Using Lego Robots to Estimate Cognitive Ability in Children who have Severe Disabilities

Albert M. Cook1, Kim Adams1,2, Norma Harbottle1, Cheryl Harbottle1

1 Faculty of Rehabilitation Medicine, University of Alberta, 
2Glenrose Rehabilitation Hospital, Edmonton, Alberta, Canada

Abstract 

Children with severe disabilities can control a Lego robot to perform un-structured play tasks.  Success with the robot could be a proxy measure for children who have cognitive abilities but cannot demonstrate them in standard testing.  Project results are presented and their utility as a proxy measure is explored.
Using Lego Robots to Estimate Cognitive Ability in Children who have Severe Disabilities

Albert M. Cook1, Kim Adams1,2, Norma Harbottle1, Cheryl Harbottle1
1 Faculty of Rehabilitation Medicine, University of Alberta, 
2Glenrose Rehabilitation Hospital, Edmonton, Alberta, Canada

Background

Typically developing children learn cognitive, social, motor, and linguistic skills through manipulation of objects, often in a play context.  Children who are unable to independently manipulate objects due to physical disabilities often cannot engage in play activities like their able-bodied peers, and as a result, the quality of their play may be compromised. Research has shown that robots can provide an opportunity for children to choose how to interact with their environment, to exert some control over the activity, and to manipulate three-dimensional objects.  Previous work with infants having a mental age of 8 months or more, demonstrated that they use robots as tools (A. M. Cook, 1990).  Subsequent work with children 6 to 14 years old in a structured play task indicated they can use robots in a play activity with an adult (Albert M.  Cook et al., 2005; A. M. Cook et al., 2000).  In present studies we have found that children with severe disabilities are capable of controlling the robot to perform many less structured play tasks.  
Demonstrated success with the robot play tasks could be a proxy measure for children who have cognitive abilities but are unable to demonstrate them in standard testing.  Use of the robot can also help to track changes in cognitive development by the child, and may contribute to improvements.  A set of cognitive skills (causality, coordination of multiple variables, reflectivity, binary logic, and spatial relations) required for robot use by typically developing children was outlined by Forman (Forman, 1986).  This set provides a guide for comparison of performance by children with disabilities performing robot play tasks.  
Goal of Current Research
This study investigated the provision of a means for unstructured, spontaneous play for children with disabilities (i.e., the child controls a robot in two or three dimensions to accomplish play tasks).  The use of robotic play as a means of assessing the level of their cognitive skills was explored. 

Methods

Ten children ages 4 to 10 participated in the study. Their disabilities were primarily cerebral palsy and related motor conditions. A Lego Invention
 “roverbot” vehicle was used.  The progression of cognitive skill that was presumed for use of the robot is shown in Table 1.  
After the familiarization period, functional play tasks were introduced which involved manipulation with a purpose using the roverbot (e.g., bringing a favorite toy closer to the participant).  Play objects which were important to the participant were implemented into the robot play session.  Some participants reached a further stage of symbolic play, in which discovery and pretense were demonstrated.
Children's physical function was measured with the Gross Motor Function Measure (GMFM-66) (Russell et al., 2002).  Children's language abilities were assessed using the Peabody Picture Vocabulary Test (PPVT)(Dunn & Dunn, 1997).  Some children were difficult to test with the PPVT.  It is difficult to know if it was due to lack of ability on the child's part or on lack of ability on our part to adapt the test appropriately to meet each child's needs.  If the child was testable on the PPVT, then their cognitive abilities will be assessed using the Leiter-R (Roid & Miller, 1997).  A questionnaire on behavioral, social and language areas of performance was used in a structured interview with teachers and teacher assistants at the end of the study.
Table 1.  Robot–Related Skills 
	
	Skill 
	Definition for robot use
	Age Considerations
	Lego Robot Example

	1
	Causality
	Understanding the relationship between a switch and a resulting effect  
	<3 yrs: "empty” switch used repeatedly


	Use switch to drive robot, knocking over blocks, drawing circles on paper 

	2
	Spatial concepts-one dimension
	Judgment of distance 
	Piagetian Pre-operational (2  to 7 years)
	Moving and stopping at a desired point in one dimension

	3
	 Binary Logic
	Two opposite effects such as on and not on 
	<4 yrs:  difficulty

5-6 yrs: understand2
	Two switches with opposite effects in terms of robot action, i.e. turning robot right/left

	4
	Spatial concepts- multiple dimension
	Judgment of distance in multiple dimensions, movement in more than one dimension
	Piagetian Pre-operational (2  to 7 years)
	Moving roverbot to a specific location

	5
	Symbolic Play
	Make believe with real, miniature or imaginary props(Musselwhite, 1986)
	Piagetian Pre-operational (2  to 7 years)
	Interactive play initiated by subject, i.e. tea party, exchanging toys.  

	6
	Negation
	An action can be negated by its opposite
	5 yrs: "what does this switch do"2
	Difference between latch versus release to stop

	7
	Spatial concepts-multiple dimensions


	Movement in more than one dimension to meet a functional geometric goal 
	Piagetian Formal Operations (age 11-12 through adult)
	Drawing geometric shapes on paper using the roverbot 

	8
	Problem solving
	Generation of multiple possible solutions 
	Piagetian Formal Operations (age 11-12 through adult)
	Ability to change strategy

	9
	Systematic problem solving
	Problem solving with a plan - not trial and error
	Piagetian Formal Operations (age 11-12 through adult)
	Placing objects in a particular order 

	10
	Formulation of hypotheses
	Developing independent approach to solve a problem 
	Piagetian Formal Operations (age 11-12 through adult)
	Changing task to meet the child’s goal, i.e. pick up tree prop to decorate it 

	11
	 Solving multiple aspects of a problem simultaneously 
	Combination of 8-10 above
	Piagetian Formal Operations (age 11-12 through adult)
	Serving sushi while also controlling arm, taking orders, deciding who gets what


Results
Refer to Table 2 for a summary of participant's demographic information and scores on the standard language (PPVT) and physical function (GMFM) tests.  If we were unable to test the child using the PPVT, "Not testable" is entered in the chart.  The Level (age) of Robot Skill indicates how many levels they were able to demonstrate using the robot and the approximate age we expect that skill to be demonstrated (see Table 1 Robot–related skills).  
Table 2: Summary of Results.

	Participant
	Chronological Age 
	PPVT*
	GMFM
	Level (age) Robot Skill

	L05
	4 yrs 9 mo.
	Not Testable
	Not Tested Yet
	0

	L02
	7 yrs 1 mo.
	Not Testable
	19
	1 (< 3 yrs)

	L08
	9 yrs 8 mo.
	Not Testable
	Not Tested Yet
	1 (< 3 yrs)

	L11
	9 yrs 7 mo.
	Not Testable
	23
	1 (< 3 yrs)

	L09
	9 yrs 10 mo.
	Not Testable
	Not Tested Yet
	0 

	L12
	10 yrs 0 mo.
	Not Testable
	88
	5 (2 to 7 yrs)

	L04
	4 yrs 4 mo.
	Not Tested Yet
	Not Tested Yet
	7 (> 5 yrs)

	L10
	10 yrs 5 mo.
	63/49/1/-/-
	42
	9 (11 to 12 yrs)

	L06
	7 yrs 5 mo.
	59/60/2/6/1
	87
	7 (> 5 yrs)

	L01
	9 yrs 5 mo.
	94/79/8/-/-
	21


	11 (11 to 12 yrs)


*Raw Score /Standard Score/Percentile rank/Normal Curve Equivalent

Refer to Table 3 for a brief summary of the teachers and teacher assistants comments at the exit interview.  The questions summarized here were regarding how the child reacted to the robot arm, and whether the teacher/assistant noticed any changes in the child's behavior (social skills, language skills) during the course of the project?  The table shows if the effect was positive or negative.

Table 3: Summary of Exit Interview Questionnaire.

	Prtcpt.


	How react to robot?
	Any change in behavior?
	Any change in social skills?
	Any change in language skills?

	L05
	~ not engaged
	- mean
	~ no
	~ no

	L08
	o 
	o
	o
	~ no

	L011
	+ aware
	+ attention
	+ responds to RAs
	~ no

	L09
	o seemed to get it
	o
	o
	~ no

	L012
	+ enjoyed
	+ attention
	+ responds to RAs
	+ talked during

	L010
	+ excited
	+ attention
	+ other kids asked questions
	+ talked about it before, during and after

	L01
	+ enjoyed
	+ enjoyed
	+ verbalizes with other kids
	+ verbalizes with other kids

	L06
	+ loved
	+ excited
	+ mom reports more interaction
	+ talked about it before, now says 3 word sentences


 + positive effect, o hard to tell, ~ no effect, - negative effect

Discussion
Some children who were not testable on the standard language test were able to demonstrate some competence on robot skills.  For example, L02, L08, and L11 demonstrated understanding of cause and effect.  L12 demonstrated skills up to and including symbolic play.   L10, L06, and L01 were all able to use the robot for symbolic play and higher levels.  Although we see a trend, our measure of robot-related skill is very course.  There is little literature on robot-related skills and our next steps will be to test larger groups of disabled and non-disabled children using the robot for tasks which reveal specific cognitive skills.  The teachers/assistants reported that most children enjoyed using the robots, had increased attention to task, and increased verbalization with other children.  Although we see the children for only four weeks these trends may be indicative of encouraging social and language skill.  All sessions were video taped and data analysis is underway to identify specific data to support whether the children have attained the robot-related skills (see Table 4).    
Table 4.  Data used to support decision if skill was achieved 
	Skill Category
	Data used to support decision

	Causality

	Hits switch then looks at robot, expecting a movement
Number of verbal prompts decreases

	Binary (Addition of second switch)
	Number of errors in switch activation decreases

	Spatial concepts - multiple dimensions (Level 4)
	Able to follow steps using two or more switches to attain a target
Diminishing errors 

	Spatial concepts - multiple dimensions (Level 7)
	Able to follow a pattern using two or more switches
Diminishing errors 

	Generalization to symbolic play
	Percentage of time robot used for own agenda.


We have found that children with severe disabilities can control a Lego robot to perform unstructured play tasks.  Using the robot, the children have been able to demonstrate that they possess skills, skills which may be difficult for them to demonstrate on standardized tests.  Further development of our robot-related skill table is needed, but it appears to be a useful direction to pursue.
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