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Abstract
The study aims to answer the question, “Will the use of a classroom response system as a tool for formative assessment in the regular physics classroom improve students’ post-test scores in physics?”

The participants of this study are two classes of regular physics students that included 36 junior and 19 senior high school students. The total sample size is 55 and represents 31% of the entire enrollment of the regular physics class for the school. Twenty-nine (29) of the students are male and 26 of them are females. 
     An independent sample t-Test was used to analyze the data available. The findings show that the students who used the classroom response system had a higher post-test mean score than the students who did not use the technology.  The calculated t value of -0.63 is less than the critical one-tailed value of 1.67.  This statistical analysis shows that at p = 0.05, the post-test mean increase of the experimental group that used the classroom response system is not statistically significant. Therefore the null hypothesis (H0) that the class that used the classroom response system will not perform any better than the class that did not use the CRS is accepted and not rejected. 
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Introduction

General Statement of the Problem

Studies conducted by the American Institute of Physics have shown that from 1987 to 2001, the number of high school seniors who have taken physics grew from 20% to 31%. Even though these numbers are very encouraging, high school physics teachers are still faced with the dilemma of low physics achievement scores in both standardized state exams and teacher-made tests. 
Today’s generation of learners in the classroom is very different from decades ago. The students today are first and foremost technologically knowledgeable.  This change has been caused by new and affordable technological advances like cell phones and computers with easy internet access. Teachers are now faced with the challenge of being more creative with their teaching strategies in educating these new kinds of learners.
Author and physics professor from the University of Maryland, Edward Redish (2006), has suggested that what matters most in a course is what the students actually do. He suggests that teachers need to get students to actively engage in physics as much as possible.  

The primary objective of this study is to investigate the effect of the use of classroom response systems (CRSs) as a tool for formative assessment in regular physics classes.  The study aims to replicate some of the previous studies made on classroom response systems with college students in the high school physics setting.

The study investigates if the use of technology ,in the form classroom response systems as a tool for formative assessment, will have a significant impact on the students’ post-test scores as compared to their pre-test scores compared to the group of students who did not use the technology.
Literature Review
Classroom Response Systems (CRS).  Classroom response systems also known as personal response systems, electronic response systems or group response systems is a technology that allows students to respond electronically using a handheld device to questions that instructors pose in class (Graham et al., 2007).  The questions are usually in a multiple choice or true/false question format.  The questions can be written using software programs like PowerPoint, Word and PDF files.

During instruction whenever a teacher poses a question to the students, the students aim their handheld CRS units towards the receiver.  These units which the students have to purchase from their college’s bookstore are actually a transmitter that sends out a radio signal to a receiver that is connected to the instructor’s computer.  The computer is running the CRS program that collects and records and even analyzes the individual student responses.  The instructor has the option of immediately displaying a histogram or other information from the students’ responses.  An instructor can also track individual responses to questions for further analysis of the question item.  Classroom response systems have been around since the 1960s (Judson and Sawada, 2002).  It was only during the last half decade that the demand for the devices have increased as the technology improved and as it was easily integrated to existing course management systems software.

Low student participation in traditional lecture formats in higher education has increased interest in understanding the pedagogical implications of the classroom response systems (Benjamin, 1992; Robertson, 2000).  Current studies on classroom response systems have focused on using the technology to promote collaborative discussions in the classroom to uncover misconceptions by prompting small group discussions.   

Studies that investigated direct measurement of student learning with classroom response systems have shown mixed results.  Some of these studies have shown improved student achievement, while others showed no significant improvements in student performance (Fies, 2005; Judson and Sawada, 2002).  Researchers reported also that students generally felt that the classroom response systems improved their engagement in the class, made the class enjoyable and helped the instructor identify and respond to their needs.  

Formative Assessment.  British researchers Paul Black and Dylan William published empirical research studies that focused on classroom assessment in 1998. The two authors argued that formative assessment if properly employed in the classroom will help students learn what is being taught.  

Formative assessment is a process used by teachers and students during instruction that provides feedback to adjust ongoing teaching and learning to improve student’s achievement of intended instructional outcomes (FAST SCASS,2006).
Based on this definition formative assessment is a process.  It is used by both teachers and students during instruction.  It provides assessment-based feedback to teachers and students.  The function of this feedback is to help teachers and students make adjustments that will improve students’ achievement.   
Attention Span. Studies conducted on attention span of college students in 1976 by A.H. Johnstone and F. Percival have shown that adult learners can keep tuned in to lecture for no more than 15 to 20 minutes at a time, and this at the beginning of the class. In 1985 Ralph A. Burns asked students to summarize presentations that were given to them.  Burns reported that students recalled the most information from the first five minutes of the presentation.  Both of these studies clearly suggest that there are severe lapse of attention 15 to 20 minutes into a lecture.  Johnstone and Percival (1976) also noted that lecturers who “adopted a varied approach…and deliberately and consistently interspersed their lectures with illustrative models or experiments…short problem solving sessions, or some other form of deliberate break…usually commanded a better attention span from the class, and these deliberate variations had the effect of postponing or even eliminating the occurrence of an attention break” (p.50).

Traditional Classroom Lecture.  Hrepic, Zollman and, Rebello (2007) did a qualitative study on the effectiveness of lecture in teaching physics. They were motivated by frustration stemming from student’s inability to answer questions after a lecture. They compared how experts and novices in physics understood a lecture on the physics of sound. The study found that experts already bring prior knowledge to their understanding of new material. They are able to make inferences and fill in gaps much more readily than novices are. In fact, only those who had already been able to answer a question before the lecture felt that that the answer could be inferred from the lecture. Already knowing the subject is the best predictor of comprehension. A lecture that experts see as very clear and complete is often very confusing and incomplete to students. 


The study suggested that lecture, because of the lack of interaction with students and their conceptions has limited use as a teaching tool and works best for teaching simple concepts. Because responders facilitate more interaction and feedback, perhaps they can strengthen the effectiveness of lecture as a method of delivering instruction. 


Smith (2007) did a study of which types of classroom assignments were the best predictor of success on exams in an earth science freshman survey course. The data show that frequent quizzes were the best predictor of success in a freshman course. The quizzes were done online and students could choose to get feedback and review and retake the quizzes. Additionally, the students who took advantage of the opportunity to review and retake quizzes outperformed students who did not. Even though the responder is a different technology than an online quiz, responders do allow an instructor to give frequent quizzes with immediate feedback. 
Active Participation.  In 1916, John Dewey wrote that students learn by doing and that learning is an active process.  There is also a diverse body of educational research that has shown that academic achievement is positively influenced by the amount of active participation of students in the learning process (Gardner et al.,1994; Narayan et al.,1990; Pratton and Hales,1986; Stallings, 1980).
Pratton and Hales (1986) defined active participation as “the result of a deliberate and conscious attempt on the part of the teacher to cause students to participate overtly in a lesson” (1986).  Through out the years various strategies to encourage students’ active participation have been employed.  Hand-raising and using response cards in the classroom are the common used ones.   The use of these strategies has shown increase student participation in higher education classes. These strategies have also shown to provide important feedback to the instructors on their teaching (Cavanaugh et al., 1996; Christle and Schuster, 2003; Kellum et al., 2001; Maheady et al., 2002). 
Research Question
This study investigated two regular high school physics classes who have consistently shown low participation and low physics test scores.  The control group will be assessed formatively using the traditional questioning techniques.  The experimental group will be assessed using the classroom response system.  

The study aims to answer the question, “Would the use of a classroom response system as a tool for formative assessment in the regular physics classroom improve students’ post-test score in physics?”
Statement of Hypothesis 
The null hypothesis (H0)of this study is:

H0:  Group B or the experimental group will not perform any better than Group A, the control group.

In notation:  H0: µB = µA  
The research hypothesis (H1) of the study is:

H1:  Group B or the experimental group will perform better in the post-test than Group A, the control group.

In notation:  H1: µB › µA
Definition of Terms 
The following terms will be used throughout this study:
Classroom Response Systems.  Classroom response systems (CRS) are handheld infrared transmitters that are used by students to record their answers to either multiple choice or true or false questions.
Formative Assessment.  Formative assessment is the process used by teachers and students during instruction that provides feedback to adjust ongoing teaching and learning to improve students’ achievement of intended instructional outcomes.

Control Group.  The group or class of students who did not use the classroom response system but rather used the traditional raising of the hand to answer to the review questions posed by the teacher is the control group in this study. This group will be named as Group A throughout this study.

Experimental Group. The group or class of students who used the classroom response system to answer the review questions posed by the teacher after each section of the lesson is known as the experimental group in this study. This group will be named as Group B throughout this study.

Independent Samples t-test.  This is also known as t-test for independent groups.  This test is used to determine whether the mean values of a variable on one group of subjects is different from a mean value on the same variable with a different group of subjects.
     Dependent Samples t-test.  This is used when the interrelationship between the groups are not independent but are related.

     Mean.  The sum of the scores in a distribution divided by number of scores in the distribution.  This is the most commonly used measure of central tendency.


Statistically Significant. The conclusion that results are unlikely to have occurred due to sampling error or chance.  For example if the significance level is p=0.05, this means that the results are likely to occur by chance less than 5% of the time.  This is also the observed correlation or difference that probably exists in the population.

     Variance.  The square of the standard deviation and is a measure of variability.

     Variability.  The extent to which scores differ from one another.
Significance of Proposed Study. 
There are various research studies on the use of classroom response systems in different settings.  Some of the studies show that it significantly increases student achievement in the college level while some others show the opposite.  This study is a significant endeavor as it investigates the effect of the use of classroom response systems at the high school level.  This study will also investigate whether or not classroom response systems can improve student test scores in the regular physics classroom. 

The findings of this study will also provide teachers with more information as to how using CRS as a tool for formative assessment can help them adjust their teaching to be able meet the needs of individual students in the physics classroom. 
Design and Methodology
Population and Sample
The participants of this study are two classes of regular physics that included 36 junior and 19 senior high school students. The total sample size is 55 and represents 31% of the entire enrollment of the regular physics class for the entire school. Twenty-nine (29) of the students are male and 26 of them are females. The participants were chosen because they were readily available to the researchers and they have access to the classroom response system that was used in the study. 
Instrumentation and Data Collection
There were two regular physics classes that were involved in this study.  The control group or group A was the group that used the traditional raising of the hand method to respond to the teacher’s questions.  Group A consisted of 16 male and 10 female students.  The total numbers of participants were 29.  Seventeen (17) of these participants are 11th graders and 9 of them were 12th graders.

The experimental group or group B was the group that used the handheld classroom response system device to respond to the teacher’s questions.  Group B consisted of 13 male and 16 female students.  The total number of participants was 29.  Nineteen of these participants are 11th graders and 10 of them are 12th graders.  Both classes were learning about static electricity. 
A 16-item pre-test, which consisted of 11 multiple choice type questions and 4 short answer and essay type questions, were given to both groups.  The pre-test scores of each individual student from each of the grups were then recorded.

A 15-minute inquiry activity was used to introduce the topic of static electricity to both groups.  The objective of the activity is to answer the question: “What happens when a plastic ruler is rubbed with wool and then brought near a pile of paper scraps?”  Guiding questions were also given to the students to help them analyze the phenomenon of static electricity. A whole group discussion followed the activity to gather and summarize what the students have observed.

The teacher then taught concepts of static electricity using the traditional lecture method, whole class discussions, word problem solving, and classroom demonstrations. The sub-topics for static electricity that were discussed in class were: a)history of the discovery of the electric charge, b) properties of electric charge, c)  classification of materials by their ability to conduct charge, d) different ways of charging an object and e)the relationship of distance and charge to the electrical force or Coulomb’s Law.  The students were also given problem solving exercises that involve counting the number of charges and Coulomb’s Law.

All throughout the discussion the teacher would stop and ask the students for any questions or concerns that they may have about the lesson.  The first set of multiple choice-type questions for the formative assessment were given after subtopics (a) through (c).  The second set of multiple choice-type were given after subtopics (d) and (e). These questions were included in the PowerPoint presentation of the teacher.

The control group or group A answered these questions by volunteering themselves by raising their hands or some of them were called by the teacher to answer a specific question. The experimental group or group B used the classroom response system to answer the questions. The lesson took two 2-hour block days to complete.

After the lesson has been taught, both groups were given a post-test.  The post-test had a total of 16 items, 11 of which are multiple type questions and 4 short answer and essay type questions.  The scores for the post test of both groups were then recorded. 

Four students from each of group were asked to answer a survey sheet that would further show their thoughts about the lesson.
Data Treatment and Procedures

 The pre-test and post-test scores for each individual student from each group were recorded.  The means of the pre-test and post-test results were compared for each group.  A t-test for correlated means was performed on each of the groups’ pre-test and post-test to examine whether the learning growth within each class was statistically significant.   An independent sample t-test was performed to compare the post-test results of group A (control group) and group B (experimental group).  This statistical treatment was chosen to show if the difference between the means of the two groups would be statistically significant.  The null hypothesis that is if the null hypothesis (H0) should be rejected or not.
Presentation of Findings
These are the findings of the study:

A. Group A (Control Group) T-Test: Paired Sample

        Table 1:  Group A Paired T-Test


[image: image1.emf]t-Test: Paired Two Sample for Means Pre-Test Post-Test

Mean 6.346153846 10.34615385

Variance 7.755384615 9.515384615

Observations 26 26

Pearson Correlation 0.334719567

Hypothesized Mean Difference 0

df 25

t Stat -6.009252126

P(T<=t) one-tail 1.40943E-06

t Critical one-tail 1.708140745

P(T<=t) two-tail 2.81885E-06


Table 1 shows that there is an increase with Group A’s  post-test mean score as compared to its pre-test mean.  The calculated t value which is -6.00 is greater than the critical one-tailed value of 1.70.  This shows that shows that at 0.05 significance level and with a degree of freedom of 25, this increase is statistically significant. 
B. Group B (Experimental Group) T-Test:  Paired Sample

Table 2 shows that there is an increase with Group B’s  post-test mean score as compared to its pre-test mean.  The calculated t value which is -8.81 is greater than the critical one-tailed value of 1.70.  This shows that shows that at 0.05 significance level and with a degree of freedom of 28, this increase is statistically significant. 

Table 2:  Group B Paired T-Test
      
[image: image2.emf]t-Test: Paired Two Sample for Means Pre-Test Post-Test

Mean 5.931034483 10.79310345

Variance 3.495073892 4.598522167

Observations 29 29

Pearson Correlation -0.092771289

Hypothesized Mean Difference 0

df 28

t Stat -8.807586423

P(T<=t) one-tail 7.34052E-10

t Critical one-tail 1.701130908

P(T<=t) two-tail 1.4681E-09

t Critical two-tail 2.048407115


C. Comparison of Post-Test Scores for Groups A and B:  
     Table 3 shows that Group B’s post-test mean score is higher than Group A’s post-test mean score. The calculated t value of -0.63 is less than the critical one-tailed value of 1.67.  This shows that at a 0.05 significance level and 53 degrees of freedom, the post-test mean increase of the experimental group that used the classroom response system is not statistically significant.

Table 3: Independent Sample T-Test


[image: image3.emf]t-Test: Two-Sample Assuming Equal Variances

Group A Post-Test  Group B Post Test

Mean 10.34615385 10.79310345

Variance 9.515384615 4.598522167

Observations 26 29

Pooled Variance 6.917796907

Hypothesized Mean Difference 0

df 53

t Stat -0.629185897

P(T<=t) one-tail 0.265965058

t Critical one-tail 1.674116237

P(T<=t) two-tail 0.531930115


Since the |t|>1.67, the null hypothesis (H0)is accepted and not rejected at the level of 0.05 level of significance.

D.  Survey Questions
There was a total of four questions in the survey sheet. The first question asked the students one thing that they would have remembered from the lesson on static electricity.  Majority of the students were able to recall practical application of the static electricity principles.

The second question asked for any classroom demonstration that they can remember. Most of the students answered the demonstration on the Van de Graaf Generator and the Plasma Ball.  
The third question asked for specific suggestions each student may have on how to make the topic more interesting.  Most of the students said that it would help if they would see more interesting demonstrations and be able to do class activities pertaining to static electricity.

The fourth question asked if the CRS have helped or would help if they were able to use it.  All of the students responded with certainty that the CRS would help them understand the lesson more.  One student even mentioned that it was better than verbal review because students actually pay more attention to the questions.
Limitations of the Design
     The study examined learning during a two day section on static electricity.  This may not have been time for either the teacher or students to adapt to or learn the best way to use the CRS.  The short time frame does not give the teacher much flexibility in redesigning instruction based on the feedback given by formative assessment.  There is inevitable contamination of the research design, because the teacher will always apply lessons learned from teaching one class when teaching the other class.  In this study, the CRS was used after chunks of instruction rather than throughout instruction.  Changing the frequency of formative assessment might improve the efficacy of the assessment.  Because the teacher was also the researcher, there may have been a “Hawthorne effect” where the teacher/researcher influenced the results of the study.

                           Conclusion

The study aims to answer the question, “Will the use of a classroom response system as a tool for formative assessment in the regular physics classroom improve students’ post-test scores in physics?”
The statistical analysis performed on the data brings us to the conclusion that there is no statistical significance between the post-test mean scores of the students who used the classroom response system and those students who did not have access to it in this case.
Recommendations for Further Research

It is recommended that the classroom response systems be used for a longer period of time, preferably during an entire physics unit.  It could also make a difference if there was a bigger sample size by involving the entire regular physics population of the school. 


In line with technology being used as a tool for formative assessment, it is suggested that the lessons be presented in smaller chunks and the use of the classroom response system be more integrated within the lesson.
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Appendices

Appendix I:  Table and Graphs

A. Group A (Control): t-Test Paired Two Sample for Means  
	Group A Control 
	 
	 

	Student Name
	Pre-Test Period 3
	Post-test  Period 3

	1
	2
	8

	2
	10
	12

	3
	3
	14

	4
	7
	15

	5
	3
	6

	6
	8
	8

	7
	5
	10

	8
	7
	9

	9
	6
	12

	10
	5
	2

	11
	6
	11

	12
	9
	13

	13
	6
	15

	14
	3
	11

	15
	5
	11

	16
	2
	11

	17
	8
	11

	18
	11
	12

	19
	7
	10

	20
	8
	11

	21
	4
	6

	22
	12
	12

	23
	5
	9

	24
	4
	8

	25
	10
	15

	26
	9
	7

	Average
	6.346153846
	10.34615385

	Min
	2
	2

	Max
	12
	15

	n
	26
	26


	t-Test: Paired Two Sample

for Means
	VPre-Test
	Post-Test

	Mean
	6.346153846
	10.34615385

	Variance
	7.755384615
	9.515384615

	Observations
	26
	26

	Pearson Correlation
	0.334719567
	 

	Hypothesized Mean Difference
	0
	 

	df
	25
	 

	t Stat
	-6.009252126
	 

	P(T<=t) one-tail
	1.40943E-06
	 

	t Critical one-tail
	1.708140745
	 

	P(T<=t) two-tail
	2.81885E-06
	 

	t Critical two-tail
	2.059538536
	 

	
	
	


B. Group B (Experimental): t-test Paired Two Sample For Means

	Group B Expt
	 
	 

	Student Name
	Pre-Test 
	Post-Test 

	1
	5
	14

	2
	8
	11

	3
	8
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6

	4
	5
	13

	5
	4
	10

	6
	8
	7

	7
	7
	8

	8
	4
	12

	9
	8
	10

	10
	4
	13

	11
	8
	13

	12
	3
	7

	13
	9
	13

	14
	7
	12

	15
	6
	12

	16
	8
	12

	17
	2
	9

	18
	4
	11

	19
	6
	13

	20
	4
	10

	21
	7
	11

	22
	7
	8

	23
	6
	12

	24
	4
	11

	25
	6
	12

	26
	7
	11

	27
	4
	13

	28
	8
	8

	29
	5
	11

	Mean
	5.931034483
	10.79310345

	Min
	2
	6

	Max
	9
	14

	n
	29
	29


B.  Group A and Group B:  Independent Sample t-Test

	Group A

Post-Test
	Group B Post-Test

	8
	14

	12
	11

	 14
	6

	 15
	13

	6
	10

	8
	7

	10
	8

	9
	12

	12
	10

	2
	13

	11
	13

	13
	7

	15
	13

	11
	12

	11
	12

	11
	12

	11
	9

	12
	11

	10
	13

	11
	10

	6
	11

	12
	8

	9
	12

	8
	11

	15
	12

	7
	11

	
	13

	
	8

	
	11


Appendix II:  Classroom Response System Questionnaire

A. Group A (Control)

Name:____________________________ Period:_________________

Directions:  Please answer the following questions about your classroom experience when static electricity was taught in class.

1.  If there was one thing that you remember about (any ideas and concepts) on static electricity what would it be?

2.  Please Describe any classroom demonstrations that you remember from static electricity.

3.  What do you think the teacher could have done to make the topic be more interesting?

4.  If you recall we answered some questions as a review after covering each section.  Has this review helped you understand and correct any of your misconceptions about the topic?  Would using the clicker help you with the review? Please explain your answer.

B. Group B(Experimental)

Name:____________________________ Period:_________________

Directions:  Please answer the following questions about your classroom experience when static electricity was taught in class.

1.   If there was one thing that you remember about (any ideas and concepts) on static electricity what would it be?

2.  Please Describe any classroom demonstrations that you remember from static electricity.

3.  What do you think the teacher could have done to make the topic be more interesting?

4.  If you recall we answered some questions as a review after covering each section.  Has this review helped you understand and correct any of your misconceptions about the topic?  Has the clicker helped you with the review? Please explain your answer.
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t Critical two-tail�
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t-Test: Paired Two Sample for Means�
Pre-Test�
Post-Test�
�
Mean�
5.931034483�
10.79310345�
�
Variance�
3.495073892�
4.598522167�
�
Observations�
29�
29�
�
Pearson Correlation�
-0.092771289�
 �
�
Hypothesized Mean Difference�
0�
 �
�
df�
28�
 �
�
t Stat�
-8.807586423�
 �
�
P(T<=t) one-tail�
7.34052E-10�
 �
�
t Critical one-tail�
1.701130908�
 �
�
P(T<=t) two-tail�
1.4681E-09�
 �
�
t Critical two-tail�
2.048407115�
 �
�
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�
min�
2�
6�
�
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�
max�
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�
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		t-Test: Two-Sample Assuming Equal Variances

				Group A Post-Test 		Group B Post Test

		Mean		10.3461538462		10.7931034483

		Variance		9.5153846154		4.5985221675

		Observations		26		29

		Pooled Variance		6.9177969071

		Hypothesized Mean Difference		0

		df		53

		t Stat		-0.6291858967

		P(T<=t) one-tail		0.2659650576

		t Critical one-tail		1.6741162372

		P(T<=t) two-tail		0.5319301152

		t Critical two-tail		2.0057459487
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		t-Test: Paired Two Sample for Means		Pre-Test		Post-Test

		Mean		6.3461538462		10.3461538462

		Variance		7.7553846154		9.5153846154

		Observations		26		26

		Pearson Correlation		0.3347195667

		Hypothesized Mean Difference		0

		df		25

		t Stat		-6.0092521258

		P(T<=t) one-tail		0.0000014094

		t Critical one-tail		1.7081407452

		P(T<=t) two-tail		0.0000028189

		t Critical two-tail		2.0595385357
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		t-Test: Paired Two Sample for Means		Pre-Test		Post-Test

		Mean		5.9310344828		10.7931034483

		Variance		3.4950738916		4.5985221675

		Observations		29		29

		Pearson Correlation		-0.0927712889

		Hypothesized Mean Difference		0

		df		28

		t Stat		-8.8075864228

		P(T<=t) one-tail		0.0000000007

		t Critical one-tail		1.7011309076

		P(T<=t) two-tail		0.0000000015

		t Critical two-tail		2.0484071147






