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Abstract
Current research suggests that autism spectrum disorders (ASD) negatively affect motor development.  Among experts, it is widely accepted that early intervention is the most effective method for improving quality of life for individuals with ASD.  This study proposes to determine whether or not the effect of ASD on motor development can be used as an early indicator for identifying infants displaying characteristics of ASD. Using motion capture technology, the movements of infants at high risk of ASD will be compared to the movements of those at low risk.  Specific movements of interest include head lag, as demonstrated in a pull-to-sit task, and arm trajectory exhibited in reaching for an object.  In analyzing the collected data, it is expected that a discernible difference in movement will be detected.  If results are as expected, this study will lay the foundation for the creation of a developmental benchmark intended to identify infants displaying early indicators of ASD.

Introduction
Autism spectrum disorders (ASD) affect a significant part of the population, leading to lifelong inhibited social functioning.  The spectrum includes five conditions – autism, Asperger syndrome, Rett syndrome, childhood disintegrative disorder, and pervasive developmental disorder not otherwise specified (APA, 2000).  Though all five disorders have different causes, they present with similar core symptoms (A. Egel, personal communication, October 23, 2009).  Individuals with ASD face a wide range of impairments in socialization, communication, and behavior.  Treatment is designed to minimize self-injurious behaviors and develop specific skills, ultimately bringing the individual to normative social functioning. 

Previous research indicates a strong link between movement and the presence of an ASD.  Several studies have shown that individuals diagnosed with ASD display consistent differences in their motion, compared to typical children of the same age, when performing actions such as sitting, crawling, and lying down (Teitelbaum, 1998; Ozonoff et al., 2008).  There are plenty of descriptive studies regarding motion, but little data exists to quantitatively characterize these differences in movement.  The purpose of this study is to use motion capture technology to find quantifiable differences in the movement of infants at high and low risk for ASD.  For the purposes of this study, infants considered to be at high risk for ASD have a sibling clinically diagnosed with ASD, whereas infants at low risk do not have a sibling with ASD (Zwaigenbaum et al., 2006). 

The proposed study aims to answer the following question regarding the relationship between autism and movement - is there a significant difference in head motion, arm motion, and overall movement between infants at high and low risk for ASD?  To answer this question, motion capture technology will be used to analyze the movement of infants, age six to ten months, performing two specific tasks and in a free-play situation.  In the first task, a pull-to-sit motion, a researcher will grasp the infant’s hands and pull him from a supine to sitting position.  During this motion, the OptiTrack’s six cameras and ARENA software will be used to analyze the degree of head lag.  In the second task, a reaching motion, a researcher will place the infant in a supine position and stimulate reaching using a small toy.  During the reach, the OptiTrack motion capture system will measure various positions over time of the hand, forearm, and upper arm.  Finally, the infant will be allowed time for free motion, and data analysis algorithms will be used to detect significant differences in joint movement between the high and low-risk samples.  

Based on a review of the literature, it is expected that a quantifiable and consistent difference between the motion of infants at a high risk for ASD and infants at a low risk will be found using motion capture technology.  Future research could establish a benchmark in the development of ASD based on consistent differences in head movement, arm movement, or motion of other joints.  This research project will lay the foundation for such future work by beginning to fill the gap of knowledge on quantifiable differences in movement between individuals at high and low risk for ASD.

Literature Review

Autism Spectrum Disorders

Throughout the 1980s, ASD frequency was tabulated at five cases per 10,000 persons, and the conditions were considered a rare clinical occurrence rather than a significant public health problem (Newschaffer et al., 2007).  Current research estimates that one out of every 110 children fall within the autistic spectrum, and the condition is four times more likely to occur in boys than in girls (Autism and Developmental Disabilities Monitoring Network, 2009; Fombonne, 1999).

ASD are defined by qualitative impairments in communication and social interactions, as well as repetitive and stereotyped movements and behaviors (APA, 2000).  Individuals with ASD lack the necessary coordination to imitate specific actions, such as those not involving an object (Williams, Whiten, & Singh, 2004), or those that involve moving objects in relation to the body (e.g. transferring a ball from the right hand to the left; Meyer & Hobson, 2004). 

ASD are diagnosed through structured interviews and assessments based on DSM-IV criteria, and are typically diagnosed between three and six years of age (Wiggins, Baio, & Rice, 2006).  Once diagnosed, intensive behavioral treatment or managed medication is implemented to minimize negative behaviors and to develop typical social skills.  Research shows that a positive correlation exists between the age that treatment begins and the quality of life that ensues – a child that begins treatment earlier has a better chance of leading a life well assimilated into society (Willis, 2006).

Link Between Movement and ASD

Several studies support that atypical movements resulting from ASD, categorized as “associated symptoms,” are among the best indicators for ASD.  The motor deficits include, but are not limited to, lack of motor coordination, disturbances in reach-to-grasp movement, and impaired postural control (Ming, Brimacombe & Wagner, 2007; Minshew, Sung, Jones & Furman, 2004).  As these motor impairments are cause for infant referral to diagnostic experts, they will serve as the basis for the actions that infants will perform in this study.

Use of High-Risk Populations

Current research into early indicators of autism has shifted from retrospective to prospective studies, as the latter allows for collection of empirical data with less bias (Zwaigenbaum et al., 2006).  Prospective studies compare various developmental measures in high-risk and low-risk populations.  Individuals considered at high risk for autism include children with early signs of developmental delay, children with genetic anomalies, or individuals with siblings previously diagnosed with autism (Zwaigenbaum et al., 2006).  The latter represents the most clearly defined high-risk group, with sibling recurrence rates being reported as high as ten percent, approximately 20 times greater than the general population risk (Merin, Young, Ozonoff & Rogers, 2006).  Perhaps more importantly, 25 percent of high-risk infants have an even greater tendency for displaying milder social and behavioral impairments (Yirmiya et al., 2006).

Previous studies have used high-risk groups identified through sibling samples to successfully identify early signs of autism (Zwaigenbaum et al., 2006).  Notably, the Checklist for Autism in Toddlers screening algorithm was originally developed based on items that were atypical in four siblings later diagnosed with ASD (Baron-Cohen et al., 1992).  More recently, behavioral markers at twelve months predicted a later ASD diagnosis (Zwaigenbaum et al., 2005).  Additionally, a study of infant siblings at six months of age reported developmental trajectories that allowed researchers to identify children that would later be diagnosed with ASD (Landa & Garret-Mayer, 2006).

Use of Motion Capture Technology

Motion capture technology has been used in a number of studies to identify abnormalities and understand a wide variety of conditions.  The changes in the gait of patients with Parkinson’s disease who had undergone bilateral deep brain stimulation was studied using motion capture technology (Johnsen, Mogensen, Sunde & Østergaard, 2009).  The technology was used to identify whether a patient’s stride was symmetric by measuring the distance between heel position and the body’s center of mass. 

A different study used motion capture technology to study the effects of bilateral reaching tasks on affected arm motor control of stroke patients.  Using a three-dimensional optical motion capture system, the movement trajectories of the affected arm and trunk were collected by marking fourteen anatomical landmarks with infrared light emitting diodes.  The kinematics data derived from the motion capture system relating to the reach included maximal velocity, percentage of reach where maximal velocity occurs, movement time, and number of movement units (MU).  This study demonstrates the wide array of kinematics data that can be derived from motion capture data (Chang, Tung, Wu & Su, 2006).

Methodology

This project will consist of differential research of the movements of high- and low-risk infants between six and ten months of age.  Research will be conducted in a moderately to highly constrained laboratory, and the measurement procedure will be highly specific and rigorously followed (Graziano & Raulin, 2010).  After consulting previous research and discussing logistics with the Kennedy Krieger Institute, it is expected that a participant population of approximately 50 individuals, comprised of 25 high-risk participants and 25 low-risk participants, will be obtained (Yirmiya et al., 2006; R. Landa, personal communication, February 3, 2010).

Sample Population and Recruitment

The anticipated sample population will be obtained with help from the Kennedy Krieger Institute.  The Kennedy Krieger Institute offers developmental screenings where parents can bring their child to determine if she is developing typically.  The project will be discussed with parents of infants brought to the clinic.  If these parents consent to their infant being a part of the research study and they have another child who has been diagnosed with ASD, the infant will be placed in the high-risk group.  The low-risk population will be recruited through the Maryland Infant Studies Laboratory in College Park, MD. 

Data Collection

Data collection will occur in a laboratory setting at the Kennedy Krieger Institute.  This setting will be a safe environment and will include the motion capture system, provided by the University of Maryland Keck Computer Vision Lab, as well as other props, such as a rattle to induce reaching, that will be used in the testing.  The motion capture system will consist of an OptiTrack camera motion capture system, and a computer with the OptiTrack SDK to collect the data.  

Data will be collected over a one-year period at the Kennedy Krieger Institute, with a minimum of three team members present at each data-collection session.  During each half-hour session, study participants will perform two tasks – a pull-to-sit and a reaching task.  Each task will be performed three times (Fallang, Saugstad, & Hadders-Algra, 2000), and data will be collected by the motion capture system.  In the pull-to-sit task, a researcher will grasp the infant’s hands and pull the infant from a supine position to a sitting position.  The motion capture technology will measure degrees of head lag.  In the reaching task, a researcher will place the infant in a supine position and stimulate reaching by holding a small toy above the infant’s chest.  During this test, the OptiTrack system will measure the velocities of the hand, forearm, and upper arm, as well as leg posture, trunk posture, and total movement time (Fallang et al., 2000).     

After the infant performs the two set tasks, he will be allowed five minutes for free motion.  The purpose of the free motion is to capture data from movement of joints not included in the two tasks.  Analysis of this data will allow a more comprehensive characterization of differences in motion between the two groups.  During each trial, the infant will be placed in a supine position with access to a set of toys.   

Motion Capture Technology

The OptiTrack motion capture system is a camera system by NaturalPoint, consisting of six FLEX:V100R2 cameras and several 5/8 inch reflective markers placed at designated spots on the body.  These six cameras will be placed in a circular formation around the testing area, with the participant occupying the center position.  Each camera has interchangeable lenses and infrared light-emitting diode intensity control to capture up to 100 frames-per-second and take full grayscale video at a resolution of 640 x 480pixels.  With the correct camera configuration, the three dimensional location of the reflective markers can be resolved with millimeter accuracy.  Each camera emits infrared waves, and the system determines the amount of time it takes these waves to travel to the reflective markers and back to the cameras.  With several cameras in use, the system can triangulate the position of each individual marker to a fine degree of accuracy. 

ARENA, a full-body motion capture software manufactured by NaturalPoint, will collect and interpret the data from the camera system.  ARENA receives data via a USB cable from each of the six cameras and can export the data to a .BVH file, which is commonly used in character animation.  Advantages of the ARENA software include quick calibration of the camera and a clean format of data for analysis.  The minimum system requirements include Windows XP, DirectX 9, a Core i5 processor, one GB of RAM, and two USB 2.0 Hi-Speed ports (OptiTrack, 2010).
Research Design Limitations
Several shortcomings are recognized in this study’s research design.  The Kennedy Krieger Institute’s past recruiting efforts estimate that this study will achieve a sample of 50 participants.  Any amount less than this number of participants may not yield significant results.  Additionally, if the ratio of 25 high-risk to 25 low-risk participants is significantly disturbed, then statistical analysis could prove difficult as well.  

Another limitation is that because of time constraints, longitudinal follow-up of the participant samples will be impossible.  Therefore differences in movement cannot be linked to diagnosis for ASD, but only to risk for ASD.  These findings will still be significant, but could be bolstered by knowing the future diagnosis of each study participant.

Data Analysis
During the research sessions at the Kennedy Krieger Institute, the motion capture system will measure the acceleration of the participant’s joints during both controlled and free motion.  The former half of the data will be analyzed using standard statistical tests such as Welch’s t-test, while free motion will be analyzed using other algorithms.  Data will be analyzed in Matlab using a custom script, a Matlab program command that will execute a number of different algorithms in order to identify patterns in the motion of the two groups.  Matlab was chosen because it offers powerful computational tools specific to our data analysis.  Matlab’s exclusive use of vectors as data structures makes it suitable for the analysis of such multidimensional data as is given by the motion capture system.  Once the data has been analyzed by the Matlab script, the graphical patterns will be examined in order to establish whether or not the collection of data reveals a significant difference between the movements of the high-risk and low-risk groups.

For the first controlled motion, the pull-to-sit, degrees of head lag will be measured.  Using the position of the head relative to the axis of the trunk, degrees of head lag can be calculated with the optical motion capture system.  A Welch’s t-test for difference between the two means will prove or disprove the null hypothesis that any difference in degrees of head lag between the high- and low-risk groups is due to chance.  Using these data and analyses, it can be determined whether significant differences exist in head movement between the two infant groups.   

The second task, the reach, will be monitored using at least two markers, one on each hand.  From the movement of the hand, the number of MU will be determined.  Figure 1 (Appendix B) indicates the MUs of a reach.  The computer system will also measure the length of the first MU relative to the total movement time, maximal velocity during the reach, velocity of the hand at contact with the toy, and total movement time (Fallang et al., 2000).  Data will be interpreted by a T2-test for difference between the high- and low-risk groups, with the means of each of the previously listed measures as the dependent variables.

Several algorithms will be used for the processing and consequent analysis of the free motion data, including principal component analysis (PCA), factor analysis, independent component analysis, and an L1 optimization algorithm developed by graduate student Yi Li and Dr. Yiannis Aloimonos at the University of Maryland, College Park.  

PCA, factor analysis, and independent component analysis are all algorithms that fall into the category of machine learning, a generalized procedure for generating a function that maps data to a target value, in this case the group of high- or low-risk infants.  In the training, or learning, phase, a subset of the data, called the training set, is used.  This training set of fifteen infants from each group tunes the parameters of an adaptive model, which is the algorithm that will change through the different methods used.  Given the data and the target value that it is associated with, the algorithm used generates a function that accurately maps all of the data in the training set to the correct target value (Bishop, 2006).

A second subset of the data, independent from the training set, is called the test set and will be used to test the function for its accuracy in generalizing the data to the correct target value (Bishop, 2006).  The ten participants from each group used in this segment of the machine learning process are part of the validation set.

As was described previously, there are many methods for the computer to form a function based on the training data set.  A Matlab script will be written to make use of these algorithms.  The script will use the data from the training set of fifteen individuals from each group, generate a distinct function for each algorithm, and then test accuracy of each of these functions with the validation set.  The method that generates a function with the highest accuracy for mapping the validation set to the correct target value, or places the most validation participants in the correct group based on movement, will be tested further.  An example of Dr. Aloimonos’s (2009) use of PCA can be found in Appendix A.

The L1 optimization algorithm is a method of finding fundamental elements of a person’s movement. This method can be used to compare these fundamental movements from different people and perhaps establish a single parameter that varies between their movements. We can use this algorithm to investigate whether or not high-risk infants have a characteristic style of movement based on this parameter that is different from low-risk infants.

Statistical Significance
In analyzing any data, it is important to determine whether or not the results are statistically significant.  However, the data resulting from the analysis is in the form of acceleration over time, and there is no basic statistical test to analyze this type of two-dimensional data.  As such, converting the data into sets of one-dimensional variables is necessary.  In consulting with Dr. Aloimonos (personal communication, November 20, 2009), it was decided that one possible way to test the data is to break it into individual motions for each joint.  The endpoints of each motion will be the points where either the velocity function or the acceleration function change sign (positive to negative or vice versa).  Using this method, two-dimensional data (such as acceleration vs. time) will be converted into a series of one-dimensional values (such as mean acceleration), which will be the number of individual motions for each joint and the mean acceleration during each motion.  In order to determine whether this data is statistically significant, a series of analysis of covariance tests for each joint can be used, using the action performed as the independent variable, the grouping as the covariant, and first the number of motions and then the average acceleration of the motions as the dependent variable.

Conclusion
With a modern understanding of ASD, diagnostic rates have increased steadily.  ASD is characterized by impairments in socialization, communication, and behavior.  These inhibitors lead to a lower quality of life for those suffering with ASD.  Early diagnosis and treatment can counteract these negative effects, leading to increased social functioning.    

An effective technique used to identify ASD is motor impairment.  Indicators include lack of motor coordination, disturbances in reach-to-grasp movement, and impaired postural control.  However, little research has been done to quantitatively characterize impairment in these motions.  The proposed research seeks to fill this gap by using motion capture technology to quantify movement of high- and low-risk infants as they complete specific tasks, which are based on motor differences indicated by the literature.  

Specifically, study participants will perform a pull-to-sit task, a reaching task, and five minutes of free play.  During each session, the OptiTrack motion capture system and ARENA software will capture data on velocities of the head, arms, trunk and legs of the infants.  PCA, other algorithms, and statistical tests will be used to elicit differences in movement between the two groups.  It is predicted that infants at high-risk for ASD will display significantly different motions than infants identified as low-risk for ASD.  Such a finding would lay the foundation for future research to characterize the motion of infants at high risk for ASD.

Appendix A: Principal Component Analysis of Parkinsonian Motion
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Figure 1 is a chart from the study comparing the movement of those with Parkinson’s disease to those without.  The pair of principal components which illustrated the best distinction was the first principal component (PCA-1), and the second principal component (PCA-2).  Each different color-shape combination represents a different participant.  The filled squares represent participants without Parkinson’s, and the triangles represent participants with Parkinson’s.  The two unfilled squares represent validation controls, or participants without Parkinson's not originally used to train the algorithm.  Each shape marks the mean of the data for that participant.  The line displayed is the trend line that clearly separates the two data sets, suggesting that Parkinsonian movement and typical movement are fundamentally different (Aloimonos, 2009).

Appendix B: Movement Units Shown on a Velocity-Time Graph
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Figure 2 – Arrows indicate the seven different peak velocities, which are the division between movement units.

Appendix C: Timeline
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Appendix D: Budget

1. Data collection and analysis

a. Poser program- $420

i. Poser 8 is a motion capture analysis tool used to model .BVH data files.  We will use the program to graphically recreate the data collected using the OptiTrack System.

ii. $140 each

iii. 3 copies

b. MatLab program- $570

i. MatLab is a computer program used to analyze mathematical data.  We will use this program to analyze the collected data.

ii. $95 each

iii. 6 copies

2. Compensation- $400

a. In order to attract participants for our study and to provide compensation for their transportation and time, we will be providing each of our participants with a $10 compensation voucher.

b. Estimating 50 participants with one visit each

c. Estimated compensation is $10/visit
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