Methods
Findings

Conceptual understanding and comfort levels were the two themes that emerged from the analysis of the qualitative and quantitative data.  Quantitative data included pre-test and post-test.  Qualitative data included conceptual exam, student question, student survey and field notes and observations.
Students’ conceptual understanding.


The comparison of the pre-test performance results and post-test performance results showed that 4 out of 5 participants improved performance.  The results of the comparison were statistically significant based on the T-test value
.  See Figure 1.

Figure 1
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There were two issues that resulted in lower performances on the pre-test.  Students did not complete the exam within the given amount of time (one class period) and students made arithmetic errors or did not complete all the calculations.   On the post-test students were able to complete the exam within the class period and students completed all calculations.

Question 9 (see Appendix A) 
on the tests asked students to determine if pairs of points were on the given circle.  All students on the pre-test substituted point B’s coordinates correctly into the given equation and proved that the point was on the circle.  All students correctly substituted point A’s coordinates into the given equation.  1 out of the 5 students proved the point was on the circle.

Correct substitution of both points showed that students understood the association between the points’ coordinates and their respective variables in the given equation.  Proof that the point was on the circle demonstrated an understanding of order of operations and of exponents.  The students on the pre-test who did not show that the point B was on the circle made the calculation error of -32 = -9.  Students continued the calculation following the order of operations.


Students attempted 3 out of 4 questions on the non-calculator performance assessment (see Appendix B) and attempted all questions when allowed a calculator on the same assessment.  See Table 1 for results.  When an attempt was made to calculate the solution without using the calculator, students 
who did not answer correctly were able to set-up up the calculation using an accepted process.  On the performance assessment with the calculator these students repeated a correct process and completed the calculation correctly.  

	Table 1

Percentage correct per item on performance assessments



	Item number
	Correct  performance percentage without calculator
	Correct performance percentage with calculator

	1
	20
	80

	2
	0
	100

	3
	60
	80

	4
	0
	20



Students’ comfort level.


In an anonymous survey (see Appendix C) students were asked to complete the sentence “In algebra class I feel….”  Students responded by circling one of three faces.  The average was determined by assigning each face a number using a scale of 1 to 3 where 1 is an uncomfortable face. The response average was 2.3.  This indicated that students felt more than somewhat comfortable but not quite very comfortable.


Students answered the question “What are you feeling?” immediately after completing the performance assessment without a calculator.  They repeated the process after completing the performance assessment with a calculator.  This was a free write answer.  Students responded to the non-calculator session with words that have negative connotations (see table 2).  Some words indicated a physical change in students.  Students were uncomfortable working on the assessment without the graphing calculator.  The responses had a positive connation when students were allowed to use the graphing calculator (see table 2).  These phrases stated or implied that participants were more comfortable when they were able to check their solutions and answers.
	Table 2

Phrases from “What are you feeling?”

	Student 
	without a calculator
	with a calculator

	T
	“…pretty good I guess except for one question”
	“…good now knowing that my answers are right…I could check them on a calculator”

	X
	“…I have never seen this before…very hard to do it without an calculator”
	“…lot easier with the calculator”

	V
	“I don’t know”
	“…better and easier with a calculator”

	A
	“…stressed out”
	“…calm”

	E
	“…very blink (sic)…don’t know anything because mind is blink (sic)”
	“…more confident because some of my answers are correct”



In-class observations showed that students volunteered to engage in mathematical discourse with table partners and in small groups and explored a variety of ways to solve a problem.  Table 3 lists some examples.  Increased comfort in class was a factor that led to volunteerism and exploration.
	Table 3

In-class observations



	Students
	Observation

	student and X
	correctly explaining the laws of exponents to V

	T
	explained that she could divide a number by four and multiply by 3 to get 75% she then said “I know there is an easier way, can’t I just move the decimal?”  She then checked processes on the calculator and compared the results

	Student and T
	T showed student how to correctly calculate slope

	Student, X, and E
	X and E helping student (missing for over one month) by explaining the process of substitution and simplification. They also showed her how to input a rule into the calculator and get a table (this was not shown in class)


Discussion


Hossain and Robinson (2012) report that if the United States does not motivate students to pursue STEM (science, technology, engineering, mathematics) it is in danger of losing global leadership in these professions.  How can teachers encourage students to enter the STEM professions?  Barber and McCoy (2010) imply that students must experience success in order to avoid dropping out of higher level mathematics classes.  Teachers need to provide opportunities for success and graphing calculators can help provide that necessary success. The data from this study showed free access to graphing calculators helped the participants of this study feel 
successful in the algebra class because student performance sharply increased when given a graphing calculator.  

The performance data is important and directly addresses the original research question.  Two additional important findings came out of the data.  First, these students had conceptual understanding of complex algebraic concepts but found the arithmetic difficult.  This difficulty stopped students from completing problems and in some cases students expressed feelings of physical illness.  The National Academies publication Helping Children Learn Mathematics (2002) states that fluency in solving algebraic problems and providing an explanation for these problems is necessary for algebra proficiency (p. 15).  This study showed that these students were able to correctly explain answers, solutions and concepts and in addition check answers and solutions when given a calculator.  These students were demonstrating algebraic proficiency.  Dewey et al., (n.d.) report 
supports this finding.  Their report states that calculator use can improve problem solving and conceptual understanding.  

The second important finding was that students felt more comfortable when they were able to check their answers and solutions using the calculator.  This increased comfort level gave some students the confidence necessary to explore different methods when solving a problem.     The increased comfort level and subsequent increase in confidence spurred students to help others understand difficult concepts.  Goos et al. (2000) state “Placing graphing calculators in the hands of students gives them the power and freedom to explore….”

Conclusion


In 2014 full implementation of the CCS is expected in my state and 46 other states.  These standards call for a more complex and in depth understanding of mathematics.  Success in each grade depends on mastery of standards in the grade below.  This will not occur until 2022 for 8th grade teachers.  Currently in my school, 8th grade students exhibit poor numeracy skills but need them to complete algebraic problems and understand complex concepts.  The graphing calculator can help fill in the gaps.  The findings of this study showed that the participants knew concepts but were unable to demonstrate this because they could not complete the arithmetic.  The calculator allowed them to finish the calculations.  It empowered them and made them comfortable enough to discuss mathematics with other students and it increased their assessment performance.

The current algebra 1 textbook’s first chapter reviews operations with integers, decimals and fractions.  Each year I struggle with the decision on whether or not to spend one month reviewing/teaching operations instead of spending that time on algebraic concepts.  Based on this study, students will receive free access to graphing calculators on the first day of class and I will begin in Chapter 2.  Last year our school purchased more than $6,000.00 in graphing calculators and I am the only one that uses them.  I will use this study to encourage my 7th grade colleagues to give students access to the calculators so that more students can experience academic success at a younger age.  I also want to continue studying and researching student comfort level and confidence level in mathematics classes because I want to know when these levels begin to wane in students and how it can be prevented. Is there a counter-argument to your argument?  For example, are there researchers/practitioners that think calculators take away from students’ math skills?  If so, it is important to speak to that.  Make sure to also discuss the implications of your study and the limitations.   
Appendix A
THIS IS NOT A MULTIPLE CHOICE QUESTION.  Prove that each point is on the circle.
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Appendix B
Circle the face that best matches how you feel.

	I am good at math.
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	In algebra class I feel
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	I like to answer questions asked by the teacher in math class.
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	I am comfortable asking questions in math if I do not understand something.
	
[image: image12.png]



	
[image: image13.png]



	
[image: image14.png]




	I am comfortable sharing my math ideas with the class.
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	I am comfortable sharing my math ideas with my table partner.
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	I am comfortable sharing my math ideas with small groups.
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Circle your answer.

1.  Which of these best describes yourself as a math student?

	struggling
	okay
	pretty good
	good


2.  Which of these best describes how a friend would describe you as a math student?

	struggling
	okay
	pretty good
	good


Appendix C

	graph the function f(x) = 4x + 2


	 Heidi tries to qualify for a gymnastics team. Qualifying is based on the

average of six event scores. Heidi knows she needs at least a 7.5 average in 

the six events to make the team. Her scores for the first five events are 6.4,

8.0, 8.1, 6.5, and 8.2.

a. What is Heidi’s mean event score for five events?



	Alejandra is selling candy bars for $.85 each.

a. If she sells 20 candy bars, how much does she make?

b. If she sells 50 candy bars, how much does she make?

c. Let c be the number of candy bars Alejandra sells. Let s be her sales in

dollars. Which equation represents the relationship between c and s?

A. c = 0.85(s) B. s = 0.85(c)

C. s = c 1 0.85 D. s = c 1 85
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�Include a p value.


�Figure one is not a t test value.  I think you need to include the t-test results and values.  


�Ensure that this is in proper APA format


�For your final paper, please make sure that your appendices are all listed in proper order and format.


�All?


�I think this is really important so I would consider trying to be clearer in your explanation here. 


�For your final paper make sure all your headings are in APA format


�Excellent table! 


�And was supported by the quant data, right? 


�Great integration of literature with your data explanation. 


�Page? 


�I did not see a discussion regarding the data from these two questions.  If you found no trends, it would be important to mention that. 
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