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Introduction:  Artificial gravity (AG) created through short-radius centrifugation (SRC) is a proposed countermeasure for long-duration spaceflight. Little is known about the cognitive effects of exposure to artificial gravity which could adversely impact its operational usefulness.  We sought to investigate the cognitive effects of illusory tilt sensations and motion sickness (MS) which are brought on when making head turns during centrifugation.  Methods:  Twelve subjects completed tests examining memory search, spatial rotation, serial subtraction abilities and memory recall with and without head turns before, during and after exposure to SRC AG.   Ten control subjects also completed the same tests without experiencing AG.  Chi-squared tests were performed on improved and declined performance categories.  Results:  There were no differences between performance categories for memory search and serial subtraction tasks and memory recall with and without head turns between AG and control, low MS AG and control and high MS and low MS AG subject groups.  Analysis showed no differences in performance categories for spatial rotation abilities between AG and control and low MS AG and control subject groups, but found a difference in spatial rotation performance between the high MS and low MS AG subject groups.  The high MS AG group had two subjects with improved spatial rotation performance versus five subjects for the low MS AG group.  The high MS AG group had four subjects with declined spatial rotation performance versus one subject for the low MS AG group.  Discussion:  Illusory tilt, MS and centrifugation created by SRC AG did not impair memory search, serial subtraction, memory and recall abilities during and after AG exposure.  However, high MS levels impaired spatial rotation performance immediately after AG exposure possibly because mental rotation is akin to the illusory tilt that subjects experience.  Thus, in high MS subjects, the aversion to imaging the sickness related illusory tilt presumably suppresses the ability to perform a spatial rotation task.  Keywords:  artificial gravity, centrifugation, cognition
INTRODUCTION
Artificial gravity (AG) created through short-radius centrifugation (SRC) is a proposed countermeasure for long-duration spaceflight.  Short-radius centrifuges (2 – 3 m) have been designed to generate 0 g at the subject’s head and 1 g at the subject’s feet at rotation rates above 20 rotations per minute (rpm) (1).  One possible scenario of using AG for long-duration spaceflight involves daily, intermittent, 1 hour exposure to AG on a short-radius centrifuge.  It would also be preferable for astronauts to be able to complete work-related tasks (i.e., reading) while experiencing AG in order to maximize operational efficiency.  Thus, it is important to evaluate whether AG impairs cognitive performance in order to determine its operational utility for spaceflight.  

Although studies on Almost G-Induced Loss of Consciousness (A-LOC) and G-Induced Loss of Consciousness (G-LOC) Syndromes demonstrate the cognitive impairments caused by exposure to high g levels (7), little is known about the human cognitive effects of exposure to 0 -1 g levels through SRC AG.  The purpose of this experiment was to determine whether exposure to AG levels of 0 - 1 g created through SRC will impact cognition.  It is not known whether experiencing AG through SRC will significantly increase, decrease or not affect cognitive performance. 
There are several effects of SRC AG that could contribute to cognitive changes.  Head movements made during SRC AG can result in adverse disorienting neurovestibular effects including, illusory tilt, reflexive eye movements and motion sickness (2, 3, 5, 6).  The presence of symptoms of motion sickness (MS) can be debilitating and have been shown to be associated with significantly decreased performance on cognitive tests of attention and concentration (8).  In summary, a number of factors could potentially affect cognition namely, illusory tilt and motion sickness and thus, this study sought to evaluate these factors. 
METHODS
Subjects  
A total of 22 healthy human subjects (17 males, 5 females) participated in this study.  All subjects were current university students or university graduates.   12 healthy human subjects (9 males, 3 females) were exposed to AG through short-radius centrifugation and 10 healthy human subjects (8 males, 2 females) were not exposed to AG and thus, acted as controls for comparison.  All subjects were advised of the nature of the study and gave informed consent through signing a consent form. The experimental procedure for this study was in accordance with the ethical standards of the Committee on the Use of Humans as Experimental Subjects at MIT.  All subjects were instructed to abstain from alcohol and caffeine for 24 hours prior to the experiment. 
Centrifuge  
The centrifuge used at the Massachusetts Institute of Technology (M.I.T.) Man-Vehicle Laboratory (MVL) is a 2.8 m long rotating horizontal bed which is powered by a Browning 1 horsepower DC motor and controlled by a Browning LWS Series LW second generation DC Motor Controller (4, Figure I).  The subject rotation radius is 2 m and the centrifuged subjects were exposed to a constant angular velocity of 138°/s which is equal to 23 rotations per minute (rpm).  Each subject lay supine on the bed with the head at the axis of rotation and the feet placed against an adjustable foot plate.  At 23 rpm, the centrifugal force generated a horizontal gravito-inertial force (GIF) component of 0 g at the head and 1 g at the feet of a 168 cm tall participant.  Additionally, the earth’s gravitational force was continually acting perpendicular to the centrifugal GIF.  Subjects were notified of the safety equipment which included a seat belt and power cut-off safety switch.  
No breaks in centrifugation were given during AG exposure.  However, subjects were informed at the beginning of the experiment that they could request to stop the experiment immediately any time.  To minimize external visual stimuli, the lights were turned off during AG exposure except when the subjects were completing the Memory and Recall test.  An on-board video camera was used to monitor the subject’s well-being and head movements via a television monitor for the entire experiment.

General Protocol
All subjects completed a series of cognitive assessment tests before, during and after lying supine on the centrifuge in a single session that lasted approximately 1 hour.  Memory Search and Shape Rotation tests were completed by AG subjects prior to and after centrifugation.  Serial Subtraction and Memory and Recall tests were completed by AG subjects while experiencing AG in the dark.  Control subjects completed the tests under the same conditions as the AG group but without experiencing AG (i.e., while supine on a non-rotating centrifuge).  All the test directions were given beforehand.  Test directions for the Serial Subtraction and Memory and Recall tests were restated again during AG or the equivalent control period.  Reminders on test instructions for the Memory Search and Shape Rotation tests after the centrifuge period were also available to all subjects.
Memory Search
Prior to getting on and after getting off the centrifuge, all subjects completed a computer-based cognitive test which is a modification of the Sternberg Memory Search Task which is a component of the AGARD-STRES battery.  The test involved viewing a letter on a computer screen for a brief period of time.  Afterwards, a matrix of letters would be displayed and the subject would be required to scan the matrix and indicate whether the previously displayed letter was present or not in the matrix by clicking a mouse button.  The subject’s response would then generate the subsequent letter.  Thus, this test examined the subject’s memorization, detection, recognition, memory search and comparison and response selection abilities.  This test was run for a set period of 2 minutes and no breaks were given.  Before the test, the subject’s handedness was recorded and the “Yes” click button was determined to be on the mouse button on the side of the subject’s dominant hand.  All subjects performed this test while seated at a counter.  The test conditions were explained to each subject beforehand and the subjects were instructed to complete this test as accurately and quickly as possible.  The reaction time of each response and the left or right click response to each matrix was recorded for each subject.  Reaction times less than 120 milliseconds or greater than 3000 milliseconds were invalidated due to subject feedback that they had to click several times to elicit the subsequent matrix.  The click responses were then used to calculate correct or incorrect answers for each matrix for every subject.   

The average reaction time for correct answers in the test taken before the AG or the equivalent control phase (RT1) and the test taken after the AG or the equivalent control phase (RT2) were calculated for each subject.  The difference in memory search performance after the AG or the equivalent control phase (ΔPMS) for each subject was calculated by subtracting RT2 from RT1 (RT1-RT2).  If the subject’s ΔPMS was > 0, then the subject was assigned the category of “memory search performance improved.” If the subject’s ΔPMS was < 0, then the subject was assigned the category of “memory search performance declined.”
 
Spatial Rotation
All subjects performed this paper-based test (Educational Testing Service 1975 ©) while supine, in a nose-up (NU) position but while not rotating on the centrifuge.  The paper test contained 20 lines of shapes and each line contains 1 reference shape and 8 test shapes.  Subjects were required to compare each test shape to the reference shape and determine whether the test shape is a rotation or not a rotation of the reference shape.  This task examines the subject’s ability to rotate shapes mentally to formulate a same/different judgment.  This test was run for a set period of 3 minutes and no breaks were given.  The subjects were given time to read the test instructions beforehand.  Subjects were instructed to complete this test as accurately and quickly as possible.  Each test was marked using a standard reference sheet with correct responses. 

The percentage of correct answers completed in the spatial rotation test taken before the AG or the equivalent control phase (SR1) and in the test after the AG or the equivalent control phase (SR2) were calculated for each subject by dividing the number of correct responses by the total number of possible responses.  The difference in spatial rotation performance after the AG or the equivalent control phase (ΔPSR) for each subject was calculated by subtracting SR1 from SR2 (SR2-SR1).  If the subject’s ΔPSR was > 0, then the subject was assigned the category of “spatial rotation performance improved.” If the subject’s ΔPSR was < 0, then the subject was assigned the category of “spatial rotation performance declined.” 

Serial Subtraction
AG subjects performed this mental arithmetic task twice during exposure to AG.  After a 30 second period of acclimatization to AG in the dark, AG subjects in the NU position were asked to conduct a serial subtraction for 2 minutes.  After completing the Memory and Recall test (see below), subjects in the NU position were asked to conduct another serial subtraction for 2 minutes in the dark.  Control subjects performed this test under the same conditions minus the exposure to AG.  This test requires attention and concentration.  The subjects were informed to the nature of the test beforehand.  Subjects were instructed to complete as many accurate subtractions in the given time period.  Every individual subtraction stated by each subject was recorded by the experimenter.  A subtraction was considered to be correct if it was a correct subtraction of the previous subtraction.  An incomplete final subtraction conducted at the end of the time period was not counted.  Thus, if a subject made one error but continued to subtract correctly for subsequent subtractions, this resulted in the assessment of only one incorrect subtraction.    

The percentage of correct subtractions completed in the serial subtraction task taken during the initial section of the AG or the equivalent control phase (SS1) and in the test after the AG or the equivalent control phase (SS2) was calculated by dividing the number of correct subtractions by the total number of subtractions given by each subject.  The difference in serial subtraction performance after the AG or the equivalent control phase (ΔPSS) for each subject was calculated by subtracting SS1 from SS2 (SS2-SS1).  If the subject’s ΔPSS was > 0, then the subject was assigned the category of “serial subtraction performance improved.” If the subject’s ΔPSS was < 0, then the subject was assigned the category of “serial subtraction performance declined.” 

Memory and Recall Test
Subjects performed this test during the AG or equivalent control period with and without head turns (HT).  Twelve sets of right yaw head turns (nose-up (NU) to right-ear-down (RED) were performed during AG exposure in order to induce illusory tilt sensations, reflexive eye movements and motion sickness symptoms for AG subjects.  4 test sets were given in the order; without HT, with HT, without HT and with HT.  Each test set had 3 alternating rows of random letters and 3 alternating rows of random numbers.  Approximately 5 seconds prior to the lights being turned on which initiates the memorization period, the experimenter reminded the subject on which test row they would be memorizing.  The subject was instructed beforehand that although they may not be able to memorize the entire sequence, the objective is to memorize as many letters or numbers as possible in the correct order for each row.  Each incorrectly reported digit or number (including blank responses) was determined to be an incorrect response.     
Memory and Recall Test without Head Turns
When the lights were turned on, the subject in the NU position had 10 seconds to memorize a row of 15 random letter or numbers.  Then the subject had 30 seconds to recall and write down the memorized sequence in the NU position.  The lights would then be turned off and 20 seconds would elapse before turning the lights back on in order for the subject to memorize the next row.

The average percentage of correct answers without head turns completed in the first and second sections of the Memory and Recall Test (MR-HT1, MR-HT2) taken during the AG or the equivalent control phase were calculated for each subject by dividing the number of correct responses by the total number of possible responses for each row and then calculating the average value for the 6 rows of each section.  The difference in memory recall without head turns performance between the two sections (ΔPMR-HT) for each subject was calculated by subtracting MR-HT1 from MR-HT2 (MR-HT2 - MR-HT1).  If the subject’s ΔPMR-HT was > 0, then the subject was assigned the category of “memory recall performance improved without head turns.” If the subject’s ΔPMR-HT was < 0, then the subject was assigned the category of “memory recall performance declined without head turns.” 

Memory and Recall Test with Head Turns
The subject was instructed by the experimenter to perform a head turn from a NU to right-ear-down (RED) position within 1 second.  20 seconds in the dark would elapse before the lights would turned on and the subject would then have 10 seconds in the light and RED position to memorize one row on a sheet that was attached to the side railing of the centrifuge.  Then the subject was instructed to immediately make a head turn from the RED to NU position and would have 30 seconds to recall and write down the memorized sequence.  In order to ensure that reflexive eye movements do not interfere with the subject’s reporting (i.e., writing) of the memorized sequence, this period of 30 seconds was given because previous experiments have determined that the reflexive eye movements created by head-turns during SRC would be minimal within a 30 second period (9).   
The average percentage of correct answers completed with head turns in the first and second sections of the Memory and Recall Test (MR+HT1, MR+HT2) taken during the AG or the equivalent control phase were calculated for each subject by dividing the number of correct responses by the total number of possible responses for each row and then calculating the average value for the 6 rows of each section.  The difference in memory recall with head turns performance between the two sections (ΔPMR+HT) for each subject was calculated by subtracting MR+HT1 from MR+HT2 (MR+HT2 – MR+HT1).  If the subject’s ΔPMR+HT was > 0, then the subject was assigned the category of “memory recall performance improved with head turns.” If the subject’s ΔPMR-HT was < 0, then the subject was assigned the category of “memory recall performance declined with head turns.” 

Planned Statistical Analysis
Chi-squared (χ2) testing was performed on both improved and declined performance categories for spatial performance, serial subtraction, memory recall without head turns and memory recall with head turns between the AG and control subject groups, the low MS AG and control subject groups and the high MS and low MS AG subject groups.  A p value < 0.05 was considered to be significant.  

Motion Sickness Rating
All subjects were asked to report their motion sickness level on a scale of 0- 20 at approximately 1 minute intervals or after 2 head turns (NU-RED and RED-NU) during the entire AG or equivalent control period.  Subjects were informed that a value of 0 is equal to the sensations experienced while supine on the non-rotating centrifuge and that a value of 20 indicates that the subject feels that they are on the verge of vomiting.  AG subjects reporting a significant level of (7-9) or increase in motion sickness were offered a break from experimental activities while still being exposed to AG.  If the break was taken, then the subject’s motion sickness ranking was assessed after 1 minute and a decision was made by the subject to continue the experiment.  Additionally, if the subject requested that the AG session be terminated for any reason and at any time, then rotation was aborted immediately.  The maximum motion sickness ranking for each subject was used to rank them into groupings of subjects who experienced high and low motion sickness.  To examine the effect of motion sickness on cognition, the AG group was divided into two groups; those subjects who experienced lower levels of motion sickness (low MS) which as defined as the maximum reported motion sickness value as being < 7 and those subjects who experienced higher levels of motion sickness (high MS) which as defined as the maximum reported motion sickness value as being > 7.  
Subject Feedback
At the conclusion of the experiment, the subject was questioned on any difficulties with completing their cognitive tasks and any unusual sensations they experienced during the experiment which was recorded by the experimenter.

RESULTS
Memory Search
As outlined in Table 1, a chi-squared test showed no significant differences in memory search performance categories (declined versus improved) between the AG and control subject groups (p = 0.429, χ2 = 0.625, df = 1), the low MS AG and control subject groups (p = 0.157, χ2 = 2, df = 1) and the high MS and low MS AG subject groups (p = 0.386, χ2 = 0.75, df = 1).  
Spatial Rotation
As outlined in Table 1, a chi-squared test showed no significant differences in spatial rotation performance categories (declined versus improved) were found between the AG and control subject groups (p = 0.519, χ2 = 0.417, df = 1) and the low MS AG and control subject groups (p = 0.120, χ2 = 2.417, df = 1).  However, a chi-squared test showed a significant difference in spatial rotation performance between the high MS and low MS AG subject groups (p = 0.001, χ2 = 10.8, df = 1).  Figure II shows that the high MS AG group had two subjects with improved spatial rotation performance versus five subjects for the low MS AG group and the high MS AG group had four subjects with declined spatial rotation performance versus one subject for the low MS AG group.  
Serial Subtraction  

3 AG subjects (1 female, 2 males) did not complete the second serial subtraction task due to significant motion sickness which led to the early termination of the AG phase and thus, the results of their first serial subtraction task were excluded from analysis.  As outlined in Table 1, a chi-squared test showed no significant differences in serial subtraction performance categories (declined versus improved) were found between the AG and control subject groups (p = 0.317, χ2 = 1, df = 1) and the low MS AG and control subject groups (p = 0.157, χ2 = 2, df = 1) and the high MS and low MS AG subject groups (p = 0.221, χ2 = 1.5, df = 1).  

Memory and Recall Test without Head Turns 

1 male control subject and 1 female AG subject were excluded from analysis due to minor changes in the protocol and 2 AG subjects (1 male and 1 female) did not complete the second section of the test due to significant motion sickness which led to the early termination of the AG phase.  As outlined in Table 1, a chi-squared test showed no significant differences in memory recall without head turns performance categories (declined versus improved) were found between the AG and control subject groups (p = 0.502, χ2 = 0.45, df = 1) and the low MS AG and control subject groups (p = 0.306, χ2 = 1.05, df = 1) and the high MS and low MS AG subject groups (p = 0.083, χ2 = 3, df = 1).  

Memory and Recall Test with Head Turns
1 male control subject and 1 female AG subject were excluded from analysis due to minor changes in the protocol and 2 AG subjects (1 male and 1 female) did not complete the second section of the test due to significant motion sickness which led to the early termination of the AG phase.  As outlined in Table 1, a chi-squared test showed no significant differences in memory recall with head turns performance categories (declined versus improved) were found between the AG and control subject groups (p = 0.480, χ2 = 0.5, df = 1) and the low MS AG and control subject groups (p = 0.317, χ2 = 1, df = 1) and the high MS and low MS AG subject groups (p = 0.134, χ2 = 2.25, df = 1).  

Motion Sickness Rating
6 AG subjects (5 male, 1 female) reported a maximum reported motion sickness value as being < 7 and were classified in the low MS category.  6 AG subjects (4 male, 2 female) reported their maximum reported motion sickness value as being > 7 and were classified in the high MS category.  

DISCUSSION
Comparing the performance of AG versus control groups evaluated the global, omnipresent effects of AG on cognition which include; motion sickness and illusory tilt during AG.  The lack of difference observed for performance categories between AG and control groups indicates that AG exposure does not significantly impair or improve memory search, spatial rotation, serial subtraction, memory and recall abilities with and without head turns during and after AG exposure when compared to control subjects.    
Examining the differences between the low MS AG subjects versus control subjects mainly evaluates the effect of low MS AG.  The lack of difference observed for performance categories between low MS AG and control groups indicates that low MS does not significantly impair or improve memory search, spatial rotation, serial subtraction, memory and recall abilities with and without head turns during and after AG exposure when compared to control subjects.    
Comparing the differences between high MS and low MS AG subjects evaluated the effect of high and low MS on cognitive performance during AG.  The lack of difference observed for performance categories between high and low MS AG groups indicates that high MS levels do not significantly impair or improve memory search, serial subtraction, memory and recall abilities with and without head turns during and after AG exposure when compared to low MS subjects.  However, a difference in performance categories between the high MS and low MS AG subjects was observed for the spatial rotation task.  This result indicates that high MS levels can impair spatial rotation performance immediately after AG exposure.  We speculate that this result may be primarily due to two factors.  First, perhaps spatial rotation is akin to the illusory tilt that subjects experience and therefore, in high MS subjects, the aversion to imaging the sickness related illusory tilt presumably suppresses the ability to complete a mental rotation task.  Secondly, given that the Spatial Rotation task was the last task given on the SRC, subjects that terminated the AG phase of the experiment due to intolerable MS, may not have experienced a strong motivation to complete this task to the best of their abilities.  However, this result represents a relatively small sample size and thus, requires further investigation.  
Also, examining the effect of head-turns between AG and control subjects, low MS AG and control subjects and low MS and high MS AG subjects evaluated the short-term effect of AG-induced disorienting neurovestibular responses, namely illusory tilt, on memory recall abilities.  The lack of difference observed for memory recall with head turns performance categories between AG and control subjects, low MS AG and control subjects and low MS and high MS AG subjects indicate that head-turns during SRC and the resultant disorienting neurovestibular effects do not significantly impair or improve memory and recall abilities during AG exposure.    


Thus, it appears that MS and illusory tilt created through SRC AG does not appear to significantly impact on memory search, serial subtraction, memory and recall abilities during and after AG exposure. Since the high MS AG group had two subjects with improved spatial rotation performance versus five subjects for the low MS AG group and the high MS AG group had four subjects with declined spatial rotation performance versus one subject for the low MS AG group, this indicates that while high MS levels can impair spatial rotation performance immediately after AG exposure, low MS improves the ability to perform a spatial rotation task.  If high MS can be addressed and minimized during AG exposure, it is anticipated that this cognitive decline would not be observed.  
In summary, these results indicate that when compared to a control group that did not experience AG, exposure to a single session of AG does not have a large effect on memorization, recall, detection, recognition, memory search, comparison and response selection abilities, mental spatial rotation capabilities and attention and concentration skills during and after AG. These results provide crucial support for its proposed implementation as a countermeasure for long-duration spaceflight.    However, a slight increase in cognitive performance over time is predicted to occur due to improved test-taking ability and thus, a small decline in cognition may be masked by the subjects’ increased familiarity with the test formats.  Therefore, additional subjects may be required to determine if AG has a small yet significant effect on cognition.  Interestingly, our results showed that while high MS reduces the ability to perform a spatial rotation task, low MS improves spatial rotation performance.  Thus, additional subjects should be evaluated to confirm the effect of high versus low levels of MS during AG on spatial rotation abilities.  As well, further studies involving multiple exposures to AG are required to determine if long-term intermittent exposure to AG affects cognition. Also, further studies testing different cognitive abilities could also be tested. 
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Figure I.  M.I.T. Man-Vehicle Laboratory (MVL) short-radius centrifuge.  At 23 rpm, this short-radius centrifuge generated a horizontal gravito-inertial force (GIF) component of 0 g at the head and 1 g at the feet of a 168 cm tall participant.  

	Cognitive Test
	Subject Grouping
	Performance Improved
	Performance Declined
	p value
	χ2 value
	degrees of freedom

	Memory Search
	Control
	5
	4
	0.429
	0.625
	1

	
	AG
	6
	3
	
	
	

	
	Control
	5
	4
	0.157
	2
	1

	
	Low MS AG
	3
	3
	
	
	

	
	High MS AG
	3
	0
	0.386
	0.75
	1

	
	Low MS AG
	3
	3
	
	
	

	Spatial Rotation
	Control
	6
	4
	0.519
	0.417
	1

	
	AG
	7
	5
	
	
	

	
	Control
	6
	4
	0.120
	2.417
	1

	
	Low MS AG
	5
	1
	
	
	

	
	High MS AG
	2
	4
	0.001*
	10.8
	1

	
	Low MS AG
	5
	1
	
	
	

	Serial Subtraction
	Control
	2
	8
	0.317
	1
	1

	
	AG
	3
	6
	
	
	

	
	Control
	2
	8
	0.157
	2
	1

	
	Low MS AG
	2
	4
	
	
	

	
	High MS AG
	1
	2
	0.221
	1.5
	1

	
	Low MS AG
	2
	4
	
	
	

	Memory Recall without Head Turns
	Control
	5
	4
	0.502
	0.45
	1

	
	AG
	6
	3
	
	
	

	
	Control
	5
	4
	0.306
	1.05
	1

	
	Low MS AG
	3
	3
	
	
	

	
	High MS AG
	3
	0
	0.083
	3
	1

	
	Low MS AG
	3
	3
	
	
	

	Memory Recall with Head Turns
	Control
	6
	3
	0.480
	0.5
	1

	
	AG
	5
	4
	
	
	

	
	Control
	6
	3
	0.317
	1
	1

	
	Low MS AG
	4
	2
	
	
	

	
	High MS AG
	1
	2
	0.134
	2.25
	1

	
	Low MS AG
	4
	2
	
	
	


Table I.  Chi-squared results for improved versus declined performance categories for 5 types of cognitive testing for (1) control subjects who were not exposed to artificial gravity (2) all subjects who were exposed to artificial gravity (AG) (3) subjects, who exposed to artificial gravity (AG) reported low motion sickness (Los MS) and (4) subjects, who exposed to artificial gravity (AG), reported high motion sickness (High MS).  *P value < 0.05.
[image: image2.emf]0

1

2

3

4

5

6

Spatial Rotation Task

Performance Improved

Spatial Rotation Task

Performance Declined

Number of Subjects

Low MS AG

High MS AG


Figure II.  Comparison of the number of low and high MS AG subjects demonstrating improved and declined performance for the spatial rotation task (p = 0.001, χ2 = 10.8, df = 1).
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