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Abstract

This study is Phase II of an ongoing investigation of elementary school children and sleep.  Phase I research of this study indicates children with ADHD exhibit symptoms of Dyssomnia (difficulty initiating and maintaining sleep) at a significantly higher level than other children (Jewkes, 1999).  Parents reported that 62.16% of ADHD children exhibited dyssomnia symptoms at a problematic level.  Also, of particular interest in the Phase I study were the results from the students in the “index positive” group.  These students were those who exhibited behavioral symptoms of sleep disorders/ADHD but had no ADHD diagnosis.  Parents report that 57.14% of these children display dyssomnia symptoms at a problematic level.  This group also had the highest percentage of children exhibiting symptoms of daytime sleepiness.  Learning difficulties were reported in 64.3% of these students.  Since these children may be getting less sleep than other children, the question of the impact of restricted sleep on their cognitive performance in school must be considered.  Behavioral problems including irritability, crankiness, low frustration tolerance, and short attention span are demonstrated by toddlers and school age children with short term sleep loss (Dahl, 1996).  However, few studies have been conducted which measure the impact that sleep loss might have on the learning process in young children.  The present study examines the effect of restricted sleep on the cognitive function of elementary school children.


Research by Ishihara (1999) indicates that children with sleep restricted by two hours experience increased daytime sleepiness.  Sleep latency tests conducted five times daily showed increased daytime sleepiness, particularly in the morning.  This study suggests that the severity of morning sleepiness may be an effective measure that reflects sleep loss.  Carskadon (1981) also noted marked reduction in sleep latency in children after a night of restricted sleep.  Time-of-day analysis revealed sleep latencies significantly below baseline in the morning (9:30 a.m.).  This study also suggests children are more severely affected by sleep loss than adults.  


Daytime sleepiness is well-documented in children experiencing restricted sleep, but studies on the effect of reduced sleep on performance usually focus on adults or young adults.  Dahl (1996) notes that adults demonstrate cognitive performance deficits following sleep deprivation.  However, their performance can be influenced by length of test, knowledge of results, pacing, complexity, proficiency, and performing the task.  Pilcher and Huffcutt (1995) in a meta-analytic review indicate that adults’ cognitive performance was more affected by sleep deprivation than motor performance.  They also note that partial sleep deprivation diminishes performance.  Adults experiencing sleep deprivation were examined using task vigilance, choice reaction time, simple reaction time, short-term memory and a motor task test (Glenville 1978).  Short-term memory test showed no adverse effects from sleep loss.  Conflicting data was collected by the Network for Research on Sleep, Sleepiness, and Cognitive Function (1999).  This study notes that human studies at McGill show that delaying sleep onset by four hours in young adults resulted in 20-25% memory deficit for cognitive procedural tasks.  


Most sleep loss research focusing on psychological performance measures convergent thinking skills.  The effect of restricted sleep on divergent thinking has been given little attention.  Dahl (1996) emphasizes the prefrontal cortex (PFC) is especially sensitive to the effects of sleep deprivation in adults.  Assessments by Horne (1985, 1988) demonstrate that prefrontal functions including complex, divergent, and creative thinking show the most significant deficits from sleep deprivation.  The 1988 study assesses the creative thinking of college students deprived of sleep for 32 hours using the Torrence Test of Creative thinking.  The study found impaired performance on all test scales including flexibility (the ability to produce a variety of kinds of ideas or strategies), originality (ability to produce ideas other than the ordinary), elaboration (ability to add detail to ideas), and fluency (the number of ideas generated).      

 
Although the subject of sleep loss and performance in adults has been widely researched, little empirical data has been collected to measure the effect of sleep loss on cognitive function in children.  Kemp (1998) notes that cognitive learning styles of children influence how they obtain and process information.  His work indicates that most children best perceive information visually or auditorilly.  Mather (1990) identifies eight factors of cognitive abilities in children which are derived from a data base foundation for psychoeducational diagnosis.


[image: image1.wmf]WJ-R Factors 

Description

Short-term memory

Ability to apprehend information and repeat it in a short period of time. 

Long-term retrieval

Effectiveness in storing and fluently retrieving information over extended 

time periods.

Processing speed

Ability to perform relatively trivial tasks quickly.

Auditory Processing

Ability to analyze and synthesize auditory patterns.

Visual Processing 

Capability in perceiving and thinking in visual patterns. 

Comprehension 

Knowledge

Depth and breadth of knowledge and its application.

Fluid Reasoning

Capacity for abstraction or ability to reason in novel situations.

Quantitative Ability 

Comprehension of quantitative concepts and skill in using numerical 

symbols.

   

Table I from An Instructional Guide to the Woodcock-Johnson Psychoeducational Battery, Revised 


This study will investigate the effect of sleep restriction on five of these cognitive factors.  Since decreased levels of cognitive function could have a serious impact on a child’s school performance, research into this matter is clearly warranted.  How does restriction of sleep affect children’s cognitive function, their ability to think divergently and convergently?  


Hypothesis:  Elementary students restricted from their normal sleep schedule by two hours will demonstrate a significant decrease in their cognitive functions of convergent and divergent thinking when compared to students maintaining a regular sleep schedule.

METHODS

Subjects

Consent Forms were sent to all fourth grades students at a local elementary school.  Forty-two students (23 boys and 19 girls) volunteered to participate in this study.  All children were nine or ten years of age.  Students were randomly assigned to two groups, control (regular sleep patterns) and experimental (two hour sleep reduction).  Four students were eliminated from the study: two subjects were absent on day of post-testing, one student’s sleep log indicated she had not met sleep requirements of the study, one student received medication on post-test night.  At the conclusion of this study sixteen students (9 boys and 7 girls) remained in the control group, with twenty-two students (12 boys and 10 girls) in the experimental group.

Procedure
Sleep logs were given to parents of subjects the three days prior to experimentation.  Parents were asked to record wake-time and sleep-time to establish subjects’ regular sleep patterns.  Logs were maintained throughout the experiment.  Unusual events were also recorded each night (medication, illness, waking up, etc.).


         Pre-tests and post-tests were administered at a two day interval.  All tests were administered at approximately 9:00 a.m. based on Ishihara’s (1999) study which indicates that daytime sleepiness is most pronounced in children during the morning hours after experiencing a delayed bedtime.  The control group was given tests while maintaining a regular sleep schedule.  The experimental group was administered the pre-test while maintaining a regular sleep schedule.  Post-testing was given to experimental subjects after having a two-hour sleep reduction from their normal sleep schedule (Ishihara, Mindell 1999).  All students in the experimental group attended an activity night at the school until approximately 11:45 p.m. to ensure compliance with the restricted sleep schedule.  The students returned to the school at 7:15 a.m. for breakfast and post-testing.  All students reported having breakfast on all testing days.

Convergent Thinking Assessments


Tests were created or adapted to measure five of the eight cognitive abilities outlined in the Woodcock-Johnson table cited above.

· Short-term memory

· Auditory Processing

· Visual Processing 

· Quantitative Ability 

· Processing speed


Auditory Sequential Memory test.  This test was designed by the psychology department of Carbon County School District.  The original test was designed for eight-year-old students, so it was adapted by this researcher with their help to facilitate for older children.  The test consists of eighteen number groups, starting with two numbers and progressing to a series of nine numbers.  The number groups were given a sign, such as circle, square, heart, smile face, etc.  Series were read orally to the subjects.  Subjects are expected to record sequence in order.
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Visual Memory Test.  Woodcock-Johnson visual processing tests are composed of combinations of basic shapes.  This researcher created designs using basic shapes to assess visual processing and memory.  Each test (A and B) consists of ten pictures made up of circles, rectangles, triangles, and lines.  Pictures one and two are made up of two shapes.  The test increases in difficulty until pictures nine and ten contain six shapes.  Pictures are shown on a television screen that is linked to a computer.  Eight seconds is given to view each picture and as much time to draw the picture as needed.  Students are expected to draw the design remembering both shape and placement.


Math (Quantitative) Processing Speed/Accuracy test.  This tests consists of twenty-five addition and subtraction problems of increasing difficulty.        
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Divergent Thinking Assessment

Divergent thinking assessments measure cognitive processes such as creativity, originality, adaptation, and fluency.  Torrance (1966) notes that one of the purposes in using creativity tests is to promote understanding of the human mind, functioning and development.  They can also be used to assess the effects of educational methods, procedures, etc.  



Fun With Dots creativity test.  The Fun With Dots is a non-verbal instrument designed to assess the creativity of elementary school children.  Permission for use was granted by the Institute for Behavioral Research in Creativity, Salt Lake City (1999).  This test was selected because scoring of this test is objective, unlike many creativity tests which are subjective.  



Convergent tests were reviewed by school psychologist, Dr. Tom Roush.  All tests were reviewed by clinical psychologist and pediatric sleep specialist, Dr. Jodi Mindell of St. Joseph’s University, in conjunction with a neuropsychologist from her department.  A pilot study was conducted and tests were revised based upon the professionals’ recommendations and pilot results.  Assessments require approximately 40 minutes to complete.
RESULTS

Auditory Memory Results

         Experimental Group

                          Control Group
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Each correct series recorded was given one point.  Sixteen points were possible on this assessment.

Visual Memory Results



Experimental Group



Control Group
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Eighty points are possible on the Visual Memory assessment.  One point was given for correct position in pattern, one point for correct shape.

Math Accuracy


Experimental Group



Control Group
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Math Time in Minutes

(Difference in seconds)
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The Math Processing Speed/Accuracy test was scored in two areas.  Twenty-five points were possible for accuracy (number of correct responses).  Individual times were recorded as students finished tests.  

Creativity Test Categories



Fluency

      Originality

             Adaptation
           Exp.
          Control                 Exp.                Control                Exp.
      Control


[image: image8.wmf]F Pre

F Post

F Pre

F Post

O Pre

O Post

O Pre

O Post

A Pre

A Post

A Pre

A Post

A Post

6 

8 

4 

8 

3 

4 

2 

6 

2 

3 

1 

1 

9 

9 

8 

9 

4 

6 

6 

5 

1 

1 

1 

4 

9 

8 

8 

8 

6 

6 

7 

7 

0 

3 

5 

2 

9 

9 

9 

9 

6 

4 

4 

4 

1 

2 

0 

2 

9 

9 

8 

9 

6 

4 

4 

8 

2 

3 

1 

2 

9 

9 

9 

9 

8 

5 

5 

5 

7 

5 

2 

2 

8 

8 

7 

6 

7 

6 

3 

5 

1 

1 

1 

2 

7 

9 

7 

9 

7 

5 

2 

6 

2 

4 

1 

2 

9 

9 

9 

9 

6 

6 

8 

4 

2 

1 

1 

3 

9 

8 

9 

9 

4 

3 

8 

5 

1 

2 

4 

3 

5 

9 

6 

7 

3 

4 

4 

6 

2 

2 

1 

2 

9 

9 

9 

9 

8 

4 

7 

6 

4 

2 

3 

5 

8 

9 

9 

9 

3 

4 

7 

8 

1 

2 

0 

2 

9 

9 

9 

9 

8 

6 

6 

5 

3 

8 

3 

4 

9 

9 

9 

9 

4 

1 

4 

5 

0 

0 

0 

1 

9 

9 

8 

9 

7 

5 

4 

7 

6 

5 

0 

3 

9 

9 

8.00 

8.56 

7 

7 

5.06 

5.75 

2 

2 

1.50 

2.50 

9 

9 

5 

6 

0 

2 

8 

6 

6 

5 

0 

4 

9 

9 

6 

4 

3 

2 

7 

6 

4 

4 

1 

3 

8 

8 

3 

0 

0 

1 

8.43 

8.52 

5.62 

4.52 

1.86 

2.62 


Creativity Total


    Experimental Group


           Control Group

[image: image9.wmf]Name

Pre-test

Post-test

Difference

Name

Pre-test

Post-test

Difference

Difference

1 

11 

15 

4 

23 

7 

15 

8 

2 

14 

16 

2 

24 

15 

18 

3 

3 

15 

17 

2 

25 

20 

17 

-3 

4 

16 

15 

-1 

26 

13 

15 

2 

5 

17 

16 

-1 

27 

13 

19 

6 

6 

24 

19 

-5 

28 

16 

16 

0 

7 

16 

15 

-1 

29 

11 

13 

2 

8 

16 

18 

2 

30 

10 

17 

7 

9 

17 

16 

-1 

31 

18 

16 

-2 

10 

15 

13 

-2 

32 

21 

17 

-4 

11 

10 

15 

5 

33 

11 

15 

4 

12 

21 

15 

-6 

34 

19 

20 

1 

13 

12 

15 

3 

35 

16 

19 

3 

14 

20 

22 

2 

36 

18 

18 

0 

15 

13 

10 

-3 

37 

13 

15 

2 

16 

22 

19 

-3 

38 

12 

19 

7 

17 

18 

18 

0 

Total

14.56 

16.81 

2.25 

18 

14 

17 

3 

19 

14 

15 

1 

20 

18 

15 

-3 

21 

12 

13 

1 

22 

11 

9 

-2 

Total

15.95 

15.62 

-0.33 



Responses were graded according to objective scoring directions in the Fun With Dots manual.  Scores were verified by Patricia Frandsen, M.Ed. (1999).  Student responses were analyzed in three areas: fluency, originality, and adaptation.  Fluency score represents the total number of responses to the perceptual items which meet minimal standards (designs and scribbles are not accepted). One point was given for each box that met these criteria.  The originality score was obtained by drawing an original response.  An original response was defined at those responses to any given stimulus that occurred in less then 10% of the responses.  Each original response was given one point.  Adaptation was scored on the student’s ability to interpret and adapt the picture by:

-Drawing an object which had been rotated;

-Drawing an object which extended beyond the dots; and/or

-Including stimulus lines in more than one object.
Three points were possible for adaptation, one point given for each factor listed above.
Analysis of Covariance (ANCOVA)


In order to determine the significance of any findings, an analysis of covariance was conducted.  Initial random sorting of the subjects resulted in some variability in pre-test scores.  ANCOVA was used to remove the extraneous variability of pre-existing individual differences.  It also adjusts the post-test means to compensate for the fact that the groups of subjects started out with different mean levels.

Significance level p = .05/Critical value F = 4.12
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DISCUSSION

Carskadon (1981) suggests that children are more severely affected by sleep restriction than adults.  The cognitive performance tests in this study demonstrated varying effects of restricted sleep.    


Auditory memory assessments in the experimental group showed an increase while the control group showed little difference.  A practice interaction may have influenced the results of this test.  During post-testing of the experimental group, one student developed a strategy of silently repeating the numbers to himself before writing them down.  A few other students began using this child’s strategy.


Subjects in the control group improved their score on the visual memory assessment by 4.5%, while the experimental scores decreased 2.9%.  Although it appears the sleep restricted group showed impairment in visual memory, the effect was not statistically significant.


    Two factors were examined in the math test, quantitative ability and processing speed.  Both groups showed virtually no change in accuracy on this assessment.  These findings are comparable to those reported by Carskadon (1981) using the Wilkonson addition test using children age 11-13 after a four hour sleep reduction.  Subjects in the restricted sleep group showed a marked tendency for impairment in processing speed on the math test.  Experimental group increased the time required to complete the test by 4.4%.  The control group decreased their completion time by 10%.  Statistical analysis indicates the difference is significant; however, the F ratio for homogeneity of regression exceeds the acceptable critical value.  A positive conclusion drawn from this data could potentially be misleading.  


Two hour sleep loss had substantial negative impact on divergent thinking.  Results from this study appear to indicate impaired ability, particularly in originality and adaptation.  Overall creativity scores indicated a statistically significance difference between control and experimental groups.  These findings would tend to support research by Horne and Pettitt (1985) which demonstrated that pre-frontal cortex functions such as divergent and creative thinking is especially sensitive to sleep deprivation in adults.

Limitations

One must consider the interaction of  a practice effect, whereby all scores were liable to improve at the second sitting.  Experimental students were observed repeating the number sequences in their heads during the auditory sequential memory post-testing.  Because of the practice effect, this study had a control group.  


The experimental group (sleep restricted), although randomly chosen, had higher pre-test scores than the control group.  An analysis of covariance was run on the data to remove the extraneous variables derived from pre-existing individual differences and to adjust the means to compensate for the fact that subjects began with different mean levels.  


Maintaining motivation during assessments is potentially problematic.  Consideration must given to subjects motivation throughout the testing period.  Johnson (1982) notes that after one night of sleep loss adult subjects can maintain normal levels of motivation for approximately five minutes.  Therefore, tests were created or adapted to be short term in duration to minimize the effect of declining motivation.     
CONCLUSION

In this study, cognitive function assessments demonstrated that divergent thinking skills were substantially impaired by the loss of sleep in elementary school children.  Statistical analysis indicates that sleep restriction significantly decreases a child’s creative thinking ability (p = .05).  However, no significant effects were found on convergent thinking performance after sleep restriction.  Although a single night of moderate sleep reduction impacted only divergent thinking in this study, children with sleep disturbances most likely experience sleep loss over several nights.  Additional nights of restricted sleep could develop into a significant problem.  Further study of the effects of cumulative sleep loss on school-aged children is clearly warranted.
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