International Journal of Instruction Article Evaluation Form
___________________________________________________________________________________________________

Mr. /Mrs. Assoc Prof. Sulistyorini
 
It is to acknowledge you that the Executive Committee of International Journal of Instruction has decided that the article mentioned below would be reviewed by you. Thank you very much for your contributions.
	
                Asım ARI
Editor in Chief
Name of the article:  Number Talks Benefit Fifth Graders’ Numeracy
After reviewing the attached article, please read each item carefully and select the response that best reflects your opinion. To register your response, please mark or type in the appropriate block.
             Yes     Partially 	No
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Do you think the title is appropriate?						|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Does the abstract summarize the article clearly and effectively?			|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Are the objectives set clearly?							|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the issue stated clearly?								|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the literature review adequate?							|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the design of the research appropriate, and the exemplary, if any, suitable?		|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the methodology consistent with the practice?					|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Are the findings expressed clearly?							|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the presentation of the findings adequate and consistent?				|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Are the tables, if any, arranged well?						|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Are the conclusions and generalizations based on the findings?			|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Are the suggestions meaningful, valid, and based on the findings?			|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Are the references adequate?							|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the language clear and understandable?						|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is  cohesion achieved throughout the article?					|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the work contributing to the field?						|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Evaluation:	|_| The article can be published as it is.
|_| The article can be published after some revision.
|_| The article must undergo a major revision before it can be resubmitted to the journal.
|_| The article cannot be published.

Would you like to see the revised article if you have suggested any revisions?      |_| Yes     |_| No

Please write your report either on this paper or on a spare paper.

   REPORT
	Section of the Manuscript
	Comments and Notes

	Title- Abstract-Summary 
	[bookmark: Text43]     

	Introduction and Literature Review
	     

	Research Methods
	     

	Research Findings 
	     

	Discussion 
	     

	Conclusion and Suggestions
	     

	References and Citation
	     

	Language
	     

	Other issues
	     



[bookmark: _GoBack][image: Kalem_2]International Journal of Instruction Article Evaluation Form
___________________________________________________________________________________________________

Mr. /Mrs. Assoc Prof. Sulistyorini
 
It is to acknowledge you that the Executive Committee of International Journal of Instruction has decided that the article mentioned below would be reviewed by you. Thank you very much for your contributions.
	
                Asım ARI
Editor in Chief
Name of the article:  Number Talks Benefit Fifth Graders’ Numeracy
After reviewing the attached article, please read each item carefully and select the response that best reflects your opinion. To register your response, please mark or type in the appropriate block.
             Yes     Partially 	No
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Do you think the title is appropriate?						|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Does the abstract summarize the article clearly and effectively?			|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Are the objectives set clearly?							|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the issue stated clearly?								|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the literature review adequate?							|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the design of the research appropriate, and the exemplary, if any, suitable?		|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the methodology consistent with the practice?					|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Are the findings expressed clearly?							|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the presentation of the findings adequate and consistent?				|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Are the tables, if any, arranged well?						|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Are the conclusions and generalizations based on the findings?			|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Are the suggestions meaningful, valid, and based on the findings?			|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Are the references adequate?							|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the language clear and understandable?						|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is  cohesion achieved throughout the article?					|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Is the work contributing to the field?						|_|	|_|	|_|
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Evaluation:	|_| The article can be published as it is.
|_| The article can be published after some revision.
|_| The article must undergo a major revision before it can be resubmitted to the journal.
|_| The article cannot be published.

Would you like to see the revised article if you have suggested any revisions?      |_| Yes     |_| No

Please write your report either on this paper or on a spare paper.

   REPORT
	Section of the Manuscript
	Comments and Notes

	Title- Abstract-Summary 
	[bookmark: Text43_0]it is necessary to explain at a glance the mean of the number of samples used in this study. Research questions, research objectives, theoretical and practical implications and study suggestions for other researchers

	Introduction and Literature Review
	the sensing of the problem has not been discussed yet in this introduction, the purpose of the study and the less detailed questions. have not considered the reasons for doing this research because of the inequality of doing. there was a repetition of quoting the same thing as well as content, asking directly to the main opinion support at page 6 first paragraph for suporting what and what the different support from page 6 and page 10. Number Talks, PBL, experiential learning method  how the logic of the three works to improve students' mathematical abilities or only one of the three. explain as a conclusion, what position is contained in learning as well.what combination learning methods the researcher chooses later should be emphasized in the theoretical foundation.

	Research Methods
	it is best to explain the stages during class, and the learning plan used in the control group and the experimental group in detail. in the method section the author should write what is done in the field and write what is done, no longer write what is done by someone else or another author.

	Research Findings 
	Research question author are : Will practicing mental math strategies through Number Talks improve students’ flexibility? Will students become more accurate after practicing mental math strategies through Number Talks?Will students solve mental math problems with greater speed after practicing mental math strategies through Number Talks? ..... statement in relevance whit result
which one is used? if there are 3 research questions then the research results should also be 3 and so on. if the results do not need to be in the form of questions but are immediately replaced by statements.

	Discussion 
	there was a repetition of quoting the same thing as well as content, asking directly to the main opinion support at page 6 first paragraph for suporting what and what the different support from page 6 and page 10. again PBL or Number talks become a learning method or PBL is the main focus of research, that is the subject of the discussion section. research needs to be revealed novel theoretical and practical implications of this research such as whether so that it can be used as a suggestion for researchers in the future

	Conclusion and Suggestions
	please adjust it to the research question

	References and Citation
	     

	Language
	need proof reading

	Other issues
	     



Number Talks Benefit Fifth Graders’ Numeracy
This researcher has been greatly distressed, as fifth graders year after year have disregarded mental math strategies for the standard algorithm. Mathematically proficient students should be flexible, efficient and accurate when solving mental calculations. This article contends that Number Talks practiced two days a week, benefits numeracy in fifth graders during a six-week cycle.  In this Triangulation Mixed-Methods Design, data was collected that included pretest- posttest same test combined with an interview where the participants explained the strategies they used.  The mean showed a greater improvement in the treatment group, however, paired-samples t-tests results indicated flexibility and accuracy did not show a significant difference, but speed did incur a significant improvement.  Additionally, students increased in their confidence when solving mental calculations.  Moreover, an additional survey showed greater flexibility in the treatment group at the cycle’s end.  Number Talks, therefore may increase students’ numeracy in the strand of efficiency. Researchers need to further study the degree practice through Number Talks improves numeracy in fifth graders.	Comment by Windows User: in the abstract it is necessary to include research questions, research results, theoretical and empirical implications
Keywords: Number Talks, Mathematics, Strategies, Addition, Mental Math, Discourse 
INTRODUCTION
 A shocked look registered across her face as her mouth fell agape.  Disbelieving eyes slowly shifted to acceptance as the student used her pointer finger to solve mentally a three-digit addition problem.  She wrote invisible numbers aligned while her head started to bob as she laboriously calculated and rechecked.  In the past, students in elementary school learned math by memorizing addition calculation steps.  Standards for Mathematical Content, published in 2010 stated mathematically proficient students should be able to solve a problem using a strategy that fits it and be able to use various methods accurately and efficiently to calculate a problem (CCSSI, 2010). This study’s focus was to increase number sense in fifth graders when using addition due to students solely using the standard algorithm to solve addition problems.  In the earlier years, students add and subtract within 100 using different mental math strategies based on place value and the relationship between subtraction and addition (CCSSI, 2010).  As this author was working with fifth graders on mental math, almost every student had abandoned mental math strategies faithfully taught in the lower grades for the standard algorithm. Students wrote the numbers down using their finger while imaging the number in order to compute using the standard algorithm.  They were not flexible in their thinking, and they did not use streamlined mental computation. Students described lining up the digits and carrying in their heads.  It was the hope of this author that practicing mental math strategies through Number Talks, students would become more accurate and flexible thus improving their numeracy.  
 This research attempts to investigate the impacts on fifth graders’ numeracy when they are practicing and sharing addition mental math strategies during a number discussion precipitated by a problem in context. The study’s goal is to find a correlation between practicing mental math strategies using Number Talks and numeracy.  Will practicing mental math strategies through Number Talks improve students’ flexibility?  Will students become more accurate after practicing mental math strategies through Number Talks?  Will students solve mental math problems with greater speed after practicing mental math strategies through Number Talks? Note speed was a test for fluency.
REVIEW OF LITERATURE
 In search of improving numeracy in fifth graders, the researcher drew upon the works of the early childhood scholar Ann Heirdsfield whose work in developing computational strategies can be used as a framework of how Number Talks can be used to improve numeracy in fifth graders Heirdsfield (2005).  Much of the research focused on teaching preservice teachers numeracy skills, but it is critical elementary students utilize high levels of numeracy. This literature review first examines creating flexible thinkers. Next, the research presented explores explicit instruction and experiential learning.  Finally, the review of literature will present ways to provide practice. 
According to the Common Core State Standards (CCSSI, 2010), mathematical proficiency is a universal goal.  Students must understand concepts and be flexible when choosing procedures. Under the category, Model with Mathematics, students should choose an efficient as well as appropriate model.  This means students should approach any given problem with various ways to solve it, reason through the different strategies and solve the problem accurately and efficiently.  If a student only uses the standard algorithm, this proficiency is not fostered (Erdem, 2016; Gürbüz & Erdem, 2016).   Additionally, according to the CCSSI (2010), mathematically proficient students can analyze problems and break the numbers into parts.  Numeracy, having good number sense and the ability to compute mentally using number knowledge and their place values, is an essential tool in achieving these goals.  When a student has developed sufficient number sense they are flexible in their thinking and can access various strategies while computing; they are flexible, accurate and efficient (Erdem, 2016; Gürbüz & Erdem, 2016; Hinton, Stroizer, & Flores, 2015).Studying children’s numeracy progression is important.  In kindergarten through grade two, students learn many number sense strategies such as “make a ten” and compensation.  In grade three, students begin using the addition algorithm, the paper pencil method lining up the numbers horizontally one above the other with the columns lined up according to their place value. This strategy is inefficient because it does not aid calculation by drawing from different strategies (Erdem, 2016; Gürbüz & Erdem, 2016). By the time students enter fifth grade, they have been using the addition standard algorithm for two years and mental math skills have diminished. When students stop practicing mental math, skills deteriorate (Olsen, 2015).
Numeracy aids mental calculation in adulthood (CCSSI, 2010).  In order to be confident in mathematical skills as well as making correct calculations in day-to-day situations, students need to be able to calculate mentally.  Early educators spend numerous classes working on numeracy, however, once the algorithm is introduced, many students use the standard algorithm as their go-to strategy (Al Mutawah, 2016).   They need to learn at a deeper level and choose an efficient calculation strategy (Erdem, 2016; Gürbüz & Erdem, 2016; Varol & Farran, 2007). 
As they move through their education, students develop mental math strategies. Young children show their mathematical flexibility when counting.  They begin counting one by one.  Later they learn counting in a shortened method, such as using whole groups of fives or tens.  Older elementary students and adults manipulate the numbers in an efficient and accurate way   (CCSSI, 2010; Humphreys & Parker, 2015).
Some of the addition mental math strategies students use are: doubling, make a ten, decomposition, sequencing and compensation. Doubling is a strategy where the computation relies on the known double of numbers.  Make a ten is a strategy in which students know many combinations to make a ten.  This helps students reason out other addition problems such as eighteen plus twelve. Practicing the decomposition strategy (sometimes called split up strategies) teaches students to take a number apart and to add or subtract it to another number. For example, 7, 825 could be decomposed to its place values 7,000, 800, 20, and 5. Additional strategies for mental math computation are sequencing and compensating.   In sequencing, one of the numbers in the calculation is retained as it appears and portions of the other number are added on.  For example, 345 + 75 could be calculated as 345 + 70 +5 or 345 + 25 +50. Compensating occurs when two numbers are being added, but one number is made larger for calculation ease, and then the extra is taken off at the end to compensate.  For example, 47 + 39 can be added as 47 +40 = 87, then subtract the 1 for the answer 86.  Multiple studies have shown flexible thinking in students using these strategies. In one study, (Nursyahidah, Ilma, & Somakim., 2013) first grade students used the make a ten and doubling strategies.   In other studies, (Al Mutawah, 2016; Chen & Bofferding, 2017; Rathgeb-Schnierer & Green, 2017;  Whitacre, 2014)  thinking flexibility was measured by the ability to decompose, transform a problem, and add mentally without relying on the standard algorithm.
Explicit Instruction
In a study done to improve preservice teachers’ ability to understand and use mental math strategies, Al Mutawah, (2016) found the more preservice teachers practice, the more easily they were able to calculate using different mental math strategies throughout each day.  In the end, 39% of the problems were solved using make a ten, 25% were using compensation, 38% were partitioning, 28% were solved using sequencing, and only 2% used the standard algorithm. This is significant because the baseline information showed the majority (72%) used the standard algorithm. The researcher used a mixed method grounded theory study and a simple time-series. Through three cycles over a nine-week period, 47 preservice teachers learned through explicit instruction and increasingly used the mental math strategies.  The preservice teachers were given quizzes at three stages, participated in interviews and were observed.  The majority of the preservice teachers were using the mental math strategies toward the end of the study.  This study supports explicitly teaching mental math calculations.
Similarly, Whitacre (2014), used a one group pretest-post-test approach to study preservice teachers become more flexible in whole number thinking as a result of explicit strategies instruction.  The seven preservice teachers’ flexibility levels consisted of: inflexible, semi-flexible or flexible.  The baseline data showed five of the seven participants were inflexible thinkers.  Only one teacher remained dependent on the standard algorithm by the semester’s end.  The other six participants became more flexible in their thinking. (Whitacre, 2014).  Both studies show practicing mental math strategies even after learning the standard algorithm is necessary.
Experiential Learning
One grounded theory study, conducted by (Nursyahidah, et al., 2013), shows 33 first grade students learned by experience rather than by being explicitly taught.  After the students had already learned the make a ten strategy with counters, they used real world problems to solve using numbers to twenty.  Through play, they discovered how to move from informal counting (counting one by one) to formal levels using the strategies learned previously to make a ten. This study also included a traditional game called Dakocan consisting of a board with two sets of seven holes and 98 shells.  The first graders came up with strategies such as doubles plus one, make a ten, and compensation. This supports experience and discovery rather than explicit strategy teaching. Additionally, students should be encouraged to discover their own computation strategies because this is a higher thinking skill Erdem (2016).  
Additionally, the experiential learning method was the style used to understand the effect of Problem Based Learning (PBL) as compared to direct instruction.  In this quasi-experimental study, two fifth grade groups in Bandung learned using two different approaches.  They took a test determining mathematical literacy.  The literacy reliability was (ᴘ= 0.785). Students taught using PBL with meaningful problems significantly outperformed with an average difference of .19 increase in mathematical literacy, those who learned using only direct instruction (Fery, Wahyudin, & Tatang, 2017).
Some studies show combining explicit teaching with PBL in the form of Number Talks also supports flexible thinking.  Number talks are discussions within a classroom where the students all come up with numerous ways to solve the problem.  The teacher runs the discourse in a purposeful way. Boonen, Kolkman, & Kroesbergen (2011) conducted a grounded theory study to see how kindergarteners grow in their mathematical skills because of how the teachers talk during a discussion. The 251 Dutch kindergarteners were all similar in their socioeconomic status as well as the visuospatial memory.  The students performed number sense tasks. After the students engaged in math talks, teachers’ math talks positively affected: measuring, counting skills, quantity comparison, number naming and cardinality.  Additionally, the teachers’ talk regarding numbers used for date, time and age had a positive effect. A negative relationship was found in: ordering, math talk diversity, number symbols and calculations. This study did not strongly suggest Number Talks were the best of both worlds, but there was some promise. The study’s authors suggested the calculation tasks were too difficult for kindergarteners. 
Heirdsfield (2005) conducted another experiential learning experience. This case study included thirty eight year olds from Brisbane.  In this ten-week study, lessons in strategies were the focus.  However, the subjects were encouraged to solve mental addition and subtraction computations, but the students also discussed the strategies developed.  The study results were positive.  The instructor noted her students were more positive and excited than they were in lessons not using this method. The students showed greater number sense by using and discussing numbers in a more flexible way.  When reintroduced to the algorithm, students were able to use this strategy with understanding rather than going through memorized steps. 
Ways to Present Practice
How teachers talk in discourse also is important. Chen & Bofferding (2017) discovered some important talk moves were forgotten in their grounded theory study.  Fourteen preservice teachers taught using discourse. They revoiced (the teacher restates what was just said) and pressed (the teacher asks the student to support their reasoning), but they forgot to ask the students to reason and orient (asking others to contribute to a student’s strategy or thinking) themselves. Students needed to reevaluate how they obtained their answer, but the participants in the study did not encourage this. The number talk must be purposeful and enhance reasoning as well as teach strategies.
Information learned in a combined experimental and ex post facto design study revealed practice should be based on specific, instructional, evidence based strategies (Fery, Wahyudin, & Tatang, 2017; Hinton, et al., 2015).  Two parallel sets of problems were tested on 78 students in second and fourth grade.  One set assessed accuracy, and the other assessed strategy choice. 
In addition, one needs to take into consideration students’ visual memories when designing an intervention.  Children used decomposition strategies 55% of the time.  They used counting-on (counting from a given spot rather than recounting all) 26% and other strategies 20%. This strategy was found to be positively correlated to arithmetic accuracy (ᴘ=.23).  It mediates the relationship between short-term visual spatial memory (VSM) and arithmetic accuracy (Foley, Vasilyeva, & Laski, 2016). The researchers found when students had stronger VSM they did better in computation than those with a lesser VSM. When students used decomposition, the students were more accurate. 
The current state of the literature supports producing students with good number sense.  This article contends Number Talks aide in increasing numeracy in fifth graders because students use more strategies to show flexible thinking, tackle the mental math problems with more confidence, are more accurate and significantly solve math problems faster.
METHOD
This study occurred in a rural, elementary, public school in southeastern Wisconsin. Twenty-two students were in both the experimental class and the control. The author analyzed the MAP (universal screener) data from the experimental group and the control group each consisting eighteen students.  The categorized data were according to three naturally separated ranges.  The below benchmark group included three students who scored 210 or below; three students who were in the benchmarked range were from 211-215, and three students scoring in the above the norm range scored from 216 and above range.  
The pre and posttests were one-step whole number mental addition story problems. The use of context was in accordance to the findings of Fery, et al., (2017).  Students solved problems mentally and then described their thinking.  Next, students solved four specific problems.  The same story structure was used for each problem with different numbers substituted into each problem.  The number pairs were carefully selected to encourage efficient strategy selection.  For example, numbers for addition were selected if they needed regrouping.  They were also put in a particular order so one question did not influence how students approached subsequent problems.  Students then took part in an additional paper and pencil survey at the study's end to solve the story problems using as many different strategies as they could.    
All interviews were videotaped and audiotaped.  In order to avoid interference with short-term memory, the numbers were in written form (Foley, et al., 2016). Participants solved the problems using mental math and explained specific strategies used.  A third party individual reviewed and rated this information.
The experimental group participated in Number Talks two days a week, twenty to thirty minutes each lasting six weeks.  The students gathered on a carpet in front of a Smart board where they solved numerous addition mental math problems.  The number combinations were adapted from, Humphreys & Parker (2015). When students had an answer, they indicated with a finger.  If they had another strategy, students raised a second or third finger to indicate how many strategies they could explain.  When all students had an answer, the participants were called on to explain the method used. The instructor took into account the works of Chen & Bofferding (2017) and used revoicing and pressing techniques, as well as asking students to reason and orient their thinking.   After the session, a discussion ensued debating the strategy’s efficiency.  If the answer was inaccurate students explained where the problem went wrong.  Each session was video/audiotaped, a journal was kept, and the Smart slides used were saved.  The results showed the students in the experimental group solved the mental math problems faster, more accurately and used more varied strategies than those in the control group.  The results indicate Number Talks may help increase number sense in fifth graders. 
The purpose of this study was to discover if accuracy, flexibility and speed would increase after practicing mental math strategies through Number Talks. The data collected was pretest- posttest same test combined with an interview where the participants explained the methods they used to solve the problems (Mertler, 2017).  This research used both quantitative and qualitative data in order to compare two groups’ test results and to determine the participants’ thinking.  Whitacre (2014), developed and used a flexibility scale, based off the work of Heirdsfield & Cooper (2004).  This scale categorized the degree of flexibility a student used to solve problems.  Randomly chosen students from a fifth grade pool scored below the norm, within the normed range and above the norm (three students from each category) on the MAP universal screener.  The test group used the same random selection. The students were categorized as flexible, semi flexible or inflexible thinkers based off the pretest, posttest and the ending survey.  A second rater categorized students using the videos.  Both raters agreed on the flexibility levels assigned to each student.
Flexible mental calculators choose their strategy based on efficiency (Rathgeb-Schnierer & Green, 2017). Three or more strategies may be used. Semiflexible –some choices made based on the numbers in the problem (those who used two valid strategies) Inflexible- use one go to strategy such as the standard algorithm.
The author conducted two identical assessments on each group.   The first test included a before and after the intervention assessment consisting of the same four addition questions in story context.  The interviews were recorded so the researcher and the interrater reviewer could assess the strategies the participants used. Four identical problems in context were administered to each student who then explained the mental calculation method.  The calculation time and answer accuracy were recorded. 
Both groups took an additional assessment consisting of the same questions from the interview.  In this assessment, students solved the problems (using paper and pencil) in as many ways as they could.  Only the correct answers were included in this data.  The author used this additional measurement tool to help determine flexibility in student computation.  The mean comparing the control to the experimental comparing accuracy, flexibility and speed as well as any possible T tests were calculated.
RESULTS
The first analysis focused on the research question: will practicing mental math strategies through Number Talks improve students’ flexibility of thinking?  A paired-samples t-test comparing the treatment group showed growth. The flexibility value was 1.735 showing an insignificant growth from pretest (M= 0.17, SD =.35) to posttest (M=.39, SD= .44); t =1.735, p=.05. Therefore, the hypothesis stating a significant difference between the pretest and posttest flexibility responses was rejected.  Additionally, when comparing the control group results, the paired-samples t-test showed the value was zero.  The pretest scores (M= 0.06, SD =.17) to posttest (M=.06, SD= .17); t =0, p=.05 also did not show a significant difference between them.   A greater growth in the treatment group incurred when comparing the treatment group to the control group.
Table 1	
Paired Samples Showing Treatment Groups’ Flexibility, Accuracy and Speed
	
	
	Mean
	N
	SD
	t
	p

	Pair 1
	Pretest Flexibility Interview
	.17
	9
	.35
	-1.74
	.05

	
	Posttest Flexibility Interview
	.39
	9
	.44
	-1.74
	.05

	
Pair 2
	Pretest Accuracy
	.36
	9
	.42
	-1.49
	.05

	
	Posttest Accuracy
	.56
	9
	.17
	-1.49
	.05

	Pair 3
	Pretest Speed
	72.69
	9
	29.77
	4.11
	.05

	
	Posttest Speed
	41.92
	9
	32.5
	4.11
	.05


The second analysis using a paired-samples t-test focused on the question: will practicing mental math strategies through Number Talks improve students’ accuracy?  A paired-samples t-test showed the treatment group t =-1.49, p=.05.  The pretest (M= 0.36, SD =.42) to posttest was (M=.56, SD= .17).  The hypothesis stating a significant difference between the pretest accuracy responses and the posttest accuracy responses was rejected.  In addition, when comparing control group results, the paired samples t-test showed the value 1.049.  The pretest (M= 0.75, SD =.48) to posttest (M=.59, SD= .27); t =1.049, p=.05.  This also did not show a significant difference between them. The treatment group showed greater growth than the control group.
The final paired-sample t-test addressed the question, will practicing mental mathstrategies through Number Talks improve students’ speed?  A paired samples t-test comparing the treatment group showed significant growth. The t value was 4.108, p=.05 showing a significant growth from pretest (M= 72.694, SD =29.77) to posttest (M=41.92, SD= 32.5). Therefore, the hypothesis stating a significant difference between the pretest speed responses and the posttest speed was not rejected.  Additionally, when comparing the control group results, the paired-samples t-test showed the value was .3939.  The pretest (M= 55.17, SD =18.25) to posttest (M=60.92, SD= 45.55); t =-0.339, p=.05.  This does show a significant difference between the treatment group as compared to the control group in the speed strand. Results indicated in the table above.
The final paired-sample t-test addressed the question: will practicing mental math 
Table 2
Mean Comparison of the End Survey Showing Ways to Solve Addition Problems (Flexibility)
	
	Experimental Mean
	Control Mean
	Change Experimental to control

	Problem 1
	3.44
	1.22
	2.22

	Problem 2
	3
	1.22
	1.78

	Problem 3
	3.22
	1.22
	2

	Problem 4
	2.88
	1.22
	1.66

	Mean
	3.14
	1.22
	1.92


The final analysis was an additional paper and pencil test to determine the research question:  Will practicing mental math strategies through Number Talks improve students’ flexibility of thinking?  This analysis determined the mean of the amount of ways a student accurately calculated the same four addition problems in the pretest and posttest at the intervention cycle’s end.  The results showed those in the treatment group had a mean of 3.14 solution strategies for the four problems.  The control group had a mean of 1.22 solution strategies.  The treatment group solved the problems an average 1.92 ways more than the control group. Results indicated in the table below.
DISCUSSION
This research determined explicit instruction through peer-generated discussions that include aspects of experiential learning have improved the numeracy of fifth graders in two of the three categories tested.  Number Talks create a setting where students can both learn explicitly from their peers as well as experience using the numbers in different strategies. 
The results of the current study were not conclusive in the area of flexibility.  Students in both groups held tightly to the standard algorithm in the oral interview.  Results show some improvement in the number of strategies used from the pretest to the posttest in the treatment group, but it was not significant (t=1.74). Likewise, no improvement in the control group was noted (t=0).  However when the paper pencil survey was analyzed, results showed a much greater improvement in flexibility in the treatment group over the control group.  The mean showed 3.14 strategies to solve the problems in the treatment group with only 1.22 strategies used to solve the problems in the control group.  This supports the findings of many researchers, however only some of those studies included elementary aged students. 
Al Mutawah (2016) provides additional support of explicit instruction. The increased practice of explicitly taught strategies showed significant improvement from the baseline information showing 72% of the problems solved used the standard algorithm initially, but after the treatment, only 2% of the problems were solved solely with the standard algorithm, which shows a dramatic increase in flexibility. 
Similarly, Whitacre (2014) found an increase in flexible thinking amongst pre-service teachers who learned strategies explicitly.  The Baseline data improved from two flexible thinkers to six flexible thinkers of the seven participants who were able to use place value and compensation strategies over a semester’s time.
Another explicit instruction study was done with five children ages four through seven. Hinton, et al. (2015) used a collective case study; children were provided explicit instruction lasting two weeks.  The students learned various counting techniques to help them recognize dots without counting them.  They learned one-to-one counting (resultative counting) and to count on.  The study supports using explicit instruction of mental math strategies for flexible thinking. Four of the five students began at zero sets of resultative counting and ended at five or six sets of resultative counting.  One student grew from three to all six sets counted using resultative counting.  Although this study showed explicit instruction had a positive impact on numeracy, it had very few participants and further studies are needed to investigate two like groups conducting an experimental design to see comparisons to other instructional types.
Some studies show teaching the strategies directly or explicitly produces positive results in flexible thinking, other studies support the opinion strategies should be experienced to promote flexible thinking. The students in the current study not only learned explicitly, but they also improved due to the discussion experience.  Students were motivated to work on different strategies and explain them to their peers who listened intently and came up with their own strategies to solve problems.  The students showed improvement in flexibility of thinking as well as accuracy. One study, conducted by (Nursyahidah, et al., 2013), shows 33 first grade students learned by experience rather than explicit instruction.  The first graders came up with strategies such as doubles plus one, make a ten and compensation to use with the numbers from ten to twenty. This supports the findings students should experience and discover rather than be taught explicitly. Additionally, students should be encouraged to discover their own computation strategies because this is a higher thinking skill (Erdem, 2016).  
Additionally, another experiential learning study to understand the effect of PBL as compared to direct instruction. Two fifth grade groups in Bandung learned using two different approaches.  Students taught using PBL with meaningful problems significantly outperformed with an average difference of .19 increase in mathematical literacy, comparing those taught using only direct instruction (Fery, Wahyudin, & Tatang, 2017).
Just as the current study has found, so too Heirdsfield (2005) found students showed a flexibility in number calculation.   She conducted a ten-week case study with thirty eight year olds from Brisbane. The subjects were encouraged to solve mental addition and subtraction computations while the teacher engaged the students in strategy related discussions.  The students engaged in strategic thinking when they explained their reasoning and analyzed what fellow students used to solve the computation.  Just as in the current study, the students were more positive and excited than they were in lessons not using this method.  In addition, the students showed a greater number sense using and discussing numbers in a more flexible way. 
The sub category in the current research was directed at improvement in accuracy.  The students were not significantly more accurate in the treatment group (t=1.50), but they were more accurate than the control group (t=1.05).  A study including 60 third year students in Brisbane showed flexible thinkers were more accurate because they knew their number facts, which helped the way they computed numbers.  Some students applied their math facts skills to the mental computation of larger numbers (Heirdsfield, A.,  & Cooper, T. J. 2004). This suggests accuracy has more to do with accurate fact recall than practicing strategies.  This enlightens the findings in the current study. Perhaps the study should have categorized groups using math facts skill levels instead of solely using MAP data to keep the groups similar. 
The final sub category studied was the speed or fluency.  In the current study growth in speed was significant (t=4.11) as compared to the control group which only had a t- score of 0.34. This researcher was unable to find any current studies addressing the problem solving speed.  Perhaps this is because recent emphasis is on being a flexible thinker who chooses efficient strategies to best solve a problem.  What is important is the reasoning and thinking behind the calculation.  However, one can attempt to draw some conclusions from mental calculation speed.  When questioned about how they reached their answer, the students most often used the standard algorithm.  Consequently, one can say they were faster, but they cannot say it was due to increased fluency.  However, one could surmise students were more comfortable calculating in their head and the practice they received during the intervention helped them to add more quickly. Knowledge of the students’ math facts abilities would have been beneficial.      
CONCLUSIONS
This researcher strives for a day when a fifth grade student confidently looks the questioner in the eye, manipulates the numbers and proudly states the correct answer to a three-digit addition problem.  Some studies support teaching the strategies explicitly to improve flexibility in thinking (Al Mutawah, 2016; Foley, et al., 2016; Hinton, et al., 2015; Whitacre, 2014), while others support strategies in context (Fery, Wahyudin, & Tatang, (2017).; (Nursyahidah, et al., 2013).  Problems should be presented in context using real word type problems. One way to do this is through Number Talks (Boonen, et al., 2011) that generate discussions on strategies and promote reasoning as long as the teacher fosters the reasoning during the discussion (Chen & Bofferding, 2017; Heirdsfield, 2005).
This article contends Number Talks aide in increasing numeracy in fifth graders because students use flexible thinking strategies, tackle the mental math problems with more confidence, are more accurate and significantly solve math problems faster.
It is unclear if practicing mental math strategies through Number Talks improve students’ flexibility of thinking.  Although the paired samples results suggest the students do not significantly improve in flexibility, when tested using mental math a positive relationship was noted. Furthermore, the results may suggest the importance of taking into account the method in which the flexibility of students is tested.  The treatment group students did outperform the control group when they solved the problems using as many strategies as they could when using pencil and paper.  It is also not evident if practicing mental math strategies through Number Talks improve students’ accuracy.  The accuracy showed some growth but not statistically significant. In addition, the control group showed a negative relationship not statistically strong enough to show regression.  Practicing mental math strategies through Number Talks may improve students’ speed, which showed a significant statistical relationship.  Therefore, further research is needed to see if practicing mental math strategies through Number Talks will improve numeracy in fifth graders.  Students in fifth grade had solidified their preferences in mental calculation strategies.  They did not appear to spend time evaluating various possible strategies before trying to solve the problem.  Perhaps the Number Talks should include an emphasis on evaluating strategies stage.  Further studies on third and fourth graders would be very helpful in determining when this preference solidifies in order to assist student flexible thinking.
The pretest and posttest experimental group interviews show other positive outcomes not formally tested.  Students were much more relaxed during the posttest interviews. One student during the pretest interview said, “I don’t know,” after he had given his answer. This suggested a lack of confidence.  The same student answered all posttest questions much more confidently than his pretest interview.  The treatment students did not rely on writing the numbers in the air with their fingers as they often did on the pretest, which would suggest students had increased their ability to hold numbers in their brain as well as greater comfort and confidence levels. Whereas the students in the control group generally pointed and used their fingers in both the pre-interview and the post interview.  The fact speed showed a statistical improvement in the treatment group could also help show this improved mental capacity.  In addition, those in the treatment group did not look shocked at what the mental math problems involved.
This researcher saw the impact on student learning as well as determined what aspects make up improving numeracy.   In the future, Number Talks in this researcher’s classroom will be helpful in teaching students thinking flexibly in all four operations as well as a tool for slowing down and analyzing mathematical relationships students seem to be having difficulty grasping. 
LIMITATIONS AND DIRECTION FOR FUTURE RESEARCH
One limitation was the author was also the teacher. The current study also had a small sample size and was conducted over a short time frame.   Analyzing settings across multiple grade levels would have provided a more accurate picture.
One area to improve is increasing the weeks from six to eight.  More time could then be spent talking about efficiency of the calculation strategies.  In this manner, students would practice those important planning steps.  Another improvement to the study may be to implement other practice methods in addition to Number Talks such as number circles and games.
Other research suggested from the results of this study may be to study beginning fourth graders rather than fifth graders.  During fourth grade, students apply all strategies learned in third grade. If students at this age level continue to practice mental math methods, they may enter fifth grade more equipped to make decisions about the best way to solve a problem when adding. Another study one might conduct is studying how the increase in the number sense boosts math confidence and students’ willingness to persevere and take on new math challenges.   More studies are also needed to study the fluency and accuracy in flexible thinking students.
Another area to be investigated is the way the algorithm is presented in the classroom and how it is reinforced at home.  Many parents are relieved when their child learns the algorithm.  This could affect the child making them somehow think the algorithm is the best way to solve problems.       
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[bookmark: _gjdgxs]Number Talks Benefit Fifth Graders’ Numeracy
This researcher has been greatly distressed, as fifth graders year after year have disregarded mental math strategies for the standard algorithm. Mathematically proficient students should be flexible, efficient and accurate when solving mental calculations. This researcher set out to find out how fifth graders' mental math practice improved their numeracy. The questions addressed included how students improved in flexibility, accuracy and speed. This should inform the practice of teachers to help better our numeracy of our students. This article contends that Number Talks practiced two days a week, benefits numeracy in 22 fifth graders during a six-week cycle.  In this Triangulation Mixed-Methods Design, data was collected that included pretest- posttest same test combined with an interview where the participants explained the strategies they used.  The mean showed a greater improvement in the treatment group, however, paired-samples t-tests results indicated flexibility and accuracy did not show a significant difference, but speed did incur a significant improvement.  Additionally, students increased in their confidence when solving mental calculations.  Moreover, an additional survey showed greater flexibility in the treatment group at the cycle’s end.  Number Talks, therefore may increase students’ numeracy in the strand of efficiency. Researchers need to further study the degree practice through Number Talks improves numeracy in fifth graders.	Comment by toshibs: it is necessary to explain at a glance the mean of the number of samples used in this study. Research questions, research objectives, theoretical and practical implications and study suggestions for other researchers
Keywords: Number Talks, Mathematics, Strategies, Addition, Mental Math, Discourse 
INTRODUCTION
A shocked look registered across her face as her mouth fell agape.  Disbelieving eyes slowly shifted to acceptance as the student used her pointer finger to solve mentally a three-digit addition problem.  She wrote invisible numbers aligned while her head started to bob as she laboriously calculated and rechecked.  In the past, students in elementary school learned math by memorizing addition calculation steps.  Standards for Mathematical Content, published in 2010 stated mathematically proficient students should be able to solve a problem using a strategy that fits it and be able to use various methods accurately and efficiently to calculate a problem (CCSSI, 2010). This study’s focus was to increase number sense in fifth graders when using addition due to students solely using the standard algorithm to solve addition problems.  In the earlier years, students add and subtract within 100 using different mental math strategies based on place value and the relationship between subtraction and addition (CCSSI, 2010).  As this author was working with fifth graders on mental math, almost every student had abandoned mental math strategies faithfully taught in the lower grades for the standard algorithm. Students wrote the numbers down using their finger while imagining the number in order to compute using the standard algorithm.  They were not flexible in their thinking, and they did not use streamlined mental computation. Students described lining up the digits and carrying in their heads.  It was the hope of this author that practicing mental math strategies through Number Talks, students would become more accurate and flexible thus improving their numeracy.  
 This research attempts to investigate the impacts on fifth graders’ numeracy when they are practicing and sharing addition mental math strategies during a number discussion precipitated by a problem in context. The study’s goal is to find a correlation between practicing mental math strategies using Number Talks and numeracy.  Will practicing mental math strategies through Number Talks improve students’ flexibility, accuracy, and speed after practicing mental math strategies through Number Talks? Note speed was a test for fluency.	Comment by toshibs: the sensing of the problem has not been discussed yet in this introduction, the purpose of the study and the less detailed questions. have not considered the reasons for doing this research because of the inequality of doing.
REVIEW OF LITERATURE
 In search of improving numeracy in fifth graders, the researcher drew upon the works of the early childhood scholar Ann Heirdsfield whose work in developing computational strategies can be used as a framework of how Number Talks can be used to improve numeracy in fifth graders Heirdsfield (2005).  Much of the research focused on teaching preservice teachers numeracy skills, but it is critical elementary students utilize high levels of numeracy. This literature review first examines creating flexible thinkers. Next, the research presented explores explicit instruction and experiential learning.  Finally, the review of literature will present ways to provide practice. 
According to the Common Core State Standards (CCSSI, 2010), mathematical proficiency is a universal goal.  Students must understand concepts and be flexible when choosing procedures. Under the category, Model with Mathematics, students should choose an efficient as well as appropriate model.  This means students should approach any given problem with various ways to solve it, reason through the different strategies and solve the problem accurately and efficiently.  If a student only uses the standard algorithm, this proficiency is not fostered (Erdem, 2016;Gürbüz &Erdem, 2016).   Additionally, according to the CCSSI (2010), mathematically proficient students can analyze problems and break the numbers into parts.  Numeracy, having good number sense and the ability to compute mentally using number knowledge and their place values, is an essential tool in achieving these goals.  When a student has developed sufficient number sense they are flexible in their thinking and can access various strategies while computing; they are flexible, accurate and efficient (Erdem, 2016; Gürbüz &Erdem, 2016; Hinton, Stroizer, & Flores, 2015).Studying children’s numeracy progression is important.  In kindergarten through grade two, students learn many number sense strategies such as “make a ten” and compensation.  In grade three, students begin using the addition algorithm, the paper pencil method lining up the numbers horizontally one above the other with the columns lined up according to their place value. This strategy is inefficient because it does not aid calculation by drawing from different strategies (Erdem, 2016; Gürbüz&Erdem, 2016). By the time students enter fifth grade, they have been using the addition standard algorithm for two years and mental math skills have diminished. When students stop practicing mental math, skills deteriorate (Olsen, 2015).
Numeracy aids mental calculation in adulthood (CCSSI, 2010).  In order to be confident in mathematical skills as well as making correct calculations in day-to-day situations, students need to be able to calculate mentally.  Early educators spend numerous classes working on numeracy, however, once the algorithm is introduced, many students use the standard algorithm as their go-to strategy (Al Mutawah, 2016).   They need to learn at a deeper level and choose an efficient calculation strategy (Erdem, 2016; Gürbüz Erdem, 2016; Varol &Farran, 2007). 
As they move through their education, students develop mental math strategies. Young children show their mathematical flexibility when counting.  They begin counting one by one.  Later they learn counting in a shortened method, such as using whole groups of fives or tens.  Older elementary students and adults manipulate the numbers in an efficient and accurate way   (CCSSI, 2010; Humphreys & Parker, 2015).
Some of the addition mental math strategies students use are: doubling, make a ten, decomposition, sequencing and compensation. Doubling is a strategy where the computation relies on the known double of numbers.  Make a ten is a strategy in which students know many combinations to make a ten.  This helps students reason out other addition problems such as eighteen plus twelve. Practicing the decomposition strategy (sometimes called split up strategies) teaches students to take a number apart and to add or subtract it to another number. For example, 7, 825 could be decomposed to its place values 7,000, 800, 20, and 5. Additional strategies for mental math computation are sequencing and compensating.   In sequencing, one of the numbers in the calculation is retained as it appears and portions of the other number are added on.  For example, 345 + 75 could be calculated as 345 + 70 +5 or 345 + 25 +50. Compensating occurs when two numbers are added, but one number is made larger for calculation ease, and then the extra is taken off at the end to compensate.  For example, 47 + 39 can be added as 47 +40 = 87, then subtract the 1 for the answer 86.  Multiple studies have shown flexible thinking in students using these strategies. In one study, (Nursyahidah, Ilma, &Somakim., 2013) first grade students used the make a ten and doubling strategies.   In other studies, (Al Mutawah, 2016; Chen & Bofferding, 2017;Rathgeb-Schnierer & Green, 2017;  Whitacre, 2014)  thinking flexibility was measured by the ability to decompose, transform a problem, and add mentally without relying on the standard algorithm.
Explicit Instruction
In a study done to improve preservice teachers’ ability to understand and use mental math strategies, Al Mutawah, (2016) found the more preservice teachers practice, the more easily they were able to calculate using different mental math strategies throughout each day.  In the end, 39% of the problems were solved using make a ten, 25% were using compensation, 38% were partitioning, 28% were solved using sequencing, and only 2% used the standard algorithm. This is significant because the baseline information showed the majority (72%) used the standard algorithm. The researcher used a mixed method grounded theory study and a simple time-series. Through three cycles over a nine-week period, 47 preservice teachers learned through explicit instruction and increasingly used the mental math strategies.  The preservice teachers were given quizzes at three stages, participated in interviews and were observed.  The majority of the preservice teachers were using mental math strategies toward the end of the study that supports explicitly teaching mental math calculations. This study agrees explicit instruction albeit during a Number Talk improves the use of mental math strategies.	Comment by toshibs: if the researcher cites the previous researcher should be completed with an explanation of how the position of this study among the previous studies confirms or opposes or updates the previous research.
Similarly, Whitacre (2014), used a one group pretest-post-test approach to study preservice teachers become more flexible in whole number thinking as a result of explicit strategies instruction.  The seven preservice teachers’ flexibility levels consisted of inflexible, semi-flexible or flexible.  The baseline data showed five of the seven participants were inflexible thinkers.  Only one teacher remained dependent on the standard algorithm by the semester’s end.  The other six participants became more flexible in their thinking.(Whitacre, 2014).  Both studies show practicing mental math strategies even after learning the standard algorithm is necessary.
Experiential Learning
One grounded theory study, conducted by (Nursyahidah, et al., 2013), shows 33 first grade students learned by experience rather than by being explicitly taught.  After the students had already learned the make a ten strategy with counters, they used real world problems to solve using numbers to twenty.  Through play, they discovered how to move from informal counting (counting one by one) to formal levels using the strategies learned previously to make a ten. This study also included a traditional game called Dakocan consisting of a board with two sets of seven holes and 98 shells.  The first graders came up with strategies such as doubles plus one, make a ten, and compensation. This supports experience and discovery rather than explicit strategy teaching. Additionally, students should be encouraged to discover their own computation strategies because this is a higher thinking skill Erdem (2016).  	Comment by toshibs: there was a repetition of quoting the same thing as well as content, asking directly to the main opinion support at page 6 first paragraph for suporting what and what the different support from page 6 and page 10
Additionally, the experiential learning method was the style used to understand the effect of Problem Based Learning (PBL), which means to use story problems as compared to direct instruction.  In this quasi-experimental study, two fifth grade groups in Bandung learned using two different approaches.  They took a test determining mathematical literacy.  The literacy reliability was (ᴘ= 0.785). Students taught using PBL with meaningful problems significantly outperformed with an average difference of .19 increase in mathematical literacy, those who learned using only direct instruction (Fery, Wahyudin, & Tatang, 2017).
Some studies show combining explicit teaching with PBL during the Number Talks also supports flexible thinking.   Number talks are discussions within a classroom where the students all come up with numerous ways to solve the problem.  The teacher runs the discourse in a purposeful way. Boonen, Kolkman, &Kroesbergen (2011) conducted a grounded theory study to see how kindergarteners grow in their mathematical skills because of how the teachers talk during a discussion. The 251 Dutch kindergarteners were all similar in their socioeconomic status as well as the visuospatial memory.  The students performed number sense tasks. After the students engaged in math talks, teachers’ math talks positively affected: measuring, counting skills, quantity comparison, number naming and cardinality.  Additionally, the teachers’ talk regarding numbers used for date, time and age had a positive effect. A negative relationship was found in: ordering, math talk diversity, number symbols and calculations. This study did not strongly suggest Number Talks were the best of both worlds, but there was some promise. In the current study this researcher attempted to collect evidence to support students’ numeracy using Number Talks combined with the use of real world problems of fifth graders. 	Comment by toshibs: what combination learning methods the researcher chooses later should be emphasized in the theoretical foundation.
Heirdsfield (2005) conducted another experiential learning experience. This case study included thirty eight year olds from Brisbane.  In this ten-week study, lessons in strategies were the focus.  However, the subjects were encouraged to solve mental addition and subtraction computations, but the students also discussed the strategies developed.  The study results were positive.  The instructor noted her students were more positive and excited than they were in lessons not using this method. The students showed greater number sense by using and discussing numbers in a more flexible way.  When reintroduced to the algorithm, students were able to use this strategy with understanding rather than going through memorized steps. 
Ways to Present Practice
How teachers talk in discourse also is important. Chen & Bofferding (2017) discovered some important talk moves were forgotten in their grounded theory study.  Fourteen preservice teachers taught using discourse. They revoiced (the teacher restates what was just said) and pressed (the teacher asks the student to support their reasoning), but they forgot to ask the students to reason and orient (asking others to contribute to a student’s strategy or thinking) themselves. Students needed to reevaluate how they obtained their answer, but the participants in the study did not encourage this. The number talk must be purposeful and enhance reasoning as well as teach strategies.
Information learned in a combined experimental and ex post facto design study revealed practice should be based on specific, instructional, evidence based strategies (Fery, Wahyudin, & Tatang, 2017; Hinton, et al., 2015).  Two parallel sets of problems were tested on 78 students in second and fourth grade.  One set assessed accuracy, and the other assessed strategy choice. 
In addition, one needs to take into consideration students’ visual memories when designing an intervention.  Children used decomposition strategies 55% of the time.  They used counting-on (counting from a given spot rather than recounting all) 26% and other strategies 20%. This strategy was found to be positively correlated to arithmetic accuracy (ᴘ=.23).  It mediates the relationship between short-term visual spatial memory (VSM) and arithmetic accuracy (Foley, Vasilyeva, & Laski, 2016). The researchers found that when students had stronger VSM they did better in computation than those with a lesser VSM. When students used decomposition, the students were more accurate. 
The current state of the literature supports producing students with good number sense.  This article contends Number Talks which are experiential in nature combined with PBL aide in increasing numeracy in fifth graders because students use more strategies to show flexible thinking, tackle the mental math problems with more confidence, are more accurate and significantly solve math problems faster.	Comment by toshibs: Number Talks, PBL, experiential learning method  how the logic of the three works to improve students' mathematical abilities or only one of the three. explain as a conclusion, what position is contained in learning as well.
METHOD
This study occurred in a rural, elementary, public school in southeastern Wisconsin. Twenty-two students were in both the experimental class and the control. The author analyzed the MAP (universal screener) data from the experimental group and the control group each consisting of eighteen students.  The categorized data were according to three naturally separated ranges.  The below benchmark group included three students who scored 210 or below; three students who were in the benchmarked range were from 211-215, and three students scoring in the above the norm range scored from 216 and above range.  
The pre and posttests were one-step whole number mental addition story problems. The use of context was in accordance to the findings of Fery, et al., (2017).  Students solved problems mentally and then described their thinking.  Next, students solved four specific problems.  The same story structure was used for each problem with different numbers substituted into each problem.  The number pairs were carefully selected to encourage efficient strategy selection.  For example, numbers for addition were selected if they needed regrouping.  They were also put in a particular order so one question did not influence how students approached subsequent problems.  Students then took part in an additional paper and pencil survey at the study's end to solve story problems using as many different strategies as they could.    	Comment by Pam May: 
All interviews were videotaped and audiotaped.  In order to avoid interference with short-term memory, the numbers were in written form (Foley, et al., 2016). Participants solved the problems using mental math and explained specific strategies used.  A third party individual reviewed and rated this information.
The experimental group participated in Number Talks two days a week, twenty to thirty minutes each lasting six weeks while the control group only experienced their regular lessons that did not consist of Number Talks.  The students gathered on a carpet in front of a Smart board where they solved numerous addition mental math problems.  The number combinations were adapted from, Humphreys& Parker (2015). When students had an answer, they indicated with a finger.  If they had another strategy, students raised a second or third finger to indicate how many strategies they could explain.  When all students had an answer, the participants were called on to explain the method used. The instructor used revoicing and pressing techniques, as well as asking students to reason and orient their thinking.   After the session, a discussion ensued debating the strategy’s efficiency.  If the answer was inaccurate students explained where the problem went wrong.  Each session was video/audiotaped, a journal was kept, and the Smart slides used were saved.  The results showed the students in the experimental group solved the mental math problems faster, more accurately and used more varied strategies than those in the control group.  The results indicate Number Talks may help increase number sense in fifth graders. 	Comment by toshibs: it is best to explain the stages during class, and the learning plan used in the control group and the experimental group in detail
The purpose of this study was to discover if accuracy, flexibility and speed would increase after practicing mental math strategies through Number Talks. The data collected was pretest- posttest same test combined with an interview where the participants explained the methods they used to solve the problems (Mertler, 2017).  This research used both quantitative and qualitative data in order to compare two groups’ test results and to determine the participants’ thinking.  Whitacre (2014), developed and used a flexibility scale, based off the work of Heirdsfield& Cooper (2004).  This scale categorized the degree of flexibility a student used to solve problems.  Randomly chosen students from a fifth grade pool scored below the norm, within the normed range and above the norm (three students from each category) on the MAP universal screener.  The test group used the same random selection. The students were categorized as flexible, semi flexible or inflexible thinkers based off the pretest, posttest and the ending survey.  A second rater categorized students using the videos.  Both raters agreed on the flexibility levels assigned to each student.
Flexible mental calculators choose their strategy based on efficiency (Rathgeb-Schnierer & Green, 2017). Three or more strategies may be used. Semiflexible –some choices made based on the numbers in the problem (those who used two valid strategies) Inflexible- use one go to strategy such as the standard algorithm.
The author conducted two identical assessments on each group.   The first test included a before and after the intervention assessment consisting of the same four addition questions in story context.  The interviews were recorded so the researcher and the interrater reviewer could assess the strategies the participants used. Four identical problems in context were administered to each student who then explained the mental calculation method.  The calculation time and answer accuracy were recorded. 
Both groups took an additional assessment consisting of the same questions from the interview.  In this assessment, students solved the problems (using paper and pencil) in as many ways as they could.  Only the correct answers were included in this data.  The author used this additional measurement tool to help determine flexibility in student computation.  The mean comparing the control to the experimental comparing accuracy, flexibility and speed as well as any possible T tests were calculated.
RESULTS	Comment by Windows User: in IJI 
The first analysis focused on the students’ flexibility of thinking?  A paired-samples t-test comparing the treatment group showed growth. The flexibility value was 1.735 showing an insignificant growth from pretest (M= 0.17, SD =.35) to posttest (M=.39, SD= .44); t =1.735, p=.05. Therefore, the hypothesis stating a significant difference between the pretest and posttest flexibility responses was rejected.  Additionally, when comparing the control group results, the paired-samples t-test showed the value was zero.  The pretest scores (M= 0.06, SD =.17) to posttest (M=.06, SD= .17); t =0, p=.05 also did not show a significant difference between them.   A greater growth in the treatment group incurred when comparing the treatment group to the control group.	Comment by toshibs: Research question author are : Will practicing mental math strategies through Number Talks improve students’ flexibility? Will students become more accurate after practicing mental math strategies through Number Talks?Will students solve mental math problems with greater speed after practicing mental math strategies through Number Talks? Statement irrelevant with result
Table 1	
Paired Samples Showing Treatment Groups’ Flexibility, Accuracy and Speed
	
	
	Mean
	N
	SD
	T
	p

	Pair 1
	Pretest Flexibility Interview
	.17
	9
	.35
	-1.74
	.05

	
	Posttest Flexibility Interview
	.39
	9
	.44
	-1.74
	.05

	
Pair 2
	Pretest Accuracy
	.36
	9
	.42
	-1.49
	.05

	
	Posttest Accuracy
	.56
	9
	.17
	-1.49
	.05

	Pair 3
	Pretest Speed
	72.69
	9
	29.77
	4.11
	.05

	
	Posttest Speed
	41.92
	9
	32.5
	4.11
	.05


The second analysis using a paired-samples t-test focused students’ accuracy.  A paired-samples t-test showed the treatment group t =-1.49, p=.05.  The pretest (M= 0.36, SD =.42) to posttest was (M=.56, SD= .17).  The hypothesis stating a significant difference between the pretest accuracy responses and the posttest accuracy responses was rejected.  In addition, when comparing the control group results, the paired samples t-test showed the value 1.049.  The pretest (M= 0.75, SD =.48) to posttest (M=.59, SD= .27); t =1.049, p=.05.  This also did not show a significant difference between them. The treatment group showed greater growth than the control group.
The final paired-sample t-test addressed mental math strategies through Number Talks improve students’ speed?  A paired samples t-test comparing the treatment group showed significant growth. The t value was 4.108, p=.05 showing a significant growth from pretest (M= 72.694, SD =29.77) to posttest (M=41.92, SD= 32.5). Therefore, the hypothesis stating a significant difference between the pretest speed responses and the posttest speed was not rejected.  Additionally, when comparing the control group results, the paired-samples t-test showed the value was .3939.  The pretest (M= 55.17, SD =18.25) to posttest (M=60.92, SD= 45.55); t =-0.339, p=.05.  This does show a significant difference between the treatment group as compared to the control group in the speed strand. Results indicated in the table above.
The final paired-sample t-test addressed the question: will practicing mental math 
Table 2
Mean Comparison of the End Survey Showing Ways to Solve Addition Problems (Flexibility)	Comment by toshibs: Research question author are : Will practicing mental math strategies through Number Talks improve students’ flexibility? Will students become more accurate after practicing mental math strategies through Number Talks?Will students solve mental math problems with greater speed after practicing mental math strategies through Number Talks? ..... statement in relevance whit result
	
	Experimental Mean
	Control Mean
	Change Experimental to control

	Problem 1
	3.44
	1.22
	2.22

	Problem 2
	3
	1.22
	1.78

	Problem 3
	3.22
	1.22
	2

	Problem 4
	2.88
	1.22
	1.66

	Mean
	3.14
	1.22
	1.92


The final analysis was an additional paper and pencil test to determine students’ flexibility of thinking?  This analysis determined the mean of the amount of ways a student accurately calculated the same four addition problems in the pretest and posttest at the intervention cycle’s end.  The results showed those in the treatment group had a mean of 3.14 solution strategies for the four problems.  The control group had a mean of 1.22 solution strategies.  The treatment group solved the problems an average 1.92 ways more than the control group. Results indicated in the table below.	Comment by toshibs: which one is used? if there are 3 research questions then the research results should also be 3 and so on. if the results do not need to be in the form of questions but are immediately replaced by statements.
DISCUSSION
This research determined explicit instruction through peer-generated discussions that include aspects of experiential learning have improved the numeracy of fifth graders in two of the three categories tested.  Number Talks create a setting where students can both learn explicitly from their peers as well as experience using the numbers in different strategies. 
The results of the current study were not conclusive in the area of flexibility.  Students in both groups held tightly to the standard algorithm in the oral interview.  Results show some improvement in the number of strategies used from the pretest to posttest in the treatment group, but it was not significant (t=1.74). Likewise, no improvement in the control group was noted (t=0).  However when the paper pencil survey was analyzed, results showed a much greater improvement in flexibility in the treatment group over the control group.  The mean showed 3.14 strategies to solve the problems in the treatment group with only 1.22 strategies used to solve the problems in the control group.  This supports the findings of many researchers, however only some of those studies included elementary aged students. 
Al Mutawah (2016) provides additional support of explicit instruction. The increased practice of explicitly taught strategies showed significant improvement from the baseline information showing 72% of the problems solved using the standard algorithm initially, but after the treatment, only 2% of the problems were solved solely with the standard algorithm, which shows a dramatic increase in flexibility. 
Similarly, Whitacre (2014) found an increase in flexible thinking amongst pre-service teachers who learned strategies explicitly.  The Baseline data improved from two flexible thinkers to six flexible thinkers of the seven participants who were able to use place value and compensation strategies over a semester’s time.
Another explicit instruction study was done with five children ages four through seven. Hinton, et al. (2015) used a collective case study; children were provided explicit instruction lasting two weeks.  The students learned various counting techniques to help them recognize dots without counting them.  They learned one-to-one counting (resultative counting) and to count on.  The study supports using explicit instruction of mental math strategies for flexible thinking. Four of the five students began at zero sets of resultative counting and ended at five or six sets of resultative counting.  One student grew from three to all six sets counted using resultative counting.  Although this study showed explicit instruction had a positive impact on numeracy, it had very few participants and further studies are needed to investigate two like groups conducting an experimental design to see comparisons to other instructional types.
Some studies show teaching strategies directly or explicitly produces positive results in flexible thinking, other studies support the opinion strategies should be experienced to promote flexible thinking. The students in the current study not only learned explicitly, but they also improved due to the discussion experience.  Students were motivated to work on different strategies and explain them to their peers who listened intently and came up with their own strategies to solve problems.  The students showed improvement in flexibility of thinking as well as accuracy. 
Just as the current study has found, so too Heirdsfield (2005) found students showed a flexibility in number calculation.   She conducted a ten-week case study with thirty eight year olds from Brisbane. The subjects were encouraged to solve mental addition and subtraction computations while the teacher engaged the students in strategy related discussions.  The students engaged in strategic thinking when they explained their reasoning and analyzed what fellow students used to solve the computation.  Just as in the current study, the students were more positive and excited than they were in lessons not using this method.  In addition, the students showed a greater number sense using and discussing numbers in a more flexible way. 
The sub category in the current research was directed at improvement in accuracy.  The students were not significantly more accurate in the treatment group (t=1.50), but they were more accurate than the control group (t=1.05).  A study including 60 third year students in Brisbane showed flexible thinkers were more accurate because they knew their number facts, which helped the way they computed numbers.  Some students applied their math facts skills to the mental computation of larger numbers (Heirdsfield, A., & Cooper, T. J. 2004). This suggests accuracy has more to do with accurate fact recall than practicing strategies.  This enlightens the findings in the current study. 
The final sub category studied was the speed or fluency.  In the current study growth in speed was significant (t=4.11) as compared to the control group which only had a t- score of 0.34. This researcher was unable to find any current studies addressing the problem solving speed.  Perhaps this is because recent emphasis is on being a flexible thinker who chooses efficient strategies to best solve a problem.  What is important is the reasoning and thinking behind the calculation.  However, one can attempt to draw some conclusions from mental calculation speed.  When questioned about how they reached their answer, the students most often used the standard algorithm.  Consequently, one can say they were faster, but they cannot say it was due to increased fluency.  However, one could surmise students were more comfortable calculating in their head and the practice they received during the intervention helped them to add more quickly. Knowledge of the students’ math facts abilities would have been beneficial.      
CONCLUSIONS
This researcher strives for a day when a fifth grade student confidently looks the questioner in the eye, manipulates the numbers and proudly states the correct answer to a three-digit addition problem.  Some studies support teaching the strategies explicitly to improve flexibility in thinking (Al Mutawah, 2016; Foley, et al., 2016; Hinton, et al., 2015; Whitacre, 2014), while others support strategies in context (Fery, Wahyudin, &Tatang, (2017).; (Nursyahidah, et al., 2013).  Problems should be presented in context using real word type problems. One way to do this is through Number Talks (Boonen, et al., 2011) that generate discussions on strategies and promote reasoning as long as the teacher fosters the reasoning during the discussion (Chen & Bofferding, 2017; Heirdsfield, 2005).
This article contends Number Talks aide in increasing numeracy in fifth graders because students use flexible thinking strategies, tackle the mental math problems with more confidence, are more accurate and significantly solve math problems faster.
It is unclear if practicing mental math strategies through Number Talks improve students’ flexibility of thinking.  Although the paired samples results suggest the students do not significantly improve in flexibility, when tested using mental math a positive relationship was noted. Furthermore, the results may suggest the importance of taking into account the method in which the flexibility of students is tested.  The treatment group students did outperform the control group when they solved the problems using as many strategies as they could when using pencil and paper.  It is also not evident if practicing mental math strategies through Number Talks improve students’ accuracy.  The accuracy showed some growth but not statistically significant. In addition, the control group showed a negative relationship not statistically strong enough to show regression. Practicing mental math strategies through Number Talks may improve students’ speed, which showed a significant statistical relationship.  
Therefore, further research is needed to see if practicing mental math strategies through Number Talks will improve numeracy in fifth graders.  Students in fifth grade had solidified their preferences in mental calculation strategies.  They did not appear to spend time evaluating various possible strategies before trying to solve the problem.  Perhaps the Number Talks should include an emphasis on evaluating strategies stage.  Further studies on third and fourth graders would be very helpful in determining when this preference solidifies in order to assist student flexible thinking.
The pretest and posttest experimental group interviews show other positive outcomes not formally tested.  Students were much more relaxed during the posttest interviews. One student during the pretest interview said, “I don’t know,” after he had given his answer. This suggested a lack of confidence.  The same student answered all posttest questions much more confidently than his pretest interview.  The treatment students did not rely on writing the numbers in the air with their fingers as they often did on the pretest, which would suggest students had increased their ability to hold numbers in their brain as well as greater comfort and confidence levels. Whereas the students in the control group generally pointed and used their fingers in both the pre-interview and the post interview.  The fact speed showed a statistical improvement in the treatment group could also help show this improved mental capacity.  In addition, those in the treatment group did not look shocked at what the mental math problems involved.
This researcher saw the impact on student learning as well as determined what aspects make up improving numeracy.   In the future, Number Talks in this researcher’s classroom will be helpful in teaching students thinking flexibly in all four operations as well as a tool for slowing down and analyzing mathematical relationships students seem to be having difficulty grasping. 
LIMITATIONS AND DIRECTION FOR FUTURE RESEARCH
One limitation was the author was also the teacher. The current study also had a small sample size and was conducted over a short time frame.   Analyzing settings across multiple grade levels would have provided a more accurate picture.
One area to improve is increasing the weeks from six to eight.  More time could then be spent talking about efficiency of the calculation strategies.  In this manner, students would practice those important planning steps.  Another improvement to the study may be to implement other practice methods in addition to Number Talks such as number circles and games.
Other research suggested from the results of this study may be to study beginning fourth graders rather than fifth graders.  During fourth grade, students apply all strategies learned in third grade. If students at this age level continue to practice mental math methods, they may enter fifth grade more equipped to make decisions about the best way to solve a problem when adding. Another study one might conduct is studying how the increase in the number sense boosts math confidence and students’ willingness to persevere and take on new math challenges.   More studies are also needed to study the fluency and accuracy in flexible thinking students.
Another area to be investigated is the way the algorithm is presented in the classroom and how it is reinforced at home.  Many parents are relieved when their child learns the algorithm.  This could affect the child making them somehow think the algorithm is the best way to solve problems.       
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