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SECTION 1: DESCRIBE YOUR WORK

In our grant application to the France-Berkeley Fund, we proposed to analyze the relation between vision and locomotion at a very precocious age. Specifically, we planed to study the coupling between moving visual scenes (i.e., sensitivity to optic flow) and stepping behavior in 3 day-old infants. By observing how newborns modify their stepping frequency relative to the direction and the velocity of different optic flows, we sought to answer 3 principal questions: (1) if optic flow alone can elicit stepping, (2) if newborn stepping is programmed to respond to specific types of optic flow, and (3) if the velocity of stepping is scaled to the velocity of optic flow.

The Specific Objectives and Timetable of the collaboration were:

1.
Programming of optic flow patterns (2 months)
2.
Pilot experiment on 24 babies (3 months)

3.
Adaptation of stepping to different optic flow directions (6 months)

4.
Adaptation of stepping to different optic flow velocities (6 months)

Results:

1) Different patterns and velocities of optic flow were successfully programmed using the Pascal language software.
2) Pilot experiment on 24 newborns:
In a preliminary experiment, we attempted to determine if the presentation of terrestrial optic flow onto a surface above which the infant was suspended could elicit air stepping (i.e., stepping in which the foot does not contact the surface of support) in 3 day-old newborns. The terrestrial linear optic flow condition (a black and white checkerboard pattern that moved at 23 deg of visual angle/sec) was compared to two other conditions, one in which a rotating pattern of optic flow (6 large black and white triangles arranged in a pinwheel that rotated at 38 deg/sec) was presented to the infant and one in which the optical pattern was static. Finally, a control condition was used where natural stepping was observed when the infant’s feet contacted the surface of support. Our hypothesis was that if vision and locomotion are coupled at birth then the newborns should interpret the linear optic flow as an indication that they are moving forward and start stepping as a result. In contrast, both the static texture and the rotating optic flow do not specify forward locomotion and should not induce stepping. However, the rotating condition controls for the possibility that any type of large field optical motion might induce movement in the infant.

Participants were twenty four 3 day-old full term infants (12 males and 12 females), recruited from a maternity hospital in Paris, who were tested in a large, dimly lit room in the maternity ward shortly after they had been fed and were alert. All infants were held by one experimenter and monitored for their alertness and their direction of gaze by a second experimenter who was positioned in front of the baby. The experimenter who held the baby was positioned on the left side of the table, slightly behind and to the left side of the baby. We found that the babies could be supported comfortably and safely if the experimenter placed her right hand on the baby’s bottom (with the fingers between the legs) and the left hand on the baby’s chest so that the experimenter’s fingers could support the chin and head. The baby was able to move his or her legs freely in this position. 

Each infant was tested in four conditions: 1) air stepping in response to the linear optic flow that was projected toward the infant (Linear), 2) air stepping in response to the rotating pattern of optic flow (Rotating), 3) air stepping in response to the static checkerboard pattern (Static), and 4) stepping on the table (Natural). In the latter condition, the initiation of stepping was facilitated by initially stimulating the “placing” response (i.e., the dorsal surface of the infant’s foot was dragged across the edge of the table), however, the infant was not permitted to move forward when stepping commenced to prevent exposure to the optic flow that would be associated with forward translation. The order of conditions was counterbalanced across infants and each condition lasted for one minute, with a one-minute break between conditions. The infant's behavior was recorded with two video cameras, one to the right side of the infant and one directly in front of the infant. Two independent experimenters coded the number of steps taken in each condition.
The results were quite clear in showing that the visual manipulation influenced the babies’ stepping behavior. A repeated measures ANOVA revealed significant differences in the average number of steps taken per condition, F (3, 69) = 3.5, p < .05. Follow up simple main effects tests showed that significantly more steps were taken in the air stepping Linear condition than the air stepping Static condition (p < .05), more steps were taken in the Natural condition than the air stepping Rotating condition (p < .05), and more steps were taken in the Natural condition than the air stepping Static condition. More steps were taken in the Linear condition than in the Rotating condition, however, the difference was not significant. A separate ANOVA on the latency to start stepping revealed no significant differences between conditions, p = .077, even though the latency appeared shorter in the Natural stepping condition. A final ANOVA on the duration of crying was marginally significant, p = .053. There was a tendency for less crying in the air stepping Rotating flow condition.

2b) Kinematic analysis:
In order to have greater precision in the quantification of the stepping pattern and to confirm the pilot data on a larger sample of infants, we tested another 24 newborns in the same paradigm as the pilot study. As the results were identical, we pooled the 48 babies together and performed a 2D kinematic analysis on the motion of the left leg to objectively measure the numbers of steps per condition. With this analysis, we found a significant difference between air stepping in response to an approaching terrestrial optic flow and air stepping in response to both the static pattern and the rotating optic flow.

3) Eliciting stepping with different directions of optic flow
Following the positive results in the pilot experiments, another experiment was initiated that provided a better control for the linear optic flow condition and permitted 3D kinematic analysis of the motions of both legs. The air stepping behavior of 24 babies was tested with a pattern of black dots on a white surface that were presented in 4 conditions that were randomized across babies: 1) static, 2) approaching at 23 deg visual angle/sec, 3) receding at the same velocity or, 4) oscillating randomly at the same velocity. The hypothesis tested in this study is that newborns should step significantly more in response to terrestrial optic flow (in both directions) than in the static and oscillating conditions, which should not differ from each other. The data are currently being analyzed.
Summary

Our preliminary findings support the hypothesis that vision and locomotion are coupled at birth, similar to the way in which vision and posture appear to be coupled at birth. This finding has opened up an exciting new avenue into the study of the origins of perception-action coupling and the development of such coupling over the first year of life. However, several questions need to be addressed about the nature of the early coupling between vision and locomotion before it will be possible to embark on a fruitful study of its ontogeny. One of these questions concerns the specificity of the coupling between locomotion and vision with respect to the velocity of optic flow presentation. This question is the next that we will address with the help of the France Berkeley Fund.
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SECTION 4:

The project is a truly collaborative venture that has been mutually beneficial for all concerned. This research would not have been possible to conduct at either of the sites independently as the researchers at Berkeley do not have access to 3-day-old infants, given the short duration of hospital stays for mothers who give birth in the US, and the researchers in Paris do not have access to the customized kinematic analysis software that permits precise quantification of the newborns’ stepping behavior. The collaboration also provides the opportunity to study the development of the coupling between vision and locomotion, an aspect of the project that is crucial to understanding the functional significance of precocious locomotion to more mature forms of locomotion. The collaboration facilitates such study because older infants are readily accessible for testing at Berkeley, whereas they are very difficult to test in Paris. Thus, each testing site is able to compensate for the shortcomings of the other site. In addition, sharing of the rich traditions of research in perception-action coupling in France and in the US has led to a much more integrated and thorough understanding of the phenomenon under investigation.    

SECTION 5: 
The funds were spent on supplies and travel. The supplies included a laptop computer and video projector that were used to control and present the patterns of optic flow to the babies. In addition, Marianne Barbu-Roth traveled to Berkeley so that the research team could prepare a collaborative RO3 grant to NICHD (we are happy to report that the grant received a priority score of 125 and a percentile rank of 1.1 and will be funded). Adeline Desprès traveled to Berkeley to assist in the kinematic analyses of the newborns’ stepping responses and Marianne Barbu-Roth traveled to the Society for Research in Child Development (SRCD) meeting in Atlanta to present the preliminary findings in the context of a symposium on the development of visual proprioception that was organized by David Anderson and Joseph Campos. The SRCD meeting also provided the opportunity for Drs. Barbu-Roth, Anderson, and Campos to review the preliminary findings and plan future experiments. Following the success of the RO3 grant, the longer range plan is to submit a collaborative RO1 grant to NICHD within the next two years. Our collaboration is alive and flourishing thanks to the France-Berkeley fund!
We have appreciated the funding provided to us by the France-Berkeley fund and the prompt and courteous replies that we have had to our questions.

