applications (121-123), Pearson Education, Inc., USA, 2007.

[37] R. F. DeVellis, Scale Development: Theory and Applications,
SAGE Publications, Inc., ThousandOaks, CA, 3rd edition, 2012.

[38] L. Brown, R. J. Sherbenou, and S. K. Johnsen, Test of Nonverbal
Intelligence-4 (TONI-4), PRO-ED, Austin, TX, 2010.

[39] M. A. Bujang, E. D. Omar, and N. A. Baharum, “A review on
sample size determination for Cronbach’s alpha test: a simple
guide for researchers,” Malaysian Journal of Medical Sciences,
vol. 25, no. 6, pp. 85–99, 2018.

[40] L. R. Aiken and G. Groth-Marnat, Psychological Testing and
Assessment, Pearson Education Group, Inc., The United State
of America, Twelfth edition, 2006.

[41] A. Baddeley, “The episodic buffer: a new component of work-
ing memory?,” Trends in Cognitive Sciences, vol. 4, no. 11,
pp. 417–423, 2000.

9Occupational Therapy International



[42] W. K. Kirchner, “Age differences in short-term retention of
rapidly changing information,” Journal of Experimental Psy-
chology, vol. 55, no. 4, pp. 352–358, 1958.

[43] I. Pollack, L. B. Johnson, and P. R. Knaff, “Running memory
span,” Journal of Experimental Psychology, vol. 57, no. 3,
pp. 137–146, 1959.

[44] R. J. Cohen and M. E. Swerdlik, Psychological Testing and
Assessment, McGraw Hill, New York, 6th edition, 2005.

[45] L. A. Miller, R. L. Lovler, and S. A. McIntire, Foundations of
Psychological Testing: Practical Approach, SAGE Publications,
Inc., Thousand Oaks, Calif, 4th edition, 2013.

[46] P. Anderson, “Assessment and development of executive func-
tion (EF) during childhood,” Child Neuropsychology, vol. 8,
no. 2, pp. 71–82, 2002.

[47] M. Luciana, H. M. Conklin, C. J. Hooper, and R. S. Yarger,
“The development of nonverbal working memory and execu-
tive control processes in adolescents,” Child Development,
vol. 76, no. 3, pp. 697–712, 2005.

[48] C. B. Romine and C. R. Reynolds, “A model of the develop-
ment of frontal lobe functioning: findings from a meta-analy-
sis,” Applied Neuropsychology, vol. 12, no. 4, pp. 190–201,
2005.

[49] R. A. Barkley, “Behavioral inhibition, sustained attention and
executive functions: constructing a unifying theory of ADHD,”
Psychological Bulletin, vol. 121, no. 1, pp. 65–94, 1997.

[50] V. Lawrence, S. Houghton, R. Tannock, G. Douglas,
K. Durkin, and K. Whiting, “ADHD outside the laboratory:
boy’s executive function performance on tasks in videogame
play and on a visit to the zoo,” Journal of Abnormal Child Psy-
chology, vol. 30, no. 5, pp. 447–462, 2002.

10 Occupational Therapy International


	The Development and Psychometric Properties of the Visuospatial Working Memory Assessment (VWMA) for Children
	1. Introduction
	2. Materials and Methods
	2.1. Phase I: Theoretical Conceptualization of Assessment Development
	2.2. Phase II: Expert Evaluation Method
	2.3. Phase III: Examination of the Psychometric Properties of the Assessment Tool (Internal Consistency, Reliability, Test-Retest Reliability, and Construct Validity)
	2.3.1. Participants
	2.3.2. Materials and Procedure
	2.3.3. Computerized Test
	2.3.4. Tabletop Test
	2.3.5. Procedure


	3. Results
	3.1. Content Validity
	3.2. Internal Consistency
	3.3. Test-Retest Reliability
	3.4. Construct Validity

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments

