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The assessment of sensory perception, discrimination, integration, modulation, praxis,
and other motor skills, such as posture, balance, and bilateral motor coordination, is nec-
essary to identify the sensory and motor factors influencing the development of personal
autonomy. The aim of this work is to study the assessment tools currently available for
identifying different patterns of sensory processing. There are 15 tests available that have
psychometric properties, primarily for the US population. Nine of them apply to children
in preschool and up to grade 12. The assessment of sensory processing is a process
that includes the use of standardized tests, administration of caregiver questionnaires,
and clinical observations. The review of different studies using PRISMA criteria or Osteba
Critical Appraisal Cards reveals that the most commonly used tools are the Sensory
Integration and Praxis Test, the Sensory Processing Measure, and the Sensory Profile.

Keywords: assessment, children, sensory integration, sensorial modulation, sensory processing

Sensory processing is a broad term that generally refers to the handling of sensory information by
neural systems, including the functions of receptor organs and the peripheral and central nervous
systems. According to Dunn, sensory processing is a complex endeavor. Sensory input from the
environment and from the body itself provides information to the brain (1). The brain organizes,
integrates, synthesizes, and uses this information to understand experiences and organize appropri-
ate responses. The processing of information allows individuals to respond automatically, efficiently,
and comfortably to the specific sensory inputs received (2, 3). The neurobiological process comprises
a series of five stages, registration, modulation, discrimination, integration, and praxis (4), and is
central to cognitive processes such attention, visual perception, memory, and planned action (5).

Ayres paid special attention to the relationship between motor responses, sensory input, and
normal sensorimotor development. She defined sensory integration (SI) as the ability to organize
sensory information to make an adaptive response (6). Recently, some authors have suggested that SI
should be referred to as multisensory integration (7). Behaviors associated with sensory processing
are not necessarily symptoms or abnormalities; these are differences and often abilities, such as
enhanced perception (8). For this reason, some authors prefer to use sensory features (9).

Ayres focused particularly on the identification of different patterns of dysfunction in senso-
rimotor development and their impact on learning and on the description of adaptive behaviors
observed in children with motor clumsiness or learning disabilities of unknown origin (10-12).
Sensory processing disorder (SPD) “affects the way the brain interprets the information that comes
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in and the response that follows, causing emotional, motor, and
other reactions that are inappropriate and extreme” (13) (p. 331).
Parham and Mailloux (14) outlined five functional impairments
associated with SPD. These include decreased social participa-
tion and occupational engagement; decreased length, frequency,
or complexity of adaptive responses (successful response to an
environmental challenge); impaired self-confidence and/or
self-esteem; poor daily life skills and reduced family life; and
diminished fine-, gross-, and sensory-motor skill development.
SPD can negatively affect development and functional abilities
in behavior, emotional, motor, and cognitive domains (15).
Consequently, it is important to detect differences early with
appropriate sensory processing assessment tools.

Children diagnosed with various conditions, including
autism spectrum disorder, Asperger syndrome, attention-
deficit hyperactivity disorder, sensory-modulation disorder
(SMD), and developmental coordination disorder, are prone
to experience differences in their sensory processing patterns
when compared to expected patterns (15-20). The Diagnostic
Classification of Mental Health and Developmental Disorders
of Infancy and Early Childhood (Zero to Three, 2005), which is
the most commonly used diagnostic classification for early child-
hood includes a classification of “sensory processing regulation
difficulties” Furthermore, the classification proposed by The
Interdisciplinary Council on Development and Learning Disorders
Diagnostic Manual for Infants and young Children (ICDL-DMIC)
also recognizes Regulatory-Sensory Processing Disorders (21).
Moreover, the DSM-5 includes sensory perception disorders as a
new diagnostic criterion for autism spectrum disorder (22).

There are different taxonomies to characterize differences in
sensory processing. Recently, several authors have referred to
other terms of these processes, especially in relation to possible
modulation disorders such as hypo-reactivity, hypo-sensitivity to
certain clinical observations and the presence of tactile defensive-
ness, enhanced perception, etc (7). However, the most commonly
used and accepted taxonomy is that proposed by Miller et al. (23),
who suggest that there are three main patterns: SMD, sensory-
based motor disorder, and sensory discrimination disorder.

Sensory-modulation disorder refers to the difficulty in regulat-
ing and organizing the degree, intensity, and nature of a response
to sensory stimuli through graded and adaptive behavior. People
with SMD are able to sustain attention, filter sensations, and
remain at the appropriate level of alertness. Modulation disorder
presents three characteristic patterns: (1) “Sensory over-respon-
sivity,” also known as sensory sensitivity or sensory avoidance,
is characterized by intense, negative responses to typical daily
life experiences, affecting alertness, attention, social interaction
and the level of activity, and self-care. Symptoms include avoid-
ance, anxiety, and hypersensitivity, e.g., tactile defensiveness or
gravitational insecurity (24-26). (2) “Sensory under-responsivity”
also termed “low registration” is characterized by delayed or
reduced responses to daily sensory events, affecting the level of
alertness, attention, posture, and movement, motor coordina-
tion, and social interaction (27). Sensory under-responsivity
usually co-occurs with postural disorder. (3) “Sensory seeking/
craving” is characterized by an insatiable drive for enhanced
sensory experiences (28). Children with sensory seeking crave

intense sensory input in different settings, exhibit strong sensory
preferences, demonstrate socially inappropriate behaviors, and
have little awareness of danger as well as difficulty in completing
tasks. They also exhibit reduced inhibitory control and behavioral
disorganization (26).

Various studies have analyzed the etiology of SI disorders,
identifying a genetic factor in sensory over-responsivity (29).
Hypersensitive persons are considered to have a low neurologi-
cal threshold and easily notice sensory input, meaning they are
frequently distracted by movement, sounds, textures, or smells
not perceived by others (30). In contrast, hyposensitive persons
present low registration; they do not notice everyday sensory
events. For example, they may not notice when someone comes
into a room or when they have food or dirt on their face and
hands (31).

Sensory-based motor disorders occur when persons have
inappropriate body posture or voluntary movement and who
exhibit deficits in motor planning, praxis, sequencing, fluidity,
and control of movement as a result of sensory difficulties (32).
Two subtypes exist, both of which are influenced by impaired
discrimination and perception of sensations: (1) postural
dysfunction describes a difficulty in exerting postural control
during movement or resting in response to the demands of the
environment or a motor task. Postural control involves interac-
tions between the vestibular, proprioceptive, and visual system,
providing a stable basis for coordinating movements of the head,
eyes, trunk, and limbs, which are essential to dynamic and static
movement. Postural control difficulties appear when there is
dysfunction in the previously mentioned systems, exhibiting
deficits in movement control, reduced righting and balance
reactions, limited weight transfer and trunk rotation capacity,
poor balance between flexion and extension of body parts, and
bilateral motor coordination difficulties, leading to ineffective
performance of motor tasks. (2) Dyspraxia is the impaired
ability to conceive of plan, sequence, and execute novel actions.
Praxis refers to a capacity involving three processes: ideation,
motor planning, and execution (33). Children with dyspraxia
show difficulty moving their bodies in space and are more likely
to have accidents. They experiences challenges related to idea-
tion of movement, need more time, and practice to learn a new
skill and demonstrate decreased ability to generalize skills to
other motor tasks, such as in the execution of complex motor
activities (34).

Sensory discrimination disorder refers to sensory processing
patterns affecting interpretation of the quality of sensory input,
especially temporal and spatial characteristics. Discrimination
disorders can occur in one or more systems (i.e., vestibular,
proprioceptive, and the five basic senses) (23). Discrimination
difficulties affect the ability to identify similarities and differences
between inputs. Children with this disorder may exhibit impaired
motor planning and difficulties in praxis, as well as learning dif-
ficulties, low self-confidence, and poor body schema.

In recent years, a number of studies have implemented differ-
ent assessment tools to examine SPDs (32, 35-38). These studies
can be classified according to whether they use standardized tests,
structured observations, or interviews with parents and teachers
(39, 40). The aim of the assessment process is to determine the
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impact of sensory processing problems on children’s functionality
and participation in daily life.

In their review of the literature, Koenig and Rudney con-
clude that difficulties in sensory processing affect elements of
occupational performance: play and leisure, social participation,
development of autonomy, basic and instrumental activities of
daily living, and education (41). Eeles et al. report that SPDs may
be the cause of learning and development difficulties found in
some children (4).

Between 40 and 80% of children and 3 and 11% of adults with
neurodevelopmental disabilities are estimated to have difficulties
in sensory processing (42, 43). Between 60 and 95% of children
with autism spectrum disorders have differences in sensory
processing (31, 43-46). Between 2.8 and 6.5% of the typically
developing population is also reported to have difficulties in
sensory processing (29, 47). More specifically, 5% of children
between 0 and 3 years of age exhibit sensory processing differ-
ences (15). Consequently, for early detection of these differences,
it is essential to identify the most appropriate and precise tool for
assessing sensory processing, to determine whether SI difficul-
ties are a significant factor in a child’s behavior and to provide
appropriate intervention (4).

There currently exists only one systematic review of diagnostic
tests for SPDs in children between 0 and 3 years of age (4). Thus,
it is especially interesting to conduct a systematic review of the
assessment of SPDs in older children between 3 and 11 years
of age. To the best of our knowledge, this is the first systematic
review of sensory processing for this age group.

AIM

The aim of this work is to conduct a review of the assessment tools
currently available for determining different patterns of SPDs in
children between 3 and 11 years of age.

METHODOLOGY

Search Strategy

Between October, 20, 2014, and January, 3, 2016, we conducted
an exhaustive search of the literature to identify the instruments
available for assessing sensory processing in children aged
between 3 and 11. This search was conducted in the following
databases: Web of Science, MEDLINE, SCOPUS, Trip database,
OTSeeker, and Plinio. The search strategy included the terms
MeSH (“Child” OR “children”) AND (“assessment” OR “evalua-
tion”) AND (“sensory integration” OR “sensory processing” OR
“occupational therapy”) and included articles published between
2004 and 2015 in both Spanish and English.

Two authors (Gemma Rodriguez-Gil and José-Matias
Trivifio-Judrez) reviewed the article titles and abstracts of the
articles to determine whether they met the inclusion criteria.
Two independent reviewers (Sara Jorquera-Cabrera and Dulce
Romero-Ayuso) then reviewed the articles that were not selected
to ensure they should be excluded. Any articles presenting
doubts or inconsistencies were fully reviewed by the independent
reviewers until a decision was finally reached on their inclusion

or exclusion (see Figure 1 for a flow diagram adapted from the
PRISMA methodology, see Table 1).

Inclusion Criteria

Inclusion of articles comprised two stages. In the first stage, we
selected systematic reviews of sensory processing assessment, and
in their absence, we included other articles on sensory processing
tests and assessment tools. In the second stage, we selected the
scales and tools presented in the studies. Tools meeting the fol-
lowing criteria were included: (1) usefulness in assessing sensory
processing in children aged between 3 and 11 years; (2) accord-
ance with the assumptions of, or be compatible with, SI theory
(6, 12, 48); (3) demonstration of predictive, discriminatory,
and/or evaluative value of sensory processing in children aged
between 3 and 11 years; (4) published in English and/or Spanish;
and (5) inclusion of items (more than 50%) that contain sensory
processing results (visual, auditory, vestibular, proprioceptive and
kinesthetic processing, tactile, olfactory, and taste processing)
(see Table 2).

Exclusion Criteria

Tools meeting any of the following criteria were excluded: (1)
fundamentally aimed at measuring mental or motor develop-
ment; (2) aimed mainly at measuring a child’s motor ability
(that is, if more than 70% of items referred to motor results);
(3) principally focused on measuring behavior, cognition, or
a child’s relationship with family members, peers, etc.; and (4)
high-technology tools or devices or tools in the research stage or
still under development without the support of scientific studies
on the psychometric properties of the tests (see Tables 2 and 3).

Data Collection

Once the assessment tools were identified, we administered the
PRISMA checKklist for systematic review (4) (see Table 1) and the
Osteba Critical Appraisal Cards (FLC; http://www.lecturacritica.
com/es/) (76). We also evaluated the clinical use, reliability, valid-
ity, assessment type (referring to a criterion or not referring to
standards), target age, and study sample characteristics.

RESULTS

Assessment Tools

Among the articles reviewed, 24 available tools for evaluating
sensory processing in children between 3 and 11 years, independ-
ent of each clinical condition, were identified. Specifically, among
these tools, 11 were experimental or were supported by few
published studies on psychometric characteristics (see Table 2).
The instruments that evaluate modulation do so mainly through
proxy methodology, that is, through questionnaires provided to
caregivers, parents, or teachers. Most of the instruments avail-
able to assess discrimination, SI, and praxis are tests instead of
questionnaires.

According to our review, the tools most commonly used
to determine sensory processing include the Sensory and
Integration Praxis Tests (SIPT); the Sensory Profile (SP, or the
more recent SP? version) (44, 45), which features different formats
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FIGURE 1 | PRISMA flow diagram.

for different age groups [short sensory profile, sensory profile for
children, teacher sensory profile questionnaires (6, 54), and the
Sensory Processing Measure (SPM) (52)] in combination with
sensorimotor observation (67).

Description of Included Tools

The SIPT is the “gold standard” measure for assessing sensory dis-
crimination and sensorimotor disorders (6, 7, 35, 81-84). The test
is a battery of 17 subtests designed to assess four factors: (1) tactile
processing and discrimination; (2) vestibular and proprioceptive
processing; (3) praxis and bilateral integration and sequencing;
and (4) perception of shape and space and visuomotor coordina-
tion. The SIPT has been criticized for not providing information
on the existence of SMD (28). It is also worth noting that this test
is confined to use with children aged between 4 years and 8 years
11 months.

The Miller Assessment for Preschoolers (MAP) (68) was
designed to provide a profile of sensory discrimination abilities,
postural foundations, and praxis. In addition, it screens for
visual, perceptual, and language delays that could be affecting

participation in the classroom. The MAP offers an alternative
to the SIPT as it involves less complex instructions and shorter
subtest tasks and does not require certification to be adminis-
tered (85).

Two tools were found for the assessment of sensory modula-
tion in different populations: the Sensory Profile and the Sensory
Processing Measure. The Sensory Profile (SP and SP?) is based
on Dunn’s sensory processing model (54). There are two key
factors in this model: the neurological threshold, which refers to
the amount of stimuli required for a neuron or neuron system to
respond, and the type of self-regulatory response exhibited by the
child (45, 54). At the extreme ends of the neurological threshold
are habituation (related to high thresholds) and sensitization
(related to low thresholds). Kandel (86) identified several cellular
mechanisms of learning that have been applied in the study of
sensory processing: habituation, sensitization. Habituation is the
simplest form of implicit learning, through which the properties
of a new stimulus become familiar. Attention occurs when a new
stimulus occurs for the first time. When the stimulus becomes
familiar, or is neither beneficial nor harmful, there is no need to
attend to the stimulus and so habituation occurs. Sensitization
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TABLE 1 | PRISMA checklist.

TABLE 1 | Continued

Section/topic Number Item Section/topic Number Item
Title 1 Assessments of sensory processing in infants: Eligibility criteria 6 We conducted an exhaustive search of the
a systematic review assessments used to measure sensory
Summary ) . . processing in a large number of computerized
Structured summary Am: TO levaluate the psychometric properties databases, including Medline (1950 to April
and cIlnllcaI use Qf asseslsments.of sensory 2011), GINHL (1981 to April 2011), PsycINFO
ﬁrocessmg fungnorr]]dunng the first 2 years of (1872 to April 2011), Embase (1980 to April
ife and to identify the most appropriate and 2011), and Web of Science (1900 to 2011)
precise assessment for measuring sensory i :
processing Information sources 7 Medline, C.INAHL, PsycINFO, Embase, and
Method: The literature was analyzed Web of Science
and the assessments used to measure Search 8 The search strategy included MeSH terms
sensory processing in early childhood were (“Child behavior” OR “Sensation” OR
systematically selected and reviewed for “perception” OR “sensory processing”
clinical use, reliability, validity, and response OR “psychomotor performance”) AND
capacity (“psychometrics” OR “outcome assessment”
2 Results: 34 assessments were identified; OR queshoyr’wr(])a';r? OR outc;)rrlwe @dl pro?ess
three met the predefined inclusion criteria. gs;tissmegt it neuropslic” g;g!zatteﬁ
All discriminatory assessments, the Sensory it reptr(i[l uel llty'?'r rTSLéRS wob ata
Assessment Scale and the Child Sensory nerpre ? '}Z&DS a '? 'Cal OR * observer fant”
Profile, are parent-reported questionnaires \(/)ai:r;;ﬁlon Z) h (,'nha?t premature infant
and can be administered up to the age of ow birth weight”)
3. The Test of Sensory Function in Infants is Study selection 9 Inclusion criteria:
f pler]for:ﬂanceébjfei gssesihmergtszlltable e Those used to assess sensory processing
orin ar] S age 0 mgn S: u 1es in babies, regardless of the gestational age
evaluating the psychometric properties .
o at birth.
of these three assessments differ in the . .
; | o and in reliabil * Assessment of sensory processing with
propgr‘[fs ev? uatte Zn n tre iability scores results at the age of 24 months or less,
Irangmg rgm -OSWI 0 ? eq:(Jahe corrected for gestation.
nterpre‘Fanon. de ectpn of the most ; e |t was a criterion referring to child
approprlate and precise ass.essfmentl or. standards.
mfeasurgg sendsory pLocessm$ unction in « Published in English.
iniancy depends O'? the specific components e Most of the elements of assessment refer to
of sensory processing to be assessed, the . It
hild’s age and other sources of information SCSOTY Processing results.
c i 9 the child’s devel ¢ e Considered multisensory modalities.
regarding the chiid's developmen e Commercially available (test and manual).
/ f The i f earl i
ntrgduct/on 3 e |mpact o ear){ sensory pro;essmg Exclusion criteria:
Rationale capacities on learning and emotional
development is unclear because of the e Those used as detection tools (diagnostic
difficulty of consistently defining concepts tests, high sensitivity tests).
in the field and the lack of reliable and e Those focusing on infant behavior.
adequate assessments for detecting sensory e Those measuring child—parent-therapist
dysfunctions in very young infants; this interaction.
ambiguity arises because sensory integration ® | anguage and communication tests.
(SI) theory is relatively new and is still being e Social interaction tools.
developed ¢ Cognitive and motor and mental
There is no consensus on a suitable tool for development tests.
measuring sensory processing in early infancy. e Those mainly assessing motor capacity.
Despite the large number of appropriate motor Data collection 10 We evaluated the clinical use, reliability, validity,
assessments, most of these do not take process and response capacity of CanChild Critical
sensory function into account. To advance Review Forms
scientific research and clinical practice in -
) . The characteristics of the tools were
the field of sensory processing, the most ; )
) ) collected and documented, including the
appropriate and precise assessment tools ) S
. i main objective of the assessment,
need to be identified
assessment type, age range, and
Objectives 4 To evaluate the psychometric properties characteristics of the study sample
and clinical use of sensory processin
. ) v P . 9 Data items 11 Infant behavior, sensation, perception,
assessments in the first 2 years of life and )
. . ) ) sensory processing, psychomotor
identify the most appropriate and precise .
. development, psychometric, assessment
assessment for measuring sensory , .
) results, questionnaire, assessment results
processing )
and processes, neuropsychological test,
Methods 5 There is no review protocol reproduction results, interpretation of
Protocol and statistical data, observational variation,
registration infancy, preterm baby, and low weight at birth

(Continued)

(Continued)
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TABLE 1 | Continued

TABLE 1 | Continued

Section/topic Number Item

Section/topic

Number Item

Risk of bias in 12
individual studies

A verification list of the tools analyzed in the
excluded articles was elaborated

Summary measures 13 No summary measures are specified

Synthesis of results 14 Data handling was subjective, in accordance
with the established criteria

Risk of bias across 15 Risk of bias across studies was not evaluated

studies

Additional analyses 16 The characteristics of the tools were collected
and documented, including the main objective
of the assessment, assessment type, age
range, and characteristics of the study sample

Results 17 Only three assessment tools were selected

from among the studies, which all used
samples of children in the USA. Both the Child
Sensory Profile and the Sensory Rating Scale
are suitable for use with children from birth to
3 years, and the Test of Sensory Function in
Infants is suitable for use with infants aged 4
to 18 months

Study selection

Study characteristics 18 Data were collected on assessments meeting
the predefined criteria. Accordingly, the
following were found to be useful tools: the
Sensory Rating Scale for Infants and Young
Children: Development and reliability (49),

the Child Sensory Profile (50), and the Test of

Sensory Functions in Ref (51).

Risk of bias within 19 Risk of bias within studies was not measured
studies

Results of individual 20 All the discriminatory assessments, the
studies Sensory Assessment Scale, and the

Child Sensory Profile are parent-reported
questionnaires and can be administered up to
the age of 3. The Test of Sensory Function in
Infants is a performance-based assessment
suitable for infants aged 4 to 18 months

(Continued)

is the process that enhances the awareness of important stimuli.
The central nervous system recognizes the stimuli as important
or potentially harmful and generates a heightened response.
Sensitization can sometimes be associated with anatomical
changes, such as an increase in the number of neuron connections
available for a task. Sensitization is a more complex mechanism
than habituation (86).

The ability to modulate responses of the nervous system or
maintain the balance between high and low thresholds allows
a child to notice enough stimuli to be aware and attentive, thus
avoiding an excess of information that could overload or distract.
On the other hand, self-regulation is the ability of individuals to
change their behavior under the demands of specific situations.
Both actions are considered to be part of the learning process of
the central nervous system.

The neurological threshold and self-regulation continua
can help explain children’s performance based on four sensory
processing patterns: (1) registration/bystander; (2) sensitivity/
sensor; (3) avoiding/avoider; and (4) seeking/seeker. Registration
represents high neurological threshold with passive self-
regulation. Seeking represents high neurological thresholds but

Additional analyses 23

We identified 34 assessments; three met the
predefined inclusion criteria. The Sensory
Rating Scale had a confidence interval of
61.1-75.8% and an internal consistency of
0.83; the Test of Sensory Function in Infants
had a reliability interval of 56-68%. The
Sensory Profile had an internal consistency
of 0.83

Synthesis of results 21

Risk of bias across 22 Risk of bias within studies was not measured

studies
No additional analyses were conducted

Discussion 24
Summary of
evidence

Studies evaluating the psychometric properties
of these three assessments differ in the
properties evaluated and in reliability scores
ranging from low to adequate

Limitations 25 One limitation is the difficulty of defining
the constructs of sensory processing.

Furthermore, the assessments measure
slightly different components than those

specified in the hypothesis

Conclusion 26 The selection of the most appropriate and
precise assessment for measuring sensory
processing in infants depends on the
specific components of sensory processing
that need to be assessed, the child’s age,
and the information available on the child’s
development from other sources (family,
teachers)

Funding 27
Funding

This study received funding from the Spanish
National Health System and Council of Medical
Research, the Cerebral Palsy Alliance, Daniel
Family Grant, the Thyne Reid Foundation,

the Myer Foundation and the Infrastructure
Support Program of the Government of
Victoria

involves an active self-regulation strategy and the generation of
new ideas. Sensitivity represents low neurological thresholds and
a passive self-regulation strategy. Finally, avoiding represents low
neurological thresholds with an active self-regulation strategy (1)
(p-12).

The Sensory Profile (SP and SP?) comprises questionnaires
for parents and teachers of children aged between birth and
14 years, although the authors later developed measures for
adolescents and adults. There is also a teacher version (School
Companion) that assesses four school factors: (1) the student’s
need for external support to participate in learning activities,
assessed through seeking and registration items; (2) awareness
and attention within the learning environment, assessed through
seeking and sensitivity items; (3) the student’s range of tolerance
within the learning environment, assessed through avoiding and
sensitivity items; and (4) the student’s availability for learning in
the classroom, assessed through avoiding and registration items
(54). Furthermore, the SP? provides guidelines for intervention
that focus on environmental strategies.

The Sensory Processing Measure (SPM home form; and SPM
school environments form) (52, 87) is a questionnaire evolving
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TABLE 2 | Tools selected for the assessment of sensory processing in children aged 3-11 years.

Tool Objective Population Applicability Psychometric properties Language in which the
tests are available and the
psychometric scores
Sensory To assess sensory SPM (5-12 years): The scale is completed by teachers and SPM was standardized with a sample of 1,051 typically Sensory Processing Measure-
processing processing, praxis and home form, main caregivers who have known the child for developing children from the USA and Canada, aged Hong Kong Chinese version (SPM-

measure (SPM)
52)

social participation
in different school
environments and at
home

classroom form, and more than a month
school environments

form. SPM-P

(2-5 years) home

and school forms

5-13 years. Also, 345 children receiving occupational
therapy treatment was used to verify that SPM could help us
differentiate typical children from those with clinical disorders.
SPM-P was standardized with 651 typically developing
children from the USA aged 2-5 years. Also, a sample of 242
children with occupational therapy treatment was used to
verify that SPM-P let us differentiate typical children from those
with clinical disorders. Good reliability and validity. Internal
consistency (alpha coefficient) >0.75 for all scales and forms.
SPM scales appropriately distinguished between a normative
sample and a sample of clinic-referred children with sensory
processing difficulties

HKC). Cronbach’s alpha 0.80. ICC
of the Main classroom form ranged
from 0.82 to 0.98 and the ICC of
the home form ranged from 0.70
to 0.95. Good discriminant validity.
Moderate correlation between
Sensory profile Chinese and
SPM-HKC. It is available in Danish,
Finnish, Norwegian, Swedish, and
Arabic

Sensory profile
(1,45,54)

Evaluates the type of
responses and self-
regulation strategies used
by the child and the type
of neurological threshold
for different sensory
stimuli

Different versions. It
can be administered
from O to 14 years.
There is a second
version (SP?) toddler,
infant, child, short
form (SSP) and
school companion
published in 2014

Scale is completed by teachers and parents

Sensory Profile was standardized with a sample of 1,037
children without disabilities, 32 children with autism and 61
with ADHD diagnosis. New version of Sensory profile, Sensory
Profile 2 was standardized with a sample of 1,376 school-age
children in the USA

Infant/toddler sensory profile.

ICC > 0.90. Alpha coefficients
varied from 0.40 to 0.74. Test—
retest reliability = 0.81-0.90.

India Sensory Profile Caregivers
Questionnaire The interrater
reliability (ICC = 0.87), test-retest
reliability (ICC = 0.90), internal
consistency (Cronbach’s a = 0.86),
section total correlation, face, and
content validity for the SPCQ were
good. A threshold score of <481
in SPCQ was considered ideal as
a cutoff score to identify cases of
sensory processing dysfunction
among Indian children. Sensory
Profile for Chinese children with

a good internal consistency
(Cronbach’s o = 0.82). Test-retest
reliability over a 2-week period
(r=0.93)

ICC = 0.80-0.90 good test-retest reliability across quadrants,
for factors ICC = 0.69-0.88 years ICC = 0.50-0.87 for scores
in the composites of sensory processing, modulation, and
behavioral and emotional responses. Internal consistency of
the sections ranges from 0.70 to 0.90

SSP has a discriminant validity of >95% in identifying children
with and without sensory processing differences

(Continued)
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TABLE 2 | Continued

Tool Objective Population Applicability Psychometric properties Language in which the
tests are available and the
psychometric scores
Sensory To assess children’s Children aged Comprises 17 tests. Administered Standardized with a sample of 1997 children in the USA. High  Available only in English, for USA
Integration and  sensory integration and from 4 to 8 years using visual demonstration and spoken psychometric properties population
Praxis Test praxis problems 11 months instructions, except when assessing praxis.
(SIPT) (6) The lower the score, the greater the difficulty

DeGangi-Berk  Conducts a screening
Test of Sensory  of Sl dysfunction,
Integration (TSI)  with emphasis on the
(58) vestibular system.
Assessment of postural
and components and
praxis. It is based
on Assessment of
Sensorimotor Integration
in Preschool Children
(DeGangi, 1979) (66)

Infant population
aged 3-5 years

Comprises 36 items and assesses posture
control, bilateral motor integration and reflex
integration. The child completes various
tests. Administration time is 30 min

Validity of domain and construct, stable inter-observer 0.84
and test-retest reliability. Standardized with a sample of 101
typical children and 38 developmental delayed children from
US population

Available only in English

Touch Inventory  Measures tactile Population The 26-item Questionnaire. The response Standarized with a sample of 415 children from USA. Test — Available only in English
for elementary defensiveness 6-12 years. format for the TIE is 1 = no, 2 = a little, retest reliability (= 0.91) with 1-week testing interval
school-aged The criteria for and 3 = a lot. Administered in 15 min,
children (TIE) administration are self-reported by child. The higher the score,
61) that the child needs  the more the self-reported behaviors are
to have the language indicative of tactile defensiveness
competence of at
least a 6-year-old,
an 1Q of at least 80
and no presence of
physical disabilities
(Royeen and Fortune
1990)
Sensorimotor Provides information From age 5 A tool that requires training and practice to High interrater reliability. Discriminative validity measured with a  Available in English and Spanish
clinical on vestibular and be correctly administered and interpreted. sample of children in Chile and the USA p < 0.01. Portuguese
observations proprioceptive functions. Comprises 15 tests. Administration time transcultural adaptation study (N = 201)
(63-66) Mainly used to diagnose between 30 and 40 min
motor planning problems,
vestibular, proprioceptive,
proprioceptive-vestibular
and motor deficits
Comprehensive  The COP provides a Infant population Takes 15 min to administer and is designed ~ Sample size was 130 children. Intraclass correlation coefficient  Available in English and Spanish
Observations of  reliable measure for from 2 years of age ~ for use in conjunction with sensorimotor was 0.91. Validity found between results of COP and items
Proprioception detecting the origin of observations or while observing a child’s from the SPM (body awareness) and the KIN (kinesthesia) and
(COP) (67) proprioceptive problems free play SWB (Standing and Walking Balance) tests from the SIPT

affecting children’s
functional performance

(Continued)
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TABLE 2 | Continued

Tool Objective Population Applicability Psychometric properties Language in which the
tests are available and the
psychometric scores

The Miller Assesses a child’s Test for children Administration time 30 min. There are two The MAP was standardized with a sample of 1,014 children. Available in English, Japanese and

Assessment for  attention, social from 2 years, forms: MAP Screening 27 Core test items The MAP has excellent internal reliability (r = 0.79-0.82) and Hebrew

Preschoolers interaction, and sensory 9 months to 5 years, (evaluation of attention, social interaction interrater reliability (r = 0.98). Test-retest reliability for total

(MAP) (68) reactivity during the 8 months of age and sensory reactivity) and MAP Extended score is r = 0.81 Content validity for the MAP is supported

testing procedure (behavior during testing, supplemental in the literature as MAP total score correlates significantly
provides a profile of observations, developmental history: with the WISC-R 1Q scale (r = 0.50-0.45) and with the
sensory discrimination speech language, movement, draw a Woodcock-Johnson Math, Reading and Language subtests
abilities, postural person), development history. 27 subtests (r=0.38-0.35)
foundations, and praxis in 5 domains: neurological foundations,
and screens for visual, motorcoordination, language, nonverbal
perceptual, and language cognition, and complex tasks (combined
delays that could be domains). The total MAP score is expressed
affecting participation in in percentiles, and the cut-points are 0% to
the classroom 5% (Red; likely problem, refer for evaluation),
6% to 25% (Yellow; possible problem, watch
carefully and use clinical judgment about
the need to refer for evaluation), and 26% to
99% (Green; unlikely to have problems, do
not refer for assessment)

Sensory To obtain sensory For 2-12 years It is @ 105-item parent report tool designed  Has good internal consistency and test-retest reliability. Useful  Available only in English

Experiences characteristics and specifically to measure behavioral responses  for assessing children with ASD. Psychometric study was

Questionnaire discriminate sensory to naturally occurring sensory stimuli conducted with 358 caregivers

Version 3.0 patterns of hypo- and in the context of everyday situations in

(SEQ-3.0) hyper-responsiveness children with ASD. SEQ measures the

(7,69-72) among persons with frequency of sensory behaviors across

autism, mental or
developmental retardation

four sensory response patterns (hypo-
responsiveness, hyper-responsiveness,
sensory interests, repetitions and seeking
behaviors and enhanced perception), five
modality categories (i.e., auditory, visual,
tactile, gustatory/olfactory, vestibular/
proprioceptive), and two contexts (i.e., social
and non-social). The first 97 items measure
the frequency using a 5-point Likert scale
ranging from 1 (never/almost never) to

5 (always/almost always) with a higher
score indicating more sensory symptoms.
Caregiver takes approximately 15-20 min to
complete the questionnaire

(Continued)
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TABLE 2 | Continued

Tool Objective Population Applicability Psychometric properties Language in which the
tests are available and the
psychometric scores

The Sensory Evaluates sensory 4-19 Consists of a performance assessment Standarized sample of 128 participants. Internal consistency is  English

Processing reactivity in seven of different activities and a caregiver- moderate to high, interrater reliability is moderate, and internal

Scales (SPS) domains: tactile (self- report inventory and a self-report form for validity is statistically significant. Overall internal consistency

Version 2.0 (28)  care and materials), adults. The results propose classifications yielded a 0.94, and domain reliabilities ranged from 0.79

auditory (sounds of sensory over responsivity, sensory to 0.93 (internal reliability >0.4) and discriminant validity
and places), visual, under responsivity, and sensory seeking. (o < 0.01). The SPS Assessment appears to be a reliable and
olfactory, gustatory, and Administered in approximately 1 h. Consists  valid measure of sensory modulation (scale reliability >0.90;
vestibular-proprioception of 27 subtests and 72 items across seven discrimination between group effect sizes >1.00). This scale

sensory domains (visual, auditory, tactile, has the potential to aid in differential diagnosis of sensory

vestibular, proprioceptive, gustatory, and modulation issues

olfactory). The activities are designed to

resemble sensory experiences in daily life

that generate atypical behavioral responses

in children with sensory problems. ltems

within each subtest are scored to reflect the

person’s responses at three time periods:

(1) during the activity, (2) after the activity

(<15 s), and () during the transition to the

next activity

Test of To examine a child’s From 5 to 8 years. A child is given a 24-inch long shoelace Studies conducted in 2014 with 78 children aged 3, 4, and English

Ideational Praxis  ability to recognize and There is also and is given the instruction, “Show me 5 years found, after 2 weeks, that the TIP had a high interrater

(TIP) (73) to interact with an and a version for everything you can do with this string” and reliability of 0.94 and a good test-retest reliability of 0.80

to evaluate ideationasa  preschoolers, is then given 5 min to demonstrate the

component of praxis elaborated in 2014 actions. A point is given for each action
but the action must be demonstrated;
description alone is not enough

Motor To be used as a screening Preschoolers from 3 Individually administered test consisting of Has only been administered to 80 children in the USA. English

Planning Maze  tool to identify deficits to 5 years three mazes. Application and correction Interrater reliability was excellent on the total MPMA score

Assessment in motor performance takes 5 min [interclass correlation coefficient (0.96) and individual maze

(MPMA) (73) and planning aspect of scores (0.90-0.98)]. The total MPMA score can distinguish

dyspraxia developmental differences among preschoolers ages 3, 4, and
5 years. No differences were observed according to gender,
race, or educational approach
Pediatric Clinical To evaluate a child’s Over 6 years of age  The child must complete six tests, three on A tool with excellent interrater reliability (- = 0.88, range 0.60—-  English

Test of Sensory  ability to use visual,

Interaction for somatosensory, and

Balance (CTSIB) vestibular input to

(74) maintain balance while
standing

a stable surface and three on an unstable
one. Some of the tests are performed with
eyes closed and others with eyes open. In
all conditions, the objective is to maintain
balance for at least 30 s. Administration time
is approximately 20 min

1.00) for children between 4 and 9 years old. The sample data
was 24 typical children. Validity of criteria: with proprioceptive
disorders and the SOT. CTSIB shows which children have
more modulation disorders and more reduced postural control
than typically developing children for all visual stimuli (o < 0.05),
except for somatosensory input with vision. There are only data
from studies conducted in the USA. There is also a version for
adults and older children

(Continued)
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TABLE 2 | Continued

Tool Objective Population Applicability Psychometric properties Language in which the
tests are available and the
psychometric scores

Classroom Promote therapist— Elementary school 161 items divided into sections by sensory ~ Classroom data (N = 152) were analyzed with counts, English

Sensory teacher collaboration aged type: vision (47), hearing (50), touch (20), frequencies, means, and SDs. Reliability was examined with

Environment to provide student movement (vestibular and proprioceptive; internal consistency ratings using Cronbach’s alpha. Skew and

Assessment support and classroom 25), smell (15), and taste (4). ltems for the kurtosis were examined using the Kolmogorov-Smirnov test

(CSEA) (75) modification, for research cafeteria, recess, and playground were of normality and histogram. Interrater reliability was analyzed

on the impact of the included. The teachers rated items on the with intraclass correlation coefficients. The tool’s internal
sensory environment for basis of a typical week. Teachers rated the ~ consistency is acceptable. Interrater reliability values did not
children with ASD frequency of occurrence of the sensory reach acceptable levels in the pilot using the teacher—therapist
experience as no, never, or not applicable; rating pairs and total score. The ICC was —0.197. Cronbach’s
rarely; occasionally; sometimes; and always. alpha = 0.94. The current phase (Phase 4) included
Next, if applicable, the teachers rated collection of descriptive data from a variety of elementary
the intensity of the experience as weak, classrooms using the current version of the CSEA and an initial
moderate, or strong investigation of its internal consistency

Preschool The purpose of the 1.5-4.9 years 40 PIPS items and 10 task categories of the  Psychometric study was conducted with 119 typically English

Imitation and Preschool Imitation PIPS: six gestural, three procedural and one  developing children. They demonstrated acceptable intra- and

Praxis Scale and Praxis Scale facial. The positive and strong associations  interrater reliability at the item level (0.45-1.00) and scale level.

(PIPS) (77,78) (PIPS) is designated between the PIPS scale score and scores Exploratory factor analysis disclosed four dimensions on the

to be a reliable and

valid multidimensional
instrument to measure
the accuracy of imitation
performance of preschool
children

on mental, language and motor measures
in children with autism spectrum disorders
supported criterion-related validity

scale: goal directed versus non-goal directed, procedural
imitation, and single versus sequential bodily imitation. Internal
consistency for the PIPS scale (@ = 0.97) and subscales was
high (a ranged from 0.79 to 0.96). In both samples, the PIPS
scale score was strongly related to age (r = 0.78, respectively,
r = 0.56). Significant relationships between the PIPS score and
mental, language, motor ages in the ASD sample supported
criterion-related validity (- ranged from 0.59 to 0.74)
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TABLE 3 | Summary table.

Tools Available Experimental Age of Proxy Test Modulation Perception and discrimination assess Praxis Language available
phase application methodology methodology assess assess
Vestibular Proprioceptive Visual Tactile

SIPT v 4-9 v v v v v v English
SP? v 0-14.11 v v v v v v English and Spanish
SPM v 2-5 SPM-P v v v v v v v English, Danish,

5-12 SPM Finnish, and Swedish
DeGangi-Berk Test of Sensory v 3-5 v v v v v English
Integration (58)
Touch Inventory for elementary v 6-12 Self-report v v English and Hebrew
School-aged Children (TIE) and parents—
(61, 62) school

questionnaire
(TIP)

Sensorimotor clinical observations v From 5 v v v v v English and Spanish
(63-66)
Comprehensive Observations of v From 2 v English and Spanish
Proprioception? (66)
Miller Assessment Preschoolers v 2.9-5.8 v v v v v v English, Japanese
(68) and Hebrew
Sensory Experiences Questionnaire v From 2 to v v English
Version 3.0 (SEQ-3.0)? (7, 69-72) 12 years

SEQ from

6-72 months
The Sensory Processing Scales v From 4-19 v English
version 2.0 (28)
Test of Ideational Praxis (73) v From v English
5-8 and
preschooler
form

Pediatric Clinical Test of Sensory v Over 6 v 4 v v English
Interaction for Balance (79)
Classroom Sensory Environment v From 6 v v English
Assessment? (75)
Preschool Imitation and Praxis Scale* v 1.5-4.9 v v English
Sensory Processing Assessment v 3-5 v v v v English
(SPA) (43, 80)
Motor Planning Maze Assessment® v 3-5 v v English

(73)

aThese tools have been created, but researchers are still conducting further investigations with an enlarged sample to improve validity and reliability.
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from two previous measures: the Evaluation of Sensory Processing
(ESP) and the School Assessment of Sensory Integration (SASI).
There is also a version for preschoolers (SPM-P). The form for
children aged from 3 to 10 years comprises 62 items distributed
across different domains: social participation, vision, hearing,
touch, body awareness, balance and motion, and motor plan-
ning (52, 87). SPM is a tool for evaluating elements related to
sensory processing, praxis, and social participation in different
school environments. The aim of this tool is to provide teachers
with information regarding sensory facilitators and barriers to
help students perform successfully. Pilot studies suggest that
SPM-School is a reliable and valid tool. However, results have
shown that the sensory processing items exhibit lower internal
consistency than the social participation items. Validity has been
observed to be higher when discriminating between children
with and without sensory processing issues (88). The tool has
been cross-culturally translated to Danish, Finnish, Norwegian,
Swedish, and Chinese. Lai et al. observed the patterns of behavio-
ral response toward sensory stimuli in the Hong Kong population
with the Sensory Processing Measure Chinese version. These
differences suggest the importance of the child’s environment.
The findings showed that the Sensory Processing Measure-Hong
Kong Chinese version was a valid and reliable tool in the screen-
ing for sensory processing of children aged 5-12 among Chinese
populations (53).

The Touch Inventory for Elementary School-Aged Children
(TIE) (61) is a children’s self-report measure of tactile defensive-
ness; authors recommend that the TIE be used in conjunction
with the modified parental version of the TIE to supplement
and identify more clearly the family contexts in which children
live and to support family-based/client-centered therapy and
outcomes. More extensive research studies addressing construct
validity, clinical utility, and responsiveness must be completed
(89). Furthermore, the author developed a preschool version that
could be applicable to children who are developmentally delayed
and non-verbal children (61).

The Sensory Experience Questionnaire 3.0 (SEQ-3.0) (69), is
useful in obtaining sensory characteristics and discriminating
sensory patterns of hypo- and hyper-responsiveness among
children with autism and mental or developmental retardation
between 2 and 12 years old.

Another questionnaire, the Sensory Sensitivity Questionnaire-
Revised, is oriented toward determining whether children with
autism show sensory hyper- and hypo-sensitivities in six areas:
auditory, visual, tactile, gustatory, vestibular, and olfactory (90).

In addition, the evaluation of sensorimotor disorders can be
conducted through clinical observations, which are principally
aimed at detecting vestibular, proprioceptive, and/or propriocep-
tive/vestibular difficulties (65, 67). The Clinical Observations
of Motor and Postural Skills could provide additional insight
into the maturity of the child’s nervous system, as well as rich
qualitative observations of sensory discrimination, muscle tone,
strength, sequencing, and planning (85). The tool allows for
observational assessment and helps interpret behaviors that may
be related to proprioception during skilled motor learning tasks
and everyday tasks, such as sitting posture, balance responses,
and use of body during play (67). Structured and non-structured

clinical observations are a useful tool for evaluating children who,
because of their age or diagnosis, cannot be assessed using other
tools. Structured clinical observations measure the following
functions:

(a) Vestibular processing, which includes vestibulo-spinal func-
tion (balance reactions, extensor muscle tone, and neck and
upper trunk stability); vestibulo-ocular function (capacity to
conduct visual tracking and maintain a stable field of vision);
vestibulo-perceptual function (spatial orientation, spatial
memory, and the ability to move in space); excitability of
the vestibular system; anticipatory mechanisms; and bilateral
coordination.

(b) Proprioceptive processing, which includes spinal function
(muscle tone, stretching reflexes, and dynamic stability);
subcortical functions (posture control and fluidity of move-
ment); cortical functions (awareness of the position of joints
and motor planning). Proprioception is also closely related to
excitement control and must be assessed.

(c) Vestibular-proprioceptive, which includes posture control and
anticipatory mechanisms.

The Comprehensive Observations of Proprioception (COP)
is a new assessment tool that organizes observations to provide
a structured method for assessing the relationship between
proprioceptive information and motor performance (postural
control, motor planning, and proximal stability), as well as
level arousal modulation. The aim is to identify proprioceptive
processing disorders in children with developmental disabilities,
and the tool is used in combination with clinical sensory-motor
observations or when the child is observed during free play.
Validity was established between the COP results and the results
of items from the SPM (body awareness), the kinesthesia test, and
the standing and walking balance test from the SIPT. Results of
factor analysis revealed four groups of proprioceptive dysfunc-
tions: (a) muscle tone and proximal joint stability; (b) behavioral
manifestations of proprioceptive seeking; (c) postural control;
and (d) motor planning (67).

Table 2 shows the different tools that can be included in
an assessment to evaluate sensory processing dysfunction.
Additionally, Table 3 summarizes the results obtained.

Excluded Tools

According to our previously established criteria, we excluded
the use of other instruments focused mainly on development,
visual, or motor skills. We also excluded tools used in other
approaches and environments, such as developmental psychol-
ogy, neurophysiology, and neuropsychology. In this respect,
we excluded 10 tests: Bruininks-Oseretsky Test of Motor
Proficiency (91); Bayley Scales of Infant Development-III (92,
93); Movement Assessment Battery for Children 2 (94); Batelle
Developmental Inventory (95); Peabody Developmental Motor
Scales (96); Test of Visual-Motor Skills-3m (97); Developmental
Test of Visual Perception (DTVP) (98); Developmental Test
of Visual-Motor Integration sixth ed (99).; Test of Visual
Perceptual Skills (TVPS-3) (100) and Motor-Free Visual
Perception Test (101); and the Developmental Coordination
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Disorder Questionnaire (102) (see Annex S1 in Supplementary
Material) (103-107).

We also excluded other tactile assessment tools designed for
specific populations (36) and electroencephalography (EEG),
which is used to diagnose SPDs (108). In addition, we excluded
other instruments that are commercially available but for which
scientific studies have not consulted databases on the psychomet-
ric properties of the tests employed or, in some cases, for which
no standardized methods are provided for assessment. This group
includes (1) the Preschool Sensory Scan for Educators (109),
which is a checklist designed for teachers to identify children who
they feel may be at risk for SPD under three categories: sensory
modulation, sensory discrimination, and sensory-based motor
skills. Each of these categories focuses on how the senses (tactile,
vestibular, proprioceptive, visual, auditory, and olfactory) are
affected. The instrument is available only for children between
2% and 5 years. A list of primary and secondary therapies is
also included. The tool is available only for the US population.
The group also includes (2) the Quick Neurological Screening
Test-third Edition (110), which is available only in English for
persons between 5 and 80 years old. The principal aim is to assess
neurological soft signs. Additionally, there is (3) Sensorimotor
Performance Analysis (111). This tool consists of four gross
motor tasks and three fine motor tasks that are broken down
by performance components. Although developed specifically
for cognitively handicapped, school-aged clients, SPA has been
found useful for clients in other age groups and clients with a
variety of sensorimotor problems, including dysfunction in
postural control and movement patterns. The instrument is
available only in English for individuals aged 5 years to adult.
Furthermore, there is (4) the Sensory Integration Inventory
Revised for Individuals with Developmental Disabilities (SII-R)
(112). The inventory was designed to screen for clients with
developmental delays and disabilities who might benefit from
a SI treatment approach and is a non-standardized checklist.
Finally, there is (5) Sensory Processing Assessment (SPA) (43),
a play-based behavioral observation assessment that allows for
the detection of hypersensitivity to specified sensory stimuli. The
assessment is specially designed to test children with autism and
has been used to assess sensory interests, repetitions, and seeking
behaviors (SIRS) (80). The checklist is not standardized and is
related to research rather than to clinical practice.

DISCUSSION, LIMITATIONS, AND
CONCLUSION

To the best of our knowledge, this is the first systematic review of
tools that are useful in assessing sensory processing in children
between 3 and 11 years. Additionally, we have included the lan-
guages in which each instrument is available. This study may help
establish future goals to meet the needs that exist in the evaluation
of sensory processing.

According to Roley et al. (81), there are certain groups that
require comprehensive evaluation of sensory processing interest,
such as children with ASD (81). We also believe that somatosen-
sory evaluation and praxis would be very useful in children with

ADHD according to recent neuroimaging studies and other
studies in this field (113-115).

The results of this systematic review reveal that there are a
total of 21 tools available for the evaluation of the different stages
of sensory processing in children aged between 3 and 11 years.
Among these, 15 tests are available and are supported by psycho-
metric studies, primarily for the US population. Nine of the tests
can be applied to children in preschool to grade 12. Only three
of them are designed solely for preschool children. Other tools
feature newly developed tests or questionnaires and research
processes. Among all tests, eight provide insight into the process
of modulation, nine provide information about the process of
discrimination, and eight allow for the assessment of praxis.

Most tests are only available in English and are designed for the
US population. However, the two main tools for assessing modu-
lation are available in different languages. Specifically, they are six
versions of SPM (English, Danish, Finish, Swedish, Norwegian,
and Chinese) and six different versions of SP (English, Spanish,
Arabic, Turkish, Indian, and Chinese). Unfortunately, the SITP is
only available in English and is designed for the North American
population.

The SIPT is the main comprehensive test with objective
tasks for evaluating sensory processing. Asher et al. reported
high reliability for SIPT scores in determining the presence of
SI disorder. Nevertheless, additional information is needed for
a more reliable interpretation of SIPT scores, such as clinical
observations and case history, to help clinicians make the more
subtle distinctions needed to determine the relevance of the
different sensory features for each case (35). However, the SIPT
does have some disadvantages. The test has only been validated
in a North American population, which limits its application
to other populations. Furthermore, it has never been revised
since it was created in 1989. Examiners need to be accredited
to administer the test, and both the training and the test itself
are costly. Another limitation is the length of time needed to
administer and correct the test, which means it is not frequently
used in daily clinical practice. Indeed, Szklut (85) recommends
the use of the MAP rather than the SIPT in children under the
age of 6 because of the ease of access to the test, its lower cost,
and the fact that the items are aimed at preschoolers and the
test is easier to correct (85). The results of our systematic review
can be helpful and promote interest in new sensory processing
evaluation tests. Given the potential usefulness and thorough-
ness of the test, it would be useful to have an updated version of
the SIPT, given the best available evidence to assess propriocep-
tive, vestibular, and tactile sensory discrimination and praxis,
which may apply to a broader age range, i.e., to children between
3 and 11 years.

The SP (and SP? the updated version) and the SPM are two
complementary questionnaires for assessing sensory modula-
tion using information from parents and teachers. These tools
help to detect the presence of modulation differences, although
they do not permit identification of discrimination dysfunction,
for which clinical tests or observations are required. Both tools
enable the detection of sensory processing problems in children
within their school environment (88). However, Lai et al. reported
that although the SPM-School was a highly reliable and valid tool
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when used with children aged 5 to 12, they recommended using
complementary tools for assessing other settings because the
correlation between the Home Form and the Classroom Form
was low (53). One advantage of these tools is that they allow data
to be collected rapidly, even electronically. Furthermore, there
exists a shorter version of the SP, the SSP, which has demonstrated
discriminate validity of over 95% in identifying children with
and without sensory modulation differences (57), which makes
it especially useful as a screening method.

A significant difference between the two questionnaires is
that SPM provides information on social participation and
praxis, whereas the SP? analyzes children’s neurological threshold
and responses associated with emotional and behavioral self-
regulation throughout their daily life (7).

It is worth noting that specific, exhaustive protocols are being
developed for the use of sensorimotor clinical observations as
wider-ranging tests in the assessment of the proprioceptive and
vestibular systems. For example, the COP provides a reliable
measure for identifying the origin of proprioceptive difficulties
that affect children’s functional performance. Inter-rater reliabil-
ity is high (0.91), and the tool is easy to administer (67).

The results of our study differ from those obtained in the
systematic review conducted by Eeles et al. to identify the tools
available for measuring sensory processing in children aged
0 to 3 years (4). These authors found that the Sensory Profile
(SP) enables early detection of possible modulation or regulation
disorders in early childhood. Therefore, we can conclude that, in
contrast to the case of the first 3 years of life, in addition to clinical
observations and questionnaires, there are also specific tests and
tasks for assessing sensory processing designed for the 3-11 age
group.

There are still areas in which assessment tools need to be
developed, such as the evaluation of overall tactile processing. In
this respect, Auld et al. review different clinically useful tools for
the assessment of tactile SI, especially for evaluating registration
and perception (36). In addition, it could be interesting to develop
new assessments of pain for children.

Sensory integration difficulties affect the daily life and func-
tionality of children with dysfunction. Early detection of these
particular aspects of SI and praxis will help researchers design
specific treatment programs (7). Anomalies in the modulation
of one or more sensory channels is one of the first signs of alarm
detected by parents, even at very early ages, as in the case of
autism spectrum disorders. The close link between the differ-
ent anomalies of SI and neurodevelopmental disorders in early
childhood make assessing sensory processing especially relevant
(7, 116). New assessment tools or an updated version of SPIT are
required to ensure correct diagnosis of the sensory and motor
factors that can affect functionality and participation in daily
life activities during childhood, especially for children aged 3
and 4 and children over the age of 9. Key areas to be developed
include measures of sensory modulation and wider-ranging tools
covering measures of proprioception and vestibular function,
standardized assessments of posture and balance and specific
measures of praxis (especially ideation and motor planning).

Our review reveals an increase over recent years in the number
of tools for measuring sensory processing, both those that are

fully validated and those in the research stage. The number has
risen from one study published per year between 2006 and 2009,
to seven in 2014, demonstrating a trend toward prioritizing the
assessment of sensory processing because of its relationship with
difficulties in development, learning, and behavior in childhood.

This systematic review shows some limitations that should
be considered when interpreting the findings. First, sample
exhaustivity: the review article only draws upon relevant studies
published in English and Spanish language according to specified
search criteria. Second, cultural biases: most of assessment tools
referred in our review have been designed in North American
context and tested out with North American samples.

Despite such limitations, we consider this systematic review
shows relevant information that could help in making decisions
about what assessment tools are available and what are more
accurate for each age and different patterns of sensory processing.
It is the first systematic review focused on Assessment of Sensory
Processing Characteristics in Children between 3 and 11 years old.
We hope this review will boost pediatricians, neurologists, and
occupational therapists to take into account this mode of assess-
ment in their daily clinical practice, in particular when assessing
ASD and others neurodevelopmental disorders that could help
to an early identification of SPDs: modulation, sensory-based
motor, and sensory discrimination disorders (11-19).

Not all cultures have specific instruments for the assessment
of all dimensions of sensory processing. In these cases, the use
of standardized instruments for the target population may be
useful for the assessment of specific dimensions required for
sensory processing, such as fine and gross motor skills, motor
planning, praxis, sequencing, fluidity, and control of movement,
particularly children where a sensory-based motor disorders are
suspected. In this sense, it could be useful Bruininks-Oseretsky
Test of Motor Proficiency, Bayley Scales of Infant and Toddler
Development Motor Scale (BSID) among others, to assess motor
control, or TVPS-3 or DTVP to assess visual perception, or
NEPSY-2 with the aim to know praxis. However, given that the
most prevalent SPD are SMDs (43%) (88), in addition to these
instruments, SP*> or SPM might be used to assess SMDs, espe-
cially in children born preterm and in low birthweight, because
they are at risk to suffer developmental disorders (53, 61). In
this way, the early detection of SPD is considered basic with the
aim to improve the development and the adaptive behavior in
childhood.

Transculturally adapted studies are thus a priority to permit
the identification of SPDs in other populations and thereby
facilitate access to treatment of infant neurodevelopmental
disorders. An effective future approach to the assessment of
sensory processing may well lie in the fusion of standardized
tests with neurophysiological tests, which could permit the use of
computerized tasks and brain-imaging techniques such as MEG
and RMN (7, 24, 117, 118).

Several important themes regarding assessment and future
research in the area of SI and sensory processing emerged
from this review. First, it is necessary to develop objective tests
to evaluate the modulation in addition to proxy methodology.
Second, it is important develop new tools to assess sensory
discrimination in children between 0 and 4 years, as well as for
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children over 9 years old through adolescence. Third, of all the
evidence analyzed, none can tell us whether their recording and
sensory quality assessment have been performed, which is why it
would be desirable to incorporate these elements into the evalu-
ation process, especially in research-based, objective assessment
tools via EEG, TMS, and neuroimaging techniques that allow
researchers to check how it has produced the sensory register.
Fourth, there is a lack of tools that help the clinician determine
tactile sensory characteristics, such as the processing of pain,
taste, and auditory stimuli.

Finally, although there is evidence of the effectiveness of SI
therapy, in the future, randomized controlled trials, systematic
reviews, and meta-analyses for different population groups (ASD,
ADHD, and other neurodevelopmental disorders or perinatal
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