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Abstract

Background: Cognitive abilities are essential for children’s development and independence. Various cognitive
assessments, standardized in Western cultures, have yet to be investigated for their multicultural suitability.

Aims: To explore the suitability of the Loewenstein Occupational Therapy Cognitive Assessment (LOTCA) for
a Jordanian population.

Methods: Observed cases of 442 Jordanian children aged 6–12 were used to perform exploratory factor analyses
using principal components with Varimax rotation (construct validity evidence) and to compute Cronbach’s α
coefficient (internal consistency reliability).

Results: High total performance on four subscales and a slightly lower total performance on two subscales were
observed. Observed performance increased with age on three subtests, whereas a more modest increase was
observed on the other three subscales. The expected one-factorial solution confirming the LOTCA’s subscales
homogeneity (unidimensionality) structure was found on five of six subscales. Variance explained by the
subscales ranged from 39 to 82% and internal consistency reliability measured by Cronbach’s alpha ranged
from .42 to .78.

Conclusions: Satisfactory construct validity and internal consistency reliability were demonstrated on two
subscales applicable to Jordanian children without adaptation. With adequate cross-cultural adaptation,
increasing internal consistency reliability in other subscales could make the LOTCA an effective tool for
assessing cognitive abilities in this population.

Keywords: Cognitive evaluation, Cognitive performance, Loewenstein occupational therapy cognitive
assessment (LOTCA)

Background
Cognitive abilities are skills that form the basis for every
human action and enable the performance of tasks ran-
ging from the simple to the complex. Such abilities, in-
cluding perceptual discrimination, selective attention,
memory, and language, are modified by the context in
which they developed [1] and represent an evolving
product of the interaction between people, activities, and
various environmental factors, such as culture and
socio-demographic status [2]. These factors determine

the type of handling, care, and training given to children,
the opportunities for interaction with the environment,
and the objects on which they focus [1, 3, 4].
Children vary in their underlying cognitive abilities to

process and use information, and these differences affect
a child’s learning and academic performance [2]. Indeed,
the critical importance of the early childhood years, for
cognitive growth and later success, is becoming increas-
ingly evident. Not only are some cognitive abilities, such
as reading and mathematical skills, strengthened in
school, but cognitive performance may also predict
school readiness and scholastic success [3, 4]. Therefore,
the assessment of children’s cognitive performance com-
ponents may provide a basic understanding of their
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abilities and disabilities in school performance [1]. Early
detection of high-risk and special needs children can en-
able the implementation of appropriate intervention dur-
ing early learning years [3–5] and influence other
aspects of adult life, including social and vocational life,
and all life occupations [6–8].
Furthermore, each culture has its own patterns of

practices that affect children’s development, behaviors,
skills, and attitudes, as well as cognitive performance [3,
4, 9]. Clinicians and researchers worldwide utilize stan-
dardized Western tools with strong psychometric prop-
erties for clinical purposes, with or without appropriate
cross-cultural adaptations. The use of standardized nor-
mative data for the purposes of practice with local popu-
lations, and the translation and adaptation of Western
instruments for use with populations speaking other lan-
guages and from different cultures, has drawn increased
attention in health-related research and practice [10–
12]. A review of cross-cultural studies demonstrated that
differences in performance on standardized developmen-
tal assessments may be attributed to cultural factors,
and that standardized assessments may not be valid or
reliable when used to evaluate individuals from a popu-
lation different from the one in which the original in-
strument was standardized [9, 13–15].
Currently, there are several standardized assessments

and screening instruments used by therapists and re-
searchers in the area of cognitive abilities [4, 16], includ-
ing the Kaufman Assessment Battery (KAB) for Children
[17], the Behavior Rating Inventory of Executive Func-
tion (BRIEF) [18], and the Woodcock-Johnson Tests of
Cognitive Abilities [19]. Although these tests focus on
assessing cognitive abilities, Occupational Therapists
(OTs) are not eligible to administer the KAB, whereas
the BRIEF is a questionnaire, which focuses solely on
Executive Functions. The Loewenstein Occupational
Therapy Cognitive Assessment (LOTCA), however, was
developed for practice by OTs, and both clinicians and
researchers routinely use it as a screening tool. One of
its main advantages is its ability to assess a range of in-
tact compared to impaired cognitive abilities, thereby
enhancing the designing and planning of therapeutic in-
terventions. In addition, the LOTCA was previously
used with children in several studies [20] and specifically
with Arabic speaking children [3, 4, 21]. The validity and
reliability of the LOTCA was previously examined in
studies where LOTCA was compared with other instru-
ments. For example, Jang et al. [31] showed that the
LOTCA is a valid measure of cognitive abilities for
people with intellectual disabilities. They examined psy-
chometric properties of the LOTCA and found correla-
tions with the Pictorial IQ test [31]. The clinical decision
to employ this instrument with Jordanian children was
based on its strong psychometric properties, minimal

language component (rendering translation and test
adaptation easier than other Western standardized tests),
as well as its extensive practical use by clinicians. For
these reasons, we deemed it reasonable to use the
LOTCA in the current study with Jordanian children.
To date, there is limited documented information on the
appropriateness of these standardized Western tests for
children of different cultures, though research has sug-
gested that the psychometric properties of a test may
vary in different cultural groups [15].
The present study represents an attempt to fill this void

by assessing the internal consistency reliability and con-
struct validity evidence of the LOTCA [22] when used
with Jordanian children. The purpose of this study was to
explore the suitability of the LOTCA for use with Jordan-
ian children, ages 6 to 12, by estimating the adequacy of
the psychometric properties of construct validity and in-
ternal consistency reliability when administered to Jordan-
ian children. It was hypothesized that the observed items
within each of the test’s six subscales would confirm the
LOTCA’s (a) homogeneity (unidimensionality) in terms of
item structure (construct validity evidence) and (b)
consistency structure of the items (internal consistency re-
liability). The results are expected to indicate the extent to
which the LOTCA is valid for use with Jordanian children
or whether differentiated norms are needed to accommo-
date cultural factors.

Methods
Study design
This cross-sectional study employed a retrospective design
and used quantitative methodology (hypotheses driven).

Participants
The participants were 442 typically developing (TD) chil-
dren, aged 6-12 years, enrolled in either public or private
schools. Recruitment was conducted via random distribu-
tion of 540 flyers to schoolchildren the day before data
collection and testing. The flyers contained a description
of the study, requested information about the child (e.g.,
date of birth, known disorders or disabilities), and in-
cluded a parental consent form. Children with known de-
velopmental, learning, or neurological/sensory disabilities,
as reported by the teacher and/or the parents, were ex-
cluded from the study. Of the 540 flyers, only 98 (18%) re-
cipients refused or were ineligible to participate.
Approval for conducting this study was obtained from

the Institutional Research Board (IRB) at King Abdullah
University Hospital and the Deanship of Scientific Research
at Jordan University of Science and Technology in Jordan.
Written parental consent and approval from the educa-
tional authorities were received prior to carrying out the
study. After receiving the signed parental consent, trained
research assistants assessed the cognitive abilities of the
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subjects using the LOTCA. The research assistants (re-
habilitation therapists) were trained by the principle investi-
gator on how to collect data, as well as how to administer
and score the LOTCA battery. In order to obtain reliability
between reviewers, both the principal investigator and the
research assistants assessed and scored the same group of
20 children (10 males and 10 females aged 6-12 years) until
98% compatibility of the results was achieved among them.
All subjects were assessed in a quiet environment in the
school and parents were not present during the testing
(which was administered between 8 am - 10 am or 11 am -
1 pm (i.e., before or after school recess). Average testing
time ranged between 45 and 90 min (M = 60, SD = 12.4).

Instrumentation
Overview of the LOTCA
The LOTCA is a cognitive battery that was developed and
designed for use by OTs working in neurological rehabilita-
tion settings. The LOTCA consists of 26 items in six sub-
scales and additional scores for test administration time,
attention and concentration. The subscale items ranged
from a four- or five- point scale. The individual items and
their composite scoring are as follows: 1) orientation, in-
cludes two items: orientation to place and to time (compos-
ite scores range from 2 to 16); 2) visual perception, includes
four items: object identification, shape identification, over-
lapping figures and object constancy (composite scores
range from 4 to 16); 3) spatial perception, includes three
items: directions on client’s body, spatial relations, and
spatial relations in pictures (composite scores range from 3
to 12); 4) motor praxis, includes three items: motor imita-
tion, utilization of objects, and symbolic actions (composite
scores range from 3 to 12); 5) visuo-motor organization,
which examines perceptual-motor integration with spatial
components, including seven items: copying geometric
forms, reproduction of two- and three-dimensional models,
pegboard construction, colored and plain block designs,
reproduction of a puzzle, and drawing a clock (composite
scores range from 7 to 28); 6) thinking operations, which
examines categorization and sequencing, including seven
items: pictorial classification, object classification (struc-
tured and unstructured), pictorial sequencing, and geomet-
rical sequencing (composite scores range from 7 to 35).
Results are presented as a profile along all subscales.
The test has an inter-rater reliability coefficient

ranging from .82 to .97 for its six subscales. Internal
consistency and construct validity were confirmed by
Katz, Itzkovich, Averbuch & Elazar (1989) and Najen-
son et al. (1984) for perception, visuomotor
organization and thinking operation [23, 24]. In their
study on people with stroke and brain injury, Katz et
al. (1989) found the LOTCA to have discriminant
validity for all subscales aside from the identification
of objects [23].

Although the LOTCA was standardized in Western
populations and has not yet been standardized for use in
other populations, it has the potential for evaluating in-
dividuals from non-Western populations [20]. As men-
tioned above, several studies have used the LOTCA to
study the cognitive abilities of Arab children [3, 4, 21].
The results of these studies suggest that culture may ex-
plain the differences in performance and scores between
cultural groups and the lack of cultural adaptation may
have affected the construct validity and internal
consistency reliability of the LOTCA. However, these
studies were performed without prior testing as to
whether the LOTCA’s normative data required
cross-cultural adaptations.
A composite score for each of the LOTCA’s six sub-

scales was calculated by totaling the scores of the rele-
vant items. The maximum score on the test is 123, and
the minimum score is 27. A higher score indicates better
cognitive performance. Raw scores were used in this
study, as the LOTCA battery has not yet been standard-
ized for Jordanian children.
The English version of LOTCA, including the instruc-

tion manual, was translated into Arabic using a
backward-forward translation process [21]. Discrepancies
in the translation of specific items were discussed until a
consensus was reached. A pilot study with 20 children
was carried out in order to examine the readability of the
initial versions of the translated scale; the items were re-
vised accordingly and then were piloted to 20 other chil-
dren. At that point, researchers unanimously agreed that
no more amendments were needed. This translated
Arabic version of the instrument was then retranslated
into English by a bilingual speaker who was unfamiliar
with the original versions of the instrument. This process
of backward translation was evaluated by ten bilingual
professors working at Arabic universities.
The scores of the instrument in evaluating the transla-

tion, ranged from 0 (not similar) to 1 (similar) and a cut
off score of at least 0.80 was identified in order to assess
the adequacy of the Arabic translated version, implying
that 80% or more of the evaluators agreed that the
backward-translated item had the same meaning as the
original item. A score below 0.80 suggested a possible
problem with the translation. After the translation stage
was completed and modifications were made, all trans-
lated items achieved the cutoff score of 0.80.

Data analysis and management
Descriptive statistics (M and SD) were computed to
describe the distributions of the test’s six subscales
and socio-demographic data. Exploratory factor ana-
lyses (EFA) using principal components extraction
model with Varimax rotation were performed on the
six subscales.
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The Kaiser’s criterion, used to determine the number
of factors to retain, suggests retaining all factors that are
above the eigenvalue of 1 [25, 26]. All 26 items were
found to have enough variance and were maintained in
the factor analysis and Cronbach’s alpha computations.
The minimum Eigenvalue for rotated factors was estab-
lished at one [27] and the criterion for determining
whether an item loaded substantially on a subscale was
established at .50 [27]. Cronbach’s alpha was computed
for the items within each of the six subscales. Cronbach’s
alpha [28] indicated 0.7 to be a satisfactory reliability co-
efficient; however, lower thresholds are occasionally used
in the literature. There are no widely accepted criteria
for defining a strong vs. moderate association. Portney
and Watkins (2015) suggest values of r ranging from .50
to .75 to represent moderate to good relationship and
those ranging from .75 and above to be good to excellent
relationship [29].
EFA generated an expected one-factor solution show-

ing the expected unidimensionality factor structure for
five of the six LOTCA subscales. The EFA yielded a
two-factor solution showing multidimensionality for the
subscale Thinking Operation. An EFA without Pictorial
B (the cross loading item) generated a one-factor solu-
tion with a slightly increased amount of explained vari-
ance and Cronbach’s α, confirming the expected
homogeneity (unidimensionality) structure of this
LOTCA subscale and was used in the analysis. Signifi-
cance was set at the 0.05 probability level. All operations
were carried out using SPSS Version 20 (SPSS, 2012).

Results
The 442 Typically Developing (TD) children who partic-
ipated in this study ranged in age from 6 to 12 years,
with a mean of 9.12 ± 1.9 years. The sample was almost
equally divided between males and females (51.4%
males), urban vs. rural areas (48.6% urban), and public
vs. private schools (49% in public schools). The majority

(96.2%) of the subjects lived with both parents and
46.4% of the parents had an average yearly family in-
come of JD 6000 ($ 8600).
Associations between cognitive functioning and in-

dependent demographic variables (i.e.; child’s age, area
of residence, hours of sleep, parent’s occupation etc.)
were analyzed using a multivariate linear regression
model. This description is provided in our previous
publication [21].
The total observed mean performance score of four of

the six domains is located toward the higher end of the
possible composite range score, indicating high observed
performance on these domains [orientation [M = 13.32 (SD
= 3.32)- composite scores ranging from 2 to 16; visual per-
ception, M = 14.53 (SD = 1.36)- composite scores ranging
from 4 to 16; spatial perception, M = 11.30 (SD = 1.33) -
composite scores ranging from 3 to 12; and motor praxis,
M = 11.42 (SD = .99), composite scores ranging from 3 to
12]. While the total mean score of the other two subscales
is slightly lower, performance on these subscales is still
quite high: [visuo-motor organization, M = 22.35 (SD =
4.23) - composite scores ranging from 7 to 28; thinking op-
erations, M = 24.71 (SD = 4.36- composite scores ranging
from 7 to 31] (see Table 1).
As shown in Table 2, the observed mean performances

on each of the six LOTCA subscales were significantly
correlated with one another. Of the 15 Pearson correlation
coefficients, there were 12 significant small correlations
(ranging from r = .22; p ≤ .001 to r = .44; p ≤ .001) and
three moderate to good coefficients ranging from (r = .53;
p ≤ .001 to r =. 69; p ≤ .001). These correlations suggest
that all subscales measure the same construct and provide
satisfactory levels and evidence of construct validity.
Results of the exploratory factor analysis (EFA) and

Cronbach’s α for the subscale orientation generated the
expected one-factor solution with an eigenvalue of 1.64,
confirming the LOTCA’s homogeneity (unidimensional-
ity) factor structure and thus providing construct validity

Table 1 Means and Standard Deviations of the LOTCA Six subscales for the Seven Age Groups (N = 442)

Age
groups
(Years)

Number Orientation Visual Perception Spatial Perception Motor Praxis Visuo-Motor organization Thinking operations

Possible Range
2-16
Mean SD

Possible Range
16-4
Mean SD

Possible Range
3-12
Mean SD

Possible Range
3-12
Mean SD

Possible Range
7–28
Mean SD

Possible Range
7–31
Mean SD

6 46 10.98 (3.42) 13.48 (1.64) 10.50 1.83) 11.11 (1.10) 17.63 (4.48) 20.04 (4.55)

7 61 11.80 (3.74) 13.79 (1.36) 10.74 (1.78) 11.23 (1.17) 20.34 (3.04) 21.74 (4.17)

8 65 13.46 (2.59) 14.58 (1.11) 11.48 (1.03) 11.32 (.970) 22.17 (4.25) 24.98 (3.92)

9 75 14.07 (3.08) 14.59 (1.28) 11.55 (.90) 11.48 (.89) 22.80 (3.88) 25.09 (3.79)

10 70 13.44 (3.62) 14.69 (1.19) 11.50 (.88) 11.63 (.74) 22.79 (3.89) 25.24 (3.60)

11 69 14.62 (2.66) 15.00 (1.26) 11.51 (1.34) 11.55 (.94) 24.20 3.27) 26.58 (3.29)

12. 56 14.71 (2.42) 15.27 (.92) 11.52 (1.16) 11.52 (.94) 25.18 (2.68) 27.98 (2.68)

Total 442 13.41 (3.32) 14.53 (1.36) 11.30 (1.33) 11.42 (.99) 22.35 (4.23) 24.71 (4.38)

Note. LOTCA (Loewenstein Occupational Therapy Cognitive Assessment (Itzkovich et al., 2000)
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evidence. Accounting for approximately 82% of the vari-
ance, with a Cronbach’s α of .76, results show a satisfac-
tory level of internal consistency reliability. Therefore,
this subscale may be used with Jordanian children ages 6
to 12 without cross-cultural adaptation (see Table 3). Re-
sults for the visomotor organization subscale yielded an
expected one-factor solution with an eigenvalue of 3.06,
confirming the LOTCA’s homogeneity (unidimensional-
ity) factor structure and providing adequate construct
validity evidence. Accounting for approximately 44% of
the variance with a Cronbach’s α .78 this subscale ex-
hibits a satisfactory level of internal consistency reliabil-
ity. Consequently, this subscale may be used with
Jordanian children ages 6 to 12, without cross-cultural
adaptation (see Table 3).
EFA for the subscale visual perception yielded an ex-

pected one-factor solution with an eigenvalue of 1.58,
confirming the LOTCA’s homogeneity (unidimensional-
ity) factor structure and providing an adequate level of
construct validity accounting for approximately 40% of

the variance. The Cronbach’s α of .47 does not provide a
satisfactory level of internal consistency reliability. This
subscale may not be used with Jordanian children ages 6
to 12 without adequate cross-cultural adaptation to in-
crease its internal consistency reliability (see Table 4).
EFA for the spatial perception subscale generated an

expected one-factor solution with an eigenvalue of 1.75,
confirming the LOTCA’s homogeneity (unidimensional-
ity) factor structure for this subscale, demonstrating a
satisfactory level of construct validity evidence. This so-
lution accounted for approximately 58% of the variance.
Cronbach’s α was .63, indicating a questionable level of
internal consistency reliability. Consequently, this sub-
scale may not be used with Jordanian children ages 6 to
12 without cross-cultural adaptation to increase its in-
ternal consistency reliability (see Table 4).
EFA for the motor praxis subscale generated an ex-

pected one-factor solution with an eigenvalue of 1.54,
confirming the LOTCA’s homogeneity (unidimensional-
ity) factor structure demonstrating a satisfactory level of
construct validity. This solution accounted for approxi-
mately 52% of the variance. Cronbach’s α was .47, exhi-
biting an unacceptable level of internal consistency
reliability evidence. Consequently, this subscale may be
not be used with Jordanian children ages 6 to 12 without
cross-cultural adaptation to increase its internal
consistency reliability evidence (see Table 4).
Factor analysis for the modified thinking organization

subscale generated a one-factor solution exhibiting the
expected unidimensionality with and eigenvalue of
2.645. The LOTCA’s homogeneity (unidimensionality)
factor structure of this modified subscale was confirmed,
demonstrating unacceptable level of construct validity.

Table 2 Pearson Zero Order Correlation Coefficients for
Correlations between the LOTCA Subscales (N = 442)

Domain 1. 2. 3. 4. 5. 6.

Orientation –

Visual Perception .33* –

Spatial Perception .40* .31* –

Motor Praxis .23* .31* .43* –

Visuo- Motor Organization .44* .53* .38* .35* –

Thinking Operations .42* .57* .43* .35* .69* –

Note. LOTCA (Loewenstein Occupational Therapy Cognitive Assessment
(Itzkovich et al., 2000)
*p ≤ .001

Table 3 LOTCA Subscales (Not Requiring Cultural Adaptation) Factor Loadings, Eigenvalues, Communalities, Percent of Explained
Variance and Cronbach’s Alpha (N = 442)

Domain/Measure Loading Initial Eigenvalue Communalities % of Variance explained Cronbach’s α

Orientation

1.Orientation to Place .910 1.64 .820 82.08 .76

2. Orientation to time .910 .820

Visuo-Motor Organization

13.Copying geometric forms .712 3.06 .507 43.81 .78

14. Two dimensional model .476 .226

15. Pegboard construction .696 .485

16. Colored block design .637 .405

17. Plain block design .712 .507

18. Reproduction of a puzzle .717 .514

19. Drawing a clock .649 .422

Note. LOTCA Loewenstein Occupational Therapy Cognitive Assessment (Itzkovich et al., 2000)
Boldface type indicates primary loading for each measure
Eigenvalue = pre-rotation column sums of squared loadings
aCommunalities = calculated per item, based on a one-factor solution
bCronbach’s α reported for primary loadings (boldface type)
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This solution accounted for approximately 44% of the
total variance. Cronbach’s α was .74 exhibiting a satisfac-
tory level of internal consistency reliability. Although
construct validity and internal consistency reliability evi-
dence were established, this modified subscale may not
be used with Jordanian children ages 6 to 12 without a
significant cross-cultural adaptation designed to further
study the possible consequences of eliminating the item
Pictorial B from the subscale (see Table 4).

Discussion
The purpose of the present study was to explore the
suitability of the LOTCA for use with Jordanian chil-
dren. The findings show that overall, the translation and
use of the LOTCA with Jordanian children ages 6 to 12
demonstrated sufficient additional cross-cultural adapta-
tion efforts, the LOTCA could be an effective “culture--
free” tool for assessing the cognitive abilities of Arabic
speaking Jordanian children ages 6 to 12.

Construct validity - LOTCA internal subscale structure
The computation of Pearson correlations provided add-
itional validation for estimating the construct evidence

of the LOTCA’s test structure. The six LOTCA subscales
are presumed to assess different aspects of cognitive
ability and as such, are expected to be positively related
to one another. Indeed, the observed correlations among
the six LOTCA subscales were all significant. While a
small-observed association was found between Motor
Praxis and Orientation, the rest of the correlations rep-
resented mostly moderate associations. Therefore, while
supporting the test structure proposed by the LOTCA
between the subscales, the mostly modest correlations
also suggest that each subscale item represents a distinct
construct of cognitive ability contained in the cognition
and visual perception functions inherent in the develop-
mental theory being tested in the LOTCA. Thus, in
order for the LOTCA to maintain its effectiveness in
assessing cognitive abilities in this population, all six
subscales should be retained, though additional cross–
cultural research is needed for four of the six subscales.

Construct validity – LOTCA within subscales
Unidimensionality structure
The EFA generated five one-factor solutions and one
two-factor solution, confirming the expected homogeneity

Table 4 LOTCA Subscales (Requiring Cultural Adaptation) Factor Loadings, Eigenvalues, Communalities, Percent of Explained
Variance and Cronbach’s Alpha (N = 442)

Domain/Measure Loading Initial Eigenvalue Communalities of Variance explained Cronbach’s α

Visual Perception

3.Object identification .478 1.58 .229 39.57 .47

4. Shape identification .617 .381

5.Overlaping figures .726 .526

6. Object constancy .669 .447

Spatial Perception

7. Directions on Ca Body .726 1.75 .527 58.34 .63

8. Spatial relations .820 .673

9. Spatial relations on pictures .742 .551

Motor Praxis

10.Motor imitation .640 1.54 .410 51.60 .47

11. Utilization of objects .767 .589

12. Symbolic actions .741 .550

Thinking Operation 2.645 44.09 .74

14.Categorization .693 .480

15. ROC unstructured .772 .598

14. ROC structured .736 .542

15. Pictorial sequence A .638 .400

16. Geometric sequence .600 .360

17. Logic questions .510 .260

Note. LOTCA Loewenstein Occupational Therapy Cognitive Assessment (Itzkovitch et al. 2000). Boldface type indicates primary loading for each measure
Eigenvalue = pre-rotation column sums of squared loadings
Communalities = calculated per item, based on a one-factor solution
Cronbach’s α reported for primary loadings (boldface type)
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(unidimensionality) factor structure of the items within
five of the six LOTCA subscales. All solutions had eigen-
values that satisfied the Kaiser’s criterion used to deter-
mine the number of retaining factors. The initial EFA for
the thinking operations subscale yielded a two-factor solu-
tion and the homogeneity (unidimensionality) factor
structure of the LOTCA subscales was not confirmed.
The thinking operations subscale involves higher men-

tal processes such as executive function, problem solv-
ing, abstraction, and logical operation [22] and
socio-cultural background is known to affect such think-
ing patterns [30]. Therefore, this subscale may be sensi-
tive in identifying differences between children from
different cultures. This claim is supported by Jang,
Chern & Lin (2009) who showed that the LOTCA is a
valid measure of cognitive abilities among people with
intellectual disabilities. In examining known group valid-
ity, thinking operations was the most sensitive subscale
for identifying differences between the ID and the
healthy groups [31].
The item Pictorial Sequence B was loaded above the

cutoff point on both factors, becoming a cross loading
item [26, 32]. A possible explanation is that each factor
defines a distinct cluster of interrelated items, and items
in cross-loading situations are usually eliminated from the
analysis [26, 32]. In the present study, Pictorial Sequencing
B can be eliminated, as the skills measured by this item
are measured by the other items in the subscale.
The pictorial sequence has various underlying compo-

nents, such as cognitive abilities of judgment, sequence,
organization, and comprehension, which may already be
measured by other items in the thinking operations sub-
scale. A cross-cultural adaptation process can help assess
whether the subscale contains enough information to
adequately cover what it is intended to measure without
this specific item.
In the present study, the criterion for determining

whether an item loaded substantially on a subscale was
established at .50 [27]. In twenty-four of the 26 items
contained in the LOTCA four of the six subscales,
namely, Orientation, Spatial Perception, Motor Praxis
and Thinking Operations subscales loaded above the
established cutoff point, ranging from .61 to .91. It is im-
portant to note that the loadings of these items demon-
strated a satisfactory construct validity evidence for
these subscales [26]. The relatively high loadings of these
items provide evidence of the strength of the correla-
tions between them and of the meaningful contribution
of each item within each of the four subscales [33].
The loadings of the item Object Identification (.47),

part of the Visual Perception subscale and Two Dimen-
sional Model (.48), part of the Visomotor Organization
subscale, were slightly below the cut-off point. These
relatively low loadings show that their contribution to

each subscale is less meaningful [33]. These findings also
indicate that the dimensions of the Visual Perception
and Visu-Motor Organization subscales are not suffi-
ciently accounted for by their items and thus do not
demonstrate satisfactory evidence for construct validity
for these subscales [26]. Object Identification and Two
Dimensional Model are simple items, originally prepared
for people with brain injuries. Thus, it is not surprising
that TD children completed these items easily and ob-
tained high scores on them, creating a ceiling effect.
These findings affect the ability of Arabic speaking Jor-

danian clinicians to interpret the composite score of
these subscales as a reflection of all the subscale items
[34]. Thus, for the LOTCA to be an effective tool for
assessing cognitive abilities with Jordanian children there
is a need for cultural adaptation in order to achieve sat-
isfactory levels of construct validity.

Internal consistency reliability – LOTCA subscales
In the present study, the estimates of internal
consistency reliability were obtained using Cronbach’s
alpha. As the coefficient alpha is affected by test length
and subject to inflation, it has been suggested that alpha
should be calculated for each of the subscales rather
than for the entire test [28, 35, 36]. Therefore, in this
study, estimates of internal consistency validation were
calculated for each of the six subscales individually. The
calculated coefficients generated demonstrated different
levels of internal reliability evidence among the six sub-
scales. Satisfactory levels of internal consistency reliabil-
ity evidence (α = .76) were found for Orientation,
Visomotor and Thinking operations subscales. For ex-
ample, Visomotor and Thinking operations were signifi-
cantly correlated at the .69 level. Hence, the skills
needed to perform the Visomotor subscale are also the
basis of the Thinking operation subscale and indicate a
satisfactory degree to which the items comprising each
subscale measure the same construct [34] in the present
study, regardless of culture. For example, although the
item ‘pegboard construction’ is under Visomotor
organization, its underlying components include a
categorization component, such as which color the sub-
ject should choose. Such item homogeneity directly af-
fects the ability of a Jordanian clinician to interpret the
LOTCA composite clinical score as a reflection of all the
measures comprising each of these subscales. The items
on these subscales are correlated with each other regard-
less of culture differences.
A questionable level of internal consistency reliability

evidence (α = .63) was found for the subscale Spatial Per-
ception, indicating an insufficient ability to measure the
same construct. In a previous study (Josman et al., 2010)
which compared the cognitive functioning of Israeli and
Palestinian children using the LOTCA, the spatial
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perception subscale was included in different factors in
each group. In the Israeli group, spatial perception was in-
cluded in a factor named Visuo-motor organization and
sequence abilities and loaded .62 while in the Palestinian
group it was included in a factor named temporal and
spatial perception and loaded .45. The study authors noted
that these findings were due to cultural differences such
as age of entry to the educational system and engagement
in different cognitive tasks.
Unacceptable levels of internal consistency reliability

evidence (α = .47) were found for the Visual Perception
and Motor Praxis subscales, clearly indicating that the
measures comprising these subscales do not jointly
measure the same construct and lack item homogeneity.
Since the subscale’s measures are linearly combined into
a composite score, the concern for item homogeneity
directly affects the ability of clinicians to interpret com-
posite scores on these subscales. Since the evidence of
measures of homogeneity was absent, these subscales re-
quire cultural adaptation before they can be of utility to
Arabic speaking Jordanian clinicians.
The value of Cronbach’s alpha for the Orientation,

Visu-Motor and Thinking subscales was within satisfactory
level of internal reliability (76), indicating a relatively low
level of error variance for the measures contained in each
of these subscales; thus they can be considered reliable as
a single construct even without cultural adaptation. The
Cronbach’s alpha for the other three subscales, Spatial
Perception,Visual Perception and Motor Praxis, was below
the accepted level of internal reliability, indicating a high
level of error variance for the measures contained in these
subscales to be considered as a single construct. This
might be due to the high dimensionality in the measures,
more often associated with low values for Cronbach’s
alpha while not necessarily indicating that the measures
are not adequate or reliable [37]. The extent to which the
measures in each subscale exhibit high dimensionality
should be further researched, and the high level of error
variance in the measures needs to be addressed. The high
fraction of error variance associated with the measures
contained in these three subscales limits their clinical util-
ity and thus the ability of a clinician to perform a reliable
assessment.

Limitations
Although there are several important implications for
the current study, some limitations should be addressed.
First, future psychometric research on the LOTCA
should include other aspects of validity and reliability
not undertaken in the present study. There is also a need
to assess the association between test performance and
academic achievement. Second, children with known
disabilities were excluded from the current study. While
including those children might have added to the

discriminating value of the LOTCA, it is recommended
to address this issue in future studies. Third, the admin-
istration and especially scoring of the LOTCA requires
some training of personnel, because not all items are
non-verbal. Therefore, some items are not suitable for
people with hearing/speech problems. In addition, the
test is time-consuming. Therefore, it might be that some
aspects of the results are attributable to instrument
administration.

Conclusions
The translation and use of the LOTCA demonstrated
satisfactory evidence of construct validity and internal
consistency reliability in two subscales, Orientation and
Visu-motor organization. The one-factor solutions ob-
tained for each subscale confirmed the LOTCA subscale
homogeneity (unidimensionality) structure and the
above-satisfactory levels of Cronbach’s alpha attested to
the consistency of the measures within these subscales
and hence, to satisfactory internal consistency reliability
evidence. These findings suggest that these two sub-
scales were found to be free of cultural bias and could
be used with Jordanian children without the need for
cultural adaptation. With adequate cross-cultural adap-
tation efforts to adapt the other four subscales, the
LOTCA may be used as an effective tool for assessing
cognitive abilities with Jordanian children ages 6 to 12.
Future research should include additional representative
samples. Future psychometric research on the LOTCA
to include other aspects of validity and reliability not
undertaken in the present study is also needed, as well
as assessing the association of test performance with
academic achievements.

Abbreviations
BRIEF: Behavior Rating Inventory of Executive Function; EFA: Exploratory
Factor Analyses; KAB: Kaufman Assessment Battery; LOTCA: The Loewenstein
Occupational Therapy Cognitive Assessment; TD: Typically developing

Acknowledgements
This study was approved and funded by Deanship of Research at Jordan
University of Science and Technology (Grant # 20120151) and Institutional
Review Board of King Abdullah University Hospital/Irbid/Jordan.

Funding
This study was funded by Deanship of Research at Jordan University of
Science and Technology (Grant # 20120151)/Irbid/Jordan. This institution
provided funding for the process of data collection, entry and analysis.

Availability of data and materials
Supporting data can be accessed by emailing the corresponding author at
falmomani@just.eu.jo.

Authors’ contributions
All authors including FA, TAI, ND, MA and NJ made substantial contributions
to conception and design, acquisition of data, analysis and interpretation of
data, were involved in drafting the manuscript and revising it critically for
important intellectual content, and have given final approval of this version
to be published.

Almomani et al. BMC Psychiatry  (2018) 18:184 Page 8 of 9



Ethics approval and consent to participate
Written parental consent form was obtained which needed to be signed if
the child was eligible and the parents voluntarily agreed that their child
would participate. This study was approved by the Institutional Review Board
(IRB) of King Abdullah University Hospital (Reference # 151) (i.e. ethics
committee) and Deanship of Research of Jordan University of Science and
Technology (Grant # 20120151).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Rehabilitation Sciences, Faculty of Applied Medical Sciences,
Jordan University of Science and Technology, Irbid 22110, Jordan.
2Department of Occupational Therapy, York College, The City University of
New York, 94-20 Guy R. Brewer BLVD, Jamaica, New York 11451, USA.
3Department of Occupational Therapy, Joint program, Faculty of Social
Welfare & Health Sciences, University of Haifa and Technion, Haifa, Israel.
4School of Medicine, King Saud University, Riyadh, Saudi Arabia.

Received: 6 January 2018 Accepted: 6 June 2018

References
1. Bjorklund DF. Children’s thinking: development function and individual

differences. 5th ed. Belmont, CA: Wadsworth; 2011.
2. Messerer J, Hunt E, Meyers G, Lerner I. Feuerstein’s instrumental enrichment:

a new approach for activating intellectual potential in learning disabled
youth. J Learn Disabil. 1984;17:322–5.

3. Josman N, Abdallah TM, Engel-Yeger B. Using the LOTCA to measure
cultural and sociodemographic effects on cognitive skills in two groups of
children. Am J Occup Ther. 2011;65:29–37.

4. Josman N, Abdallah TM, Engel-Yeger B. Cultural factors affecting the
differential performance of Israeli and Palestinian children on the
Loewenstein occupational therapy cognitive assessment. Res Dev Disabil.
2010;31(3):656–63.

5. Uynik M, Aki E, Ger T, Bum G, Kayiha H. Cognition in 4± 11 year old children
in Turkey. Pediatric Rehabilitation. 1999;3:119–24.

6. Al-Mekhlafi HM, Mahdy MA, Sallam AA, Ariffin WA, Al-Mekhlafi AM, Amran
AA, Surin J. Nutritional and socio-economic determinants of cognitive
function and educational achievement of aboriginal schoolchildren in rural
Malaysia. Br J Nutr. 2011;106(7):1100–6.

7. Brands, B., Egan, B., Györei, E., López-Robles, J.C., Gage, H., Campoy,
C.,. .. Raats, M.M. (2012). A qualitative interview study on effects of
diet on children's mental state and performance. Evaluation of
perceptions, attitudes and beliefs of parents in four European
countries. Appetite, 58(2), 739–746.

8. Kobrosly RW, Seplaki CL, Jones CM, Van Wijngaarden E. Physiologic
dysfunction scores and cognitive function test performance in U.S. adults.
Psychosom Med. 2012;74(1):81–8.

9. Byrne B, Watkins D. The issue of measurement invariance revisited. Journal
of Cross Cultural Psychology. 2003;34:155–75.

10. Diekmann A. Methodological Artefacts, data manipulation and fraud in
economics and social Sciences. In: Lucius & Lucius; 2011.

11. Shaikh W, Patel M, Singh S. Sleep deprivation predisposes adolescents to
obesity. Indian J Community Med. 2009;34(3):192–4.

12. Yu H, Kaufman D. Cognitive evaluation of four online search engines for
answering definitional questions posed by physicians. Pac Symp Biocomput.
2007;12:328–39.

13. Avi-Itzhak T, Obler DR, Abdallah TM, Engel-Yeger B, Josman N. Testing the
cross-cultural clinical utility of the VMI for Palestinian, Israeli and American
typically developing kindergarten children. Child Adolescent Behavior
Journal. 2014;2:136–43.

14. Engel-Yeger B. Validating the adolescent/adult sensory profile and
examining its ability to screen sensory processing difficulties among Israeli
people. British Journal of Occupational. Therapy. 2012;75(7):321–9.

15. Liao HF, Yao G, Wang TM. Concurrent validity in Taiwan of the
comprehensive developmental inventory for infants and toddlers who were
full term infants. Percept Mot Skills. 2008;107(1):29–44.

16. Tzuriel D, Kaufman R. Mediated learning and cognitive modifiability:
dynamic assessment of young Ethiopian immigrant children to Israel. J
Cross-Cult Psychol. 1999;30:359–80.

17. Kaufman AS, Kaufman NL. Kaufman assessment battery for children. 2nd ed.
Circle Pines, MN: American Guidance Service; 2004.

18. Gioia GA, Isquith PK, Guy SC, Kenworthy L. Behavior rating of executive
function. Lutz: FL: Psychological Assessment Resources; 2000.

19. Woodcock R, Mather N, McGrew K. Woodcock-Johnson III test of cognitive
abilities Examiner’s manual. Itasca: Riverside; 2001.

20. Katz N, Kizony R, Parush S. Visuo-motor organization and thinking operations
performance of school age Ethiopian, Bedouin and main stream Israeli
children. The Occupational Therapy Journal of Research. 2002;22:34–43.

21. Almomani F, Josman N, Almomani MO, Malkawi S, Almomani F, Mahdawi K,
Nazzal M. Factors related to cognitive function among elementary school
children. The Scandinavian Journal of Occupational Therapy. 2014;21:191–8.

22. Itzkovich M, Elazar B, Averbuch S, Katz N. Loewenstein occupational therapy
cognitive assessment (LOTCA) battery. Manual and test kit. 2nd ed.
Pequannock, NJ: Maddak; 2000.

23. Katz N, Itzkovich M, Averbuch S, Elazar B. Lowenstein occupational therapy
cognitive assessment (LOTCA) battery for brain-injured patients: reliability
and validity. The American Journal of Occupational Therapy. 1989;43:184–92.

24. Najenson T, Rahmani L, Elazar B, Averbuch S. An elementary cognitive
assessment and treatment of the craniocerebrally injured patient. In:
Edelstein BA, Couture ET, editors. Behavioral assessment and rehabilitation
of the traumatically brain damaged. New York: Plenum; 1984. p. 313–38.

25. Kaiser HF. The application of electronic computers to factor analysis. Educ
Psychol Meas. 1960;20:141–51. https://doi.org/10.1177/001316446002000116.

26. Yong AG, Pearce S. A beginner’s guide to factor analysis: focusing on
exploratory factor analysis. Tutorials in Quantitative Methods for Psychology.
2013;9(2):79–94.

27. Munro BH. Statistical methods for health care research. 5th ed. Philadelphia:
Lippincott; 2004.

28. Nunnally JC. Psychometric theory. 2nd ed. New York: McGraw-Hill; 1978.
29. Portney G, Watkins P. Foundations of Clin Res : Applications to.Practice.3rd

Edition. In: Davis Company; 2015.
30. Nisbett R, Peng K, Choi I, Norenzayan A. Culture and systems of thought:

holistic versus analytic cognition. Psychol Rev. 2001;108(2):291–310.
31. Jang Y, Chern JS, Lin KC. Validity of the Lowenstein occupational therapy

assessment in people with intellectual disabilities. Am J Occup Ther. 2009;
63:414–22.

32. Costello B, Osborne W. Best Practices in Exploratory Factor Analysis: Four.
Recommendations for Getting the Most FromYour Analysis. Practical
Assessment. Research & Evaluation. 2005;10(7):1–9.

33. Kline P. An easy guide to factor analysis. Abingdon-on-Thames:
Routledge; 1994.

34. Henson RK. Understanding internal consistency reliability estimates: a
conceptual primer on coefficient alpha. Meas Eval Couns Dev. 2001;34:177–89.

35. Tavakol M, Dennick R. Making sense of Cronbach’s alpha. International
Journal of Medical Education. 2011a;2:53–5.

36. Tavakol M, Dennick R. Post-examination analysis of objective tests. Medical
Teacher. 2011b;33:447–58.

37. Grau E. Using factor analysis and Cronbach’s alpha to ascertain relationships
between questions of a dietary behavior questionnaire. Proceedings of the
Survey Research Methods Section: American Statistical Association; 2007.
http://ww2.amstat.org/sections/srms/proceedings/y2007f.html.

Almomani et al. BMC Psychiatry  (2018) 18:184 Page 9 of 9

https://doi.org/10.1177/001316446002000116
http://ww2.amstat.org/sections/srms/proceedings/y2007f.html

	Abstract
	Background
	Aims
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Participants
	Instrumentation
	Overview of the LOTCA
	Data analysis and management


	Results
	Discussion
	Construct validity - LOTCA internal subscale structure
	Construct validity – LOTCA within subscales Unidimensionality structure
	Internal consistency reliability – LOTCA subscales
	Limitations

	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

