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Objective: The objective of this study was to explore the potential of the Infant/Toddler Sen-

sory Profile (ITSP) as a screening tool for autism spectrum disorders (ASD) in prematurely 

born children.

Methods: Parents of 157 children with birth weights ,1,500 g (aged 2 years, corrected for 

prematurity; 88 boys, 69 girls) completed a screening battery that included the ITSP, Modified 

Checklist for Autism in Toddlers (M-CHAT), and the Communication and Symbolic Behavior 

Scales Developmental Profile Infant-Toddler Checklist (CSBS-DP-ITC). Children with known 

disabilities were excluded. All the children who were screened positive on any of the screening 

tools subsequently underwent clinical examination including the Autism Diagnostic Observation 

Schedule.

Results: We used classification trees to answer the question whether ITSP (or some of its sub-

scales) could be combined with the M-CHAT and/or the CSBS-DP-ITC or its subscales into an 

effective ASD screening tool. Using the CSBS-DP-ITC, overall score, and the Sensation Seek-

ing subscale of the ITSP, we obtained a screening tool that was able to identify all of the ASD 

children in our sample (confirmed by cross-validation). The proposed screening tool is scored 

as follows: 1) if the overall CSBS-DP-ITC value is ,45.5, then the screening is positive; 2) if 

the overall CSBS-DP-ITC value is $45.5 and the z-score of the Sensation Seeking subscale of 

ITSP is $1.54, then the screening is positive; 3) otherwise, the screening is negative.

Conclusion: The use of CSBS-DP-ITC in combination with the Sensation Seeking subscale 

of the ITSP improved the accuracy of autism screening in preterm children.

Keywords: autism spectrum disorders, preterm children, screening, Modified Checklist for 

Autism in Toddlers, Communication and Symbolic Behavior Scales Developmental Profile 

Infant-Toddler Checklist, Infant/Toddler Sensory Profile

Introduction
Sensory processing is the ability to receive, organize, and interpret sensory stimuli, 

including, but not limited to, oral, visual, vestibular, and auditory experiences.1 One of 

the best tools to evaluate the sensory symptoms in young children is the Infant/Toddler 

Sensory Profile (ITSP).1 It is a judgment-based caregiver questionnaire that char-

acterizes a child’s behaviors and performance in relation to sensory processing. 

It provides a standardized method to measure a child’s sensory processing abilities 

and to profile the effect of sensory processing on functional performance in the daily 

life of a child aged 0–36 months.1 The ITSP was created to extend the age range 
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of the original instrument, the Sensory Profile.2 The ITSP 

standardization process took place between 2000 and 2001 

and evaluated .1,100 infants and toddlers with and without 

disabilities between birth and 36 months of age.

The theoretical and conceptual features of the ITSP 

are based on Dunn’s model of sensory processing. Dunn1,2 

hypothesized an interaction between neurological thresholds 

and behavioral responses. Neurological threshold refers to the 

amount of stimuli required for a neuron or neuron system to 

respond. It is a continuum, with very high thresholds on one 

end and very low thresholds on the other end. The operations 

of the entire nervous system are based on excitation and inhi-

bition. Excitation occurs when the neurons are more likely to 

respond or are activated. Inhibition occurs when the likeli-

hood of responding is decreased or responses are blocked. 

The balance between these two extreme states is adjusted 

through modulation, which refers to the brain’s regulation of 

neural messages by facilitating or inhibiting responses. When 

modulation is intact, the nervous system responds to some 

stimuli while ignoring other stimuli, and the child gener-

ates an appropriate adaptive response to the situation.1 Poor 

sensory processing can take the form of over-responsivity 

or lack of responsivity. Behavioral response/self-regulation 

refers to the way children act relative to their thresholds. 

Passive responses to threshold indicate that the child behaves 

consistently with neurological threshold; however, active 

responses to thresholds indicate that the child behaves more 

actively and works against thresholds.1

Although difficulties with sensory processing have 

been associated with autism since it was first defined as a 

diagnosis,3 there has been a long-lasting debate whether 

sensory symptoms are a component of core autistic deficits 

or a co-morbid phenomenon.4,5 Two theories of sensory 

dysfunction in autism have been suggested: (1) over-arousal 

and (2) under-arousal theory. According to a review by 

Rogers and Ozonoff,6 there is more evidence that children 

with autism are hypo-responsive to sensory stimuli; however, 

there is very little support for hyper-arousal and failure of 

habituation in autism.

Sensory symptoms are often evaluated in the diagnosis of 

autism and are scored in “gold-standard” autism diagnostic 

measures. Sensory symptoms are more frequent and promi-

nent in children with autism than in typically developing 

children. Leekam et al7 showed that .90% of children with 

autism had sensory abnormalities and had sensory symptoms 

in multiple sensory domains. Sensory abnormalities were 

pervasive, multimodal, and persistent across age and ability in 

children and adults with autism. However, evidence that these 

symptoms differentiate autism from other developmental 

disorders is lacking. Certain groups, including children with 

fragile X syndrome or those who are deaf–blind, seem to 

demonstrate higher rates of sensory symptoms than children 

with autism,6 even though fragile X syndrome might be one 

of the many etiologies behind autism.

The development of parent-caregiver-administered, 

standardized norm-referenced sensory questionnaires has 

allowed quantification of these behaviors relative to age 

norms. Findings from standardized questionnaires show that 

45%–95% of individuals with Autism Spectrum Disorders 

(ASD) present with high frequencies of sensory behaviors 

that are .1 standard deviation (SD) away from norms.8–10 

A meta-analysis of 14 studies by Ben-Sasson et al4 indicated 

a significant difference between ASD and typical groups rela-

tive to the presence and frequency of sensory symptoms, with 

the greatest difference in 1) under-responsivity, followed by 

2) over-responsivity, and 3) sensation seeking. Sensory dif-

ferences were greatest in studies of children aged 6–9 years, 

samples with an autism diagnosis in .80% of cases, and 

compared to a chronological age-matched group versus 

mental age/developmental delay-matched group.

ASD prevalence in the general pediatric population is 

currently believed to be in the range of 1%–1.5%.11,12 How-

ever, there are populations with increased risk for ASD. 

Recent studies on the prevalence of ASD in prematurely born 

children have indicated high prevalences of ASD, ranging 

between 3.65% and 12.9%.13–17

There is a challenging question, whether different perfor-

mance on the sensory profile could be used to indicate which 

prematurely born infants are at greatest risk of developing 

ASD in the future. As for sensory symptoms and prema-

turity, Dunn1 described some significant differences in the 

data for children aged 0–6 months born prior to 38 weeks 

of gestation. These babies tended to be hyper-responsive to 

stimuli during the early months of development. However, 

Dunn found no significant differences in the data for children 

aged 7–36 months based on the time they were born in rela-

tion to their gestation. Dunn hypothesized that the effects 

of prematurity fade as the child gains more experience with 

sensation. On the other hand, several studies have published 

data about atypical sensory profile scores in the population of 

preterm infants. Atypical sensation seeking18 and atypical oral 

and auditory sensory processing19 have been reported in late 

preterm infants (gestational age between 34 and 35 weeks). 

Wickremasinghe et al20 reported that ~40% of sensory profiles 

have been found to be atypical among children born very 

prematurely (#32 weeks of gestation). No specific perinatal 

or neonatal risk factors were associated with atypical overall 

sensory profiles. Eeles et al21 compared the sensory profiles 
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of very preterm children born before 30 weeks of gestation 

with the profiles of term-born controls at 2 years of age. 

They found that very preterm children had scores consistent 

with stronger patterns on sensory profiles compared with 

term-born children; an association with male sex, higher 

social risk, longer hospital stays, and moderate to severe 

white matter abnormalities were also described. Recently, 

Rahkonen et al22 described that atypical sensory processing 

in very preterm children was common, and children with 

neonatal neuroanatomical lesions tended to present specific 

behavioral responses to sensory stimuli. However, none of 

the studies was focused on the simultaneous presence of 

sensory symptoms and autism in a population of prematurely 

born children.

It is striking that preterm children may have both a risk 

of atypical sensory behaviors as well as increased rates of 

ASD. It is possible that atypical sensory behaviors in very 

low and extremely low birth weight children may result in 

false-positive ASD diagnoses.22 On the other hand, atypi-

cal sensory behaviors might be important components of 

the ASD phenotype, at least in some preterm infants. Our 

team was the first to use a standardized norm-referenced 

sensory parent questionnaire as an autism-specific screen-

ing tool in prematurely born children. The other screening 

instruments used in this study were broadband screens, the 

Modified Checklist for Autism in Toddlers (M-CHAT), and 

the Communication and Symbolic Behavior Scales Devel-

opmental Profile Infant-Toddler Checklist (CSBS-DP-ITC). 

We have already published two articles on this topic. The first 

article was based on preliminary data and involved first 101 

examined preterm children.16 The second article comprised 

the final sample of 157 preterm children and was focused on 

ASD prevalence in preterm children, as well as on specific 

psychometric values of the three tests.17 Our assessment of 

the screening potential of the ITSP led to skepticism. Its 

usefulness as a sole test in autism screening seemed to be 

limited. The ITSP was significantly inferior to the CSBS-

DP-ITC (14.3% versus 27.1% of positive screens, P=0.022) 

and nonsignificantly inferior to the M-CHAT (14.3% versus 

17.8%, P=0.522) in our study.17 Although the present study 

is based on the same final data set, its aim and methods are 

completely different.

The objective of the present study was to determine 

whether there is enough evidence to recommend the use 

of ITSP or some of its subscales as an additional tool for 

the detection of autism for use in combination with other 

screening instruments. Although our previous papers16,17 

dealt with the traditional comparison of the screening tests 

by means of standard statistical methods, the present study is 

mainly based on innovative mathematical methods to achieve 

a more complex model of autism screening.

Materials and methods
sample
Preterm children with birth weights ,1,500 g were con-

secutively recruited from March 2012 to June 2014. Three 

centers for newborns and infants at risk participated in the 

study: Department of Pediatrics, University Hospital Motol, 

Prague; Department of Pediatrics and Adolescent Medicine, 

General University Hospital, Prague; and Department of 

Pediatrics, University Hospital, Hradec Kralove. Families 

were informed about the research project during routinely 

scheduled checkups for 2-year-old children (age corrected 

for prematurity). Children with substantial disabilities, such 

as cerebral palsy or major vision and/or hearing impairments, 

were excluded, as well as children with specific syndromes, 

which had been confirmed prior to the evaluation. The 

study was approved by the ethics committees of all three 

 participating hospitals (Ethics Committee for Multi-Centric 

Clinical Trials of the University Hospital Motol, Prague, 

Reference number: EK-372/12; Ethics Committee of the 

General University Hospital, Prague, Reference number: 

22/12; Ethics Committee, University Hospital Hradec 

Kralove, Reference number: 201209 S13P).

Parents of 247 children with birth weights ,1,500 g  

agreed to participate in the study and signed informed con-

sents. Of these, parents of 157 children (63.6%) completed 

the screening questionnaires, which were sent to the Depart-

ment of Child Psychiatry. The sample consisted of 88 boys 

and 69 girls, aged 2 years (corrected for prematurity). The 

mean gestational age at birth was 28.2±2.6 weeks. How-

ever, not all cases could be used in all data analyses. For 

the classification process, only 131 cases were included 

(23 children, who were positive on at least one screening test, 

but whose parents did not agree to the clinical examination, 

were excluded as well as three cases that involved missing 

information that was essential for the comparison).

ASD screening tools
The screening battery included: the Modified Checklist for 

Autism in Toddlers (M-CHAT), the Communication and 

Symbolic Behavior Scales Developmental Profile Infant 

Toddler Checklist (CSBS-DP-ITC), and the ITSP.

Detailed description and information about the psycho-

metric properties of the M-CHAT and the CSBS-DP-ITC 

were given in our previous paper.16 As the current study 

focuses specifically on the ITSP, we add more detailed infor-

mation about the characteristics of this tool.
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The ITSP1 is a 48-item parent-caregiver questionnaire 

that measures sensory modulation abilities in children 

aged 7–36 months. Parents rate the frequency of their 

child’s behavior on a 5-point scale from 1 (almost always) to  

5 (almost never). Items are grouped into five sensory sys-

tems sections, that is, auditory processing (10 items), visual 

processing (7 items), tactile processing (15 items), vestibular 

processing (6 items), and oral sensory processing (7 items). 

Three items refer to general processing. Another grouping 

of the items yields four quadrant scores, which characterize 

the child’s neurological thresholds and behavioral responses 

to sensory stimuli. Quadrant scores are divided into low 

registration, sensation seeking, sensory sensitivity, and 

sensation avoiding. Scores at the higher end of the scoring 

continuum indicate the child is less responsive than their 

peers, whereas scores at the lower end of the scoring con-

tinuum indicate the child is more responsive than their peers. 

Section scores and quadrant scores are interpreted relative 

to age norms. Scores between −1 SD and +1 SD from the 

mean represent typical performance. Definite differences 

correspond to scores outside ±2 SD and probable difference 

to scores between ±1 and ±2 SD. Scores ,−1 SD represent 

more frequent atypical responses than others because ITSP 

gives the lowest points always. Scores .+1 SD represent less 

frequent atypical responses than others because ITSP never 

gives the highest points. Reliabilities for various composites 

scores range from 0.69–0.85. The ITSP is not generally used 

for screening; therefore, we established a new criterion for 

a positive screening. Participants were considered to have 

screened positive if results were outside 2 SD of population 

norms (“definite difference”) on at least two scores involving 

the section and/or quadrant scores.

Procedure
The parents of prematurely born children with very 

low birth weights (VLBW ,1,500 g) and extremely low 

birth weights (ELBW ,1,000 g) (2 years of age, corrected for 

prematurity) completed the screening battery questionnaires 

and sent them to the Department of Child Psychiatry at Motol 

University Hospital. All the children who were screened posi-

tive on any of the screening tools were subsequently invited 

for a detailed follow-up assessment. The assessment involved 

testing using the Autism Diagnostic Observation Schedule 

(ADOS)23 and a clinical examination by two experienced 

child psychiatrists with expertise in autism. The concept 

of the “best estimate clinical diagnosis” (BED) was used 

as the gold standard.24 In cases of disagreement between 

the ADOS diagnosis and best estimate clinical diagnosis, 

the latter was preferred. The International Classification of 

Diseases, Tenth Edition (ICD-10) provided the criteria for 

the clinical diagnoses.25

Data analysis tools
Statistical analysis was performed using the Statistical 

Package for the Social Sciences (SPSS, version 22.0; IBM 

Corporation, Armonk, NY, USA) and R (R Core Team, 

2015).26 Descriptive statistics for the samples were used. The 

Cochran’s Q test was used for analyzing differences in positive 

screening results among tests. More detailed pair comparisons 

between tests were performed using the paired Wilcoxon sign 

test false discovery rate adjusted for multiple testing.

Further analysis of the data was performed using 

MATLAB R2014a. Classification trees27–29 were used as a 

basic analysis tool to identify promising scales or subscales of 

the three diagnostic instruments (M-CHAT, CSBS-DP-ITC, 

and ITSP). Classification trees are a mathematical tool used 

to partition a set of objects into subsets (classes) based on the 

values of a nominal or ordinal discrete variable (eg, correct 

diagnoses). The classification is performed based on the 

values of one or more features of the objects (or values of 

specific scales/diagnostic tools). From the diagnostic point 

of view, the variable defining the classes can be binary (ie, a 

positive or negative diagnosis) and the characteristic features 

can be the values/outputs/scores of various diagnostics or 

screening tools (methods) – this is the case of binary clas-

sification trees. Binary classification-tree models employed 

in the analysis presented in this paper hierarchically select 

features that best distinguish between two classes (ie, posi-

tive diagnosis [P] and negative diagnosis [N]) and specify 

the threshold values of these features (the classification tree 

is then split at the given node into sub-branches based on the 

value of these thresholds or cutoffs and appropriate classes 

are assigned to the sub-branches). This is the established 

system behind many diagnostic methods used in psychol-

ogy and medicine – to identify those features that provide 

the best discrimination power (eg, between people who 

should be assigned a diagnosis and people who should not) 

and to specify the cutoff value(s) of the identifying feature; 

that is, the values that are characteristic for the given class 

(diagnosis). In this sense, classification trees can be seen as a 

tool for the selection of appropriate cutoffs of given scales 

(features) and as a tool that is not dependent on specific 

standardizations of the measurement instruments. For those 

diagnostic (or screening) tools that deal with raw scores or 

their linear transformation, the classification tree can itself 

be considered a standardization procedure (if the sample is 
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representative of the given population). Classification trees 

also allow for reflection on the severity of false negative (FN) 

and false positive (FP) errors. This was done by assigning 

different “costs” to these types of errors.

The selection of features for classification is done step 

by step based on the minimization of the cost function, 

reflecting the relative severity of FN-type and FP-type 

errors – sometimes called the “impurity,” which is a weighted 

sum of FN and FP. In the first step, the feature that provides 

the largest reduction of impurity is identified as the root node 

of the tree structure representing the classification process; 

at that node, the set of data to be classified is split into two 

disjointed subsets with respect to the threshold value for 

which the impurity of classification, based solely on the root 

node feature, is minimal. Two branches of the classification 

tree are thus defined each representing a different class and 

the features representing their end nodes (leaves) are identi-

fied analogically. The process of splitting nodes (creating 

branches) stops when zero impurity is reached (ie, all the 

data instances in the given branch are correctly classified) 

or no reduction of impurity is possible. A classification tree 

obtained this way is a representation of the classification 

process. As such it is a description of how to assign a class to 

each data instance based on the values of the selected features 

(Figure 1 shows our proposed classification tree). To avoid 

overfitting, that is, to make the resulting classification tree 

more robust, we prune the resulting classification trees so 

that relatively few levels or decision nodes remain (during 

the actual analysis of the data, we identified two levels or 

a maximum of three decision nodes as a reasonable level 

of pruning). The resulting classifier is then examined by 

the “leave-one-out cross-validation” procedure to assess its 

robustness in more detail.27,30

Results
Variables used in the analysis
The objective of this study was to determine whether ITSP 

(or some of its subscales) can be combined with other 

screening tools (eg, the M-CHAT, CSBS-DP-ITC, or its 

subscales) into an effective ASD screening tool that could 

better discriminate between autistic and nonautistic cases. 

In order to address this, we applied classification trees to 

the sets of available data (ie, variables/criteria) and overall 

results or subscales of the ITSP, M-CHAT, and CSBS-DP-

ITC, which consisted of:

•	 The overall scores for the M-CHAT and CSBS-DP-ITC 

(raw-scores) – two features

•	 Two separate raw scores from the M-CHAT (score for 

critical questions and score for overall questions) – two 

features

•	 The raw scores of the subscales of the CSBS-DP-ITC 

(social composite, speech composite, and symbolic 

composite) – three features

•	 The scores from the ITSP subscales (auditory processing, 

visual processing, tactile processing, vestibular process-

ing, oral sensory processing, low registration, sensation 

seeking, sensory sensitivity, and sensation avoiding) – 

nine features.

In this case, in accordance with the diagnostic manual, the 

raw scores of the scales were transformed into z-scores.

•	 The screening results obtained from each tool separately –  

three features.

•	 The aggregated results of pairs of screening tools 

(a screening was considered positive if at least one of 

the tools from the pair was positive) – three features.

•	 The overall result of the screening: a combination of 

all the three screening tools; the M-CHAT, CSBS-DP-

ITC, and ITSP used together (screening was considered 

positive if any of the three methods was positive) – one 

feature.

For the ITSP, we converted raw scores to z-scores (since 

the diagnostic manual1 suggests the use of z-scores). How-

ever, we did not use the absolute values of the distance from 

the mean, in terms of standard deviation multiples, that is, 

the absolute values of z-scores as applied in the screening 

and suggested in the ITSP diagnostic manual, since these 

values assume symmetry in the diagnostic power of positive 

and negative deviations. Therefore, we worked with z-scores 

of the scales (ie, both positive and negative values) to allow 

Figure 1 Proposed classification tree.
Notes: The first two branches are defined by the total score of the CSBS-DP-
ITC (ITC sum). The screening outcome is positive (denoted by 1) for an ITC sum 
,45.5 (first classification rule). The branch for ITC sum $45.5 is further split into 
two sub-branches based on the z-score of the Sensation Seeking scale of the ITSP 
(SP senseek SD) relative to the value of 1.54. In this branch of the classification tree 
sP senseek sDs $1.54 result in a positive screening outcome (denoted by 1) and SP 
senseek sDs ,1.54 in a negative screening outcome (denoted by 0).
Abbreviations: CSBS-DP-ITC, Communication and Symbolic Behavior Scales 
Developmental Profile Infant-Toddler Checklist; ITSP, Infant/Toddler Sensory Profile; 
sD, standard deviation. 
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for possible asymmetry. This is a more general approach 

and does not violate the reasoning used in the construction 

of the method and the cutoff scores. In total, 23 features 

were considered. Based on the purpose of the screening, 

we considered misclassification costs of FN-type errors to 

be higher than the misclassification costs of FP-type errors. 

The optimal resulting screening tool (classifier) was one that 

had an FN as close to 0 as possible, while at the same time 

having a reasonably low FP count. 

Having selected these 23 features, we obtained a data set 

of 131 cases (for description of excluded cases, see Methods, 

subsection Sample). As a correct/final diagnosis, we used the 

“best estimate clinical diagnosis” made by two experienced 

child psychiatrists with expertise in autism (the concept is 

discussed in the Methods section).

The resulting classification tree and its 
cross-validation
The classification trees were pruned to two levels (with a 

maximum of three decision nodes), and subsequently the 

“leave-one-out cross-validation” procedure was applied to the 

pruned tree (leaving only the selected features correspond-

ing to the decision nodes in the pruned tree). The following 

characteristics of the classifier were computed both for the 

classifier and for its cross-validation: FN count, FP count, TN 

count, TP count, accuracy, sensitivity, specificity, positive 

predictive value (PPV), negative predictive value (NPV), 

false-positive rate (FRP), false-negative rate (FNR), F mea-

sure, area under the ROC curve (AUROC), and Cohen’s 

kappa coefficient – all under their standard definitions.31

Applying the classification tree method to the 23 features, 

we identified the classification tree presented in Figure 1 

as the best classifier that can be constructed and remain 

sufficiently robust. The characteristics of the classification 

results are summarized in Table 1. Note, that it is possible 

to achieve FN =0 (NPV =1 and sensitivity =1) while the 

count of FP =18 is reasonably low. Using the CSBS-DP-ITC 

overall score and the Sensation Seeking subscale of the ITSP, 

we obtain a screening tool that could identify all the chil-

dren with ASD in our sample. The items included in the 

Sensation Seeking subscale are described in Table 2. The 

behaviors covered by this subscale are easily identifiable in 

the studied age group. Since the tree is pruned to just two 

decision nodes, the risk of overfitting is low. The robustness 

of the proposed classifier (screening tool) is demonstrated 

by the results of the “leave-one-out cross-validation.” This 

validation technique was applied to assess how the results 

would generalize to an independent data set. The main 

purpose of using the leave-one-out cross-validation was to 

see how accurately the classification model would perform 

in practice (also for independent samples outside the current 

data set). The basic idea was to separate data into a training 

data set (used to establish our model) and a testing data set 

(which is then used to validate the model) – the classifiers 

built into the cross-validation never use the whole data set 

for fitting. The cross-validation in this case resulted in same 

identical characteristics as the original classifier. This can 

be interpreted to mean that no single data instance carries 

crucial information for its classification.

The proposed screening tool (see Figure 1) suggests the 

following reasoning for screening:

•	 If the overall value of the CSBS-DP-ITC is ,45.5, then 

the screening is positive.

•	 If the overall value of the CSBS-DP-ITC is $45.5 and the 

z-score for the Sensation Seeking subscale of the ITSP 

is $1.54, then the screening is positive.

•	 Otherwise, the screening is negative.

Note that CSBS-DP-ITC is positive when its overall raw 

score (denoted as ITC sum in this paper) is #42. The clas-

sification tree depicted in Figure 1 suggests a threshold for a 

positive outcome at 45.5. Since this value is higher than the 

value in the diagnostics manual for the CSBS-DP-ITC, every 

child screened positive with respect to the CSBS-DP-ITC 

would also be classified as positive according to the proposed 

Table 1 Characteristics of the proposed classification process (screening tool) based on the CSBS-DP-ITC overall score and the 
Sensation Seeking subscale of ITSP

FN FP TN TP Accuracy Sensitivity Specificity
0 18 100 13 0.863 1 0.847

PPV NPV FPR FNR F-measure AUROC Kappa
0.419 1 0.153 0 0.591 0.710 0.524

Notes: Accuracy, the ratio of the number of correct screening results to the total number of children (n): (TN +	TP)/n; sensitivity, the ratio of the number of correct positive 
screening results to the total number of children with ASD in the sample (yesASD): TP/yesASD; Specificity, the ratio of the number of correct negative screening results to 
the total number of children without ASD in the sample (noASD): TN/noASD; F-measure, 2× (PPV × sensitivity)/(PPV + sensitivity); aUrOc, the area under the receiver 
operating characteristic (ROC) curve for the classifier;32 Kappa, the Cohen’s kappa coefficient.33

Abbreviations: FN, false-negative count; FP, false-positive count; TN, true-negative count; TP, true-positive count; PPV, positive predictive value; NPV, negative predictive 
value; FPR, false-positive rate; FNR, false-negative rate.
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classifier (ie, a screening based on the proposed classification 

tree would be positive). Therefore, the screening tool pro-

posed in this paper is more “conservative” (since FN errors 

are a more significant problem, our screening might identify 

more children as positive, but it can never identify fewer TP 

than the CSBS-DP-ITC with a threshold of 42).

interpretation of the proposed 
classification tree
According to the ITSP diagnostics manual for the given age 

of children, the raw scores outside the interval (mean −2 SD, 

mean +2 SD) are considered to be definitely different from 

the norm (the corresponding interval in z-scores is [−2, 2]). 

Our classifier identifies the z-score cutoff at 1.54, values 

above this threshold indicate positive screening results for 

ASD. Above the mean value, this threshold is again more 

“conservative” in the same sense as in the CSBS-DP-ITC 

discussed above. Note that negative deviations from the 

mean (over-responsiveness according to the ITSP) are not 

considered to be significant for screening purposes. Figure 2 

provides a clear illustration that negative sample values of 

z-scores have low classification power. This is a clear argu-

ment for the use of z-scores over their absolute values in 

connection with the ITSP in this case. The effect of the 

screening rules 1, 2, and 3 are summarized in Figure 2, 

where the values of overall CSBS-DP-ITC score are plotted 

against ITSP sensation seeking (SD) values. Our work has 

allowed us to identify two features that can be used in the 

screening for ASD in prematurely born children. Figure 2 

clearly illustrates that the ITSP sensation seeking (SD) values 

Table 2 Sensation seeking subscale 

Item number Sensation seeking item description

6 My child enjoys making sound with his/her mouth
12 My child finds ways to make noise with toys
14 My child enjoys looking at moving or spinning objects 

(eg, ceiling fans, toys with wheels, and floor fans)
15 My child enjoys looking at shiny objects
19 My child enjoys looking at own reflection in the mirror
20 My child prefers fast-paced, brightly colored TV shows
31 My child enjoys playing with food
32 My child seeks opportunities to feel vibrations  

(eg, stereo speakers, washer, and dryer)
34 My child enjoys splashing during bath time
35 My child uses hands to explore food and other 

textures
37 My child enjoys physical activity (eg, bouncing, being 

held up high in the air)
38 My child enjoys rhythmical activities (eg, swinging, 

rocking, and car rides)
42 My child licks/chews on nonfood objects
43 My child mouths objects

Notes: Items 6 and 12 belong to the Auditory Processing Section. Items 14, 15, 19, 
and 20 belong to the Visual Processing Section. Items 31, 32, 34, and 35 belong to 
the Tactile Processing Section. Items 37 and 38 belong to the Vestibular Processing 
Section. Items 42 and 43 belong to the Oral Sensory Processing Section. Each item 
was scored by the child’s caregiver on 5-point scale from almost always (1) to almost 
never (5).

Figure 2 Visualization of the effect of the suggested screening tool on the data sample.
Notes: Vertical green line represents screening rule (1), horizontal green line represents screening rule (2). Red dots are children with ASD, and blue circles are children 
without ASD. The “ITC sum” axis represents the total CSBS-DP-ITC score, the “SP senseek SD” axis represents the z-score of the Sensation Seeking scale of the ITSP.
Abbreviations: ASD, autism spectrum disorder; CSBS-DP-ITC, Communication and Symbolic Behavior Scales Developmental Profile Infant-Toddler Checklist; ITSP, Infant/
Toddler Sensory Profile.
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provide valuable screening information. The data confirm 

(Figure 2) that the decision not to deal with the absolute 

values of z-scores regarding ITSP was reasonable (ie, values 

of ITSP sensation seeking [SD] greater than the mean value 

provide the necessary additional information for classifica-

tion). Additionally, if z-score values ,−1.54 were consid-

ered to be representative of ASD, then the FP count would 

increase without any improvement in the performance of the 

suggested screening tool. We should also note that from the 

clinical perspective, four measures are being considered in 

the proposed classifier – the ITSP sensation seeking scale, 

and the three subscales of CSBS-DP-ITC: social composite, 

speech composite, and symbolic composite (since the sum of 

their scores constitutes the overall CSBS-DP-ITC score).

Discussion
Preterm children are at increased risk of both atypical sen-

sory behaviors19–22 and ASD.13–17 The role of sensory abnor-

malities in the higher prevalence rate of ASD in the preterm 

population is not thoroughly understood. It has been stated 

that for autism, in general, most evidence supports the hypo- 

responsiveness to sensory stimuli, while theories about hyper-

arousal and failure of habituation lack significant support.6 

On top of that, children with ASD differ significantly from 

typical groups regarding the presence and frequency of 

mainly under-responsivity, followed by over-responsivity, 

and sensation seeking.4 On the other hand, atypical sensory 

profile scores have been described in preterm infants,19–22 

without agreement on the typical sensory profile pattern for 

this group. Some studies of preterm infants included informa-

tion about special neurological abnormalities, which might be 

the root of abnormal sensory symptoms. Moderate to severe 

white matter abnormalities21 and neonatal neuroanatomi-

cal lesions22 have been described. We infer that abnormal 

sensory processing might be an important component of the 

diagnosis of ASD in at least some preterm children; how-

ever, in other children, these symptoms might lead to false-

positive screening results for ASD, which has already been 

suggested by Wickremasinghe et al20 and Rahkonen et al.22 

The strength of our screening study is that all toddlers with 

positive screening results on any of the screening tools were 

invited for the detailed diagnostic assessment, during which 

an ASD diagnoses was confirmed or excluded.

Our assessment of the screening potential of the ITSP, 

performed also on preterm population, led to skepticism.17 

However, we still foresee a possible role for the ITSP, or 

some of its subscales, when used as an adjunct with other 

screening instruments, to identify some cases of ASD in the 

preterm population. This assumption is based on previous 

research that found abnormalities in sensory behaviors in 

45%–95% of individuals with ASD;7–10 however, in general, 

evaluation of sensory symptoms is underrepresented in 

autism screening tools.

In our data analysis, we used classification trees to exam-

ine all possible combinations of overall results as well as 

results from subscales from three screening tools (23 features 

in total) to find the optimal screening result of our sample. 

Based on clinical implications, an optimal screening result 

was one with an FNR close to 0, and with the false positive 

rate also being reasonably low. On the basis of this approach, 

we identified that the optimal positive screening result is 

achieved when the overall CSBS-DP-ITC value was ,45.5, 

or when the overall CSBS-DP-ITC value was $45.5 and the 

Sensation Seeking subscale of the ITSP was $1.54. This 

finding was in line with our theoretical assumption that 

abnormal sensory processing might help identify some pre-

term children with ASD.

The positive overall CSBS-DP-ITC score used in our 

study (45.5) was greater than the positive overall score 

recommended by the authors – “less than or equal to 42,”34 

therefore our screening might identify more children with 

ASD. The importance of the Sensation Seeking subscale, 

however, is surprising, given that the subscale value ($1.54) 

means that the child engages in sensation seeking behavior 

less frequently than others. 

The evidence regarding sensation seeking patterns in 

children with ASD is the least consistent. Ermer and Dunn35 

found that a lower incidence of sensation seeking behavior 

was one of the main characteristics that differentiated children 

with ASD from both typically developing children and 

children with ADHD and suggested that since the Sensory 

Profile was able to discriminate between the studied groups, 

the measure might be useful during the screening process for 

autism, PDD, or ADHD. In contrast, Dunn1 did not find a dif-

ference in sensation seeking scores for toddlers with PDD and 

typically developing children, when using the ITSP. On top 

of that, the higher incidence of sensation seeking behaviors 

in children with ASD compared with typically developing 

children was described by Dunn et al36 and Watling et al.37 

Ben-Sasson et al38 suggested that this inconsistency may 

relate to differences in the age range, which ranged from 3 to 

15 years. In the study of Ben-Sasson et al,4 toddlers with ASD 

were most distinct from typically developing groups in their 

low frequency of sensation seeking, high frequency of under-

responsiveness, and avoidance behaviors. In a meta-analysis 

by Ben-Sasson et al,4 a lower incidence of sensation seeking 
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in studies of 0- to 3-year olds was the only finding of a lower 

frequency of any sensory seeking behavior in ASD cases 

relative to typical groups. Chronological age was found to be 

the only factor that contributed to the variability in sensation 

seeking in persons with ASD. Therefore, these findings could 

be explained that the sensation seeking increases with age. 

These behaviors in toddlers with ASD may not differ from 

typically developing toddlers in frequency (as described by 

the ITSP) but rather in quality.38

The low incidence of sensation seeking behavior might 

be that fortuitous feature that can discriminate between 

preterm children who will develop ASD and those who will 

not, relative to those with negative screening results on the 

CSBS-DP-ITC. 

The results of our study may encourage future devel-

opment of screening tests for autism that include ques-

tions related to Sensation Seeking behavior. Before making 

any recommendations regarding clinical practice based on 

our results, our results on this particular population should 

be replicated; although, we think that using screening instru-

ments in preterm children with more than a 10-fold increase 

in prevalence does not significantly handicap the data, since a 

lower-order number of probands is needed in order to obtain 

reliable results.16

The limitation of our study was that a large number 

of children with positive screens did not undergo clinical 

evaluation because of their parent’s lack of interest (23 of 56 

[41.1%]).17 However, drop-outs are a well-known problem in 

the follow-up studies. In the only follow-up study performed 

in preterms (besides ours),39 the drop-out rate was 14% even 

when the authors used telephone follow-ups, which are much 

more convenient for parents than the clinical evaluation that 

was used in our study.

Conclusion
The utility of ITSP alone as a screening tool for autism, 

initially, did not seem to be very promising; however, when 

the Sensation Seeking subscale of the ITSP was used in com-

bination with the CSBS-DP-ITC, the screening accuracy for 

autism in preterm children was substantially improved.
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