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                                    Abstract
This study was conducted to assess African-American student’s problem-solving strategies and solutions between similar mathematics and computer science tasks. Six African-American participants comprised of five high school students and one high school graduate who had taken or jointly enrolled in precalculus and AP computer science courses participated in the study. Data collected were precalculus and computer science problem solutions, think-aloud and retrospective interviews, problem-solving strategies used to solve problems, and analytic scoring rubric scale scores. Student problem-solving strategies when engaged in solving precalculus and computer science problems were coded by the researcher and co-rater to determine inter-rater agreement. Student precalculus and computer science solutions were graded using an analytic scoring rubric scale to determine levels of problem-solving ability. Results found that students did not exhibit the same problem-solving strategies in both contexts. Implications of this finding between mathematical and computer science problem-solving are presented.
Keywords
	Computer programming
	Computer science
	Computational thinking
	Problem-solving




                                
                            

                            
                                
                                    
                                        
                                            
                                                
                                                   This is a preview of subscription content, log in via an institution.
                                                
                                            

                                        

                                    
                                
                                
                                    
                                        
                                            
 
  
   Buying options

   
    
     	
       
        Chapter
      
	
       
        USD   29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter
     

    

    
     	
       
        eBook
      
	
       USD   99.00
      
	
       Price excludes VAT (USA)
      


        
      	Available as EPUB and PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook
     

    

    
     	
       
        Softcover Book
      
	
       USD   129.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book
     

    

    
     	
       
        Hardcover Book
      
	
       USD   179.99
      
	
       Price excludes VAT (USA)
      


        
      	Durable hardcover edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Hardcover Book
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only
Learn about institutional subscriptions
  

 

 
 


                                        

                                    
                                
                            

                            

                            
                            
                                
                            


                            

                            

                            References
	Berry III, R. (2003). Mathematics standards, cultural styles, and learning preferences: The plight and promise of African-American students. The Clearing House: A Journal of Educational Strategies, Issues and Ideas, 76(5), 244–249.
Article 
    
                    Google Scholar 
                

	Blume, G. W., & Schoen, H. L. (1988). Mathematical problem solving performance of eighth-grade programmers and nonprogrammers. Journal for Research in Mathematics Education, 19(2), 142–156.
Article 
    
                    Google Scholar 
                

	Brown, B. (2007). A guide to programming in Java. Upper Saddle River, NJ: Lawrenceville Press.

                    Google Scholar 
                

	Bruner, J., Goodnow, J., & Austin, G. (1962). A study of thinking. New York, NY: Science Editions.

                    Google Scholar 
                

	Charles, R., Lester, F., & O’Daffer, P. (1987). How to evaluate progress in problem solving. Reston, VA: National Council of Teachers of Mathematics.

                    Google Scholar 
                

	Darling-Hammond, L. (1996). The right to learn and the advancement of teaching: Research, policy and practice for democratic education. Education Researcher. American Educational Research Association. Retrieved from: http://www.jstor.org/stable/1176043.

	Fox, E., & Riconscente, M. (2008). Metacognition and self-regulation in James, Piaget, and Vygotsky. Educational Psychology Review, 20, 373–389.
Article 
    
                    Google Scholar 
                

	Garofalo, J., & Lester Jr., F. (1985). Metacognition, cognitive monitoring, and mathematical performance. Journal of Research in Mathematics Education, 16(3), 163–176.
Article 
    
                    Google Scholar 
                

	Holliday, B., Cuevas, G., McClure, M., Carter, J., & Marks, D. (2001). Advanced mathematical concepts: Pre-calculus with applications. New York, NY: McGraw-Hill.

                    Google Scholar 
                

	Horstmann, C. (2003). Computing concepts with java essentials (3rd ed.). New York, NY: Wiley.

                    Google Scholar 
                

	Lewis, J., Loftus, W., & Cocking, C. (2007). Java software solutions (2nd ed.). Boston, MA: Pearson Education.

                    Google Scholar 
                

	Malloy, C. (1994). African-American eighth grade students’ mathematics problem solving characteristics, strategies, and success. Dissertation Abstracts International, 56(07), 2597. (UMI No. 9538448).

                    Google Scholar 
                

	National Council of Teachers of Mathematics. (1980). An agenda for action. Reston, VA: National of Council of Teachers of Mathematics.

                    Google Scholar 
                

	National Council of Teachers of Mathematics. (1999). In W. S. Bush & A. S. Greer (Eds.), Mathematics assessment: A practical handbook for grades 9–12. Reston, VA: National of Council of Teachers of Mathematics.

                    Google Scholar 
                

	National Council of Teachers of Mathematics. (2000). Principles and standards for school mathematics. Reston, VA: National of Council of Teachers of Mathematics.

                    Google Scholar 
                

	Polya, G. (1957). How to solve it: A new aspect of mathematical method. New York, NY: Doubleday.

                    Google Scholar 
                

	Polya, G. (1962). Mathematical discovery on understanding, learning and teaching problem-solving (Vol. I). New York, NY: Wiley.

                    Google Scholar 
                

	Rudder, C. (2006). Problem solving: Case studies investigating the strategies used by American and Singaporean students. Dissertation Abstracts (UMI No. 3232443).

                        Google Scholar 
                

	Sarver, M. (2006). Metacognition and mathematical problem solving: Case studies of six seventh-grade students. Dissertation Abstracts International (UMI No. 1095440231).

                        Google Scholar 
                

	Seeley, C. (2005). President’s message: Do the math in your head! NCTM News Bulletin, 42(3), 3.

                    Google Scholar 
                

	Siegler, R. (2003). Implications of cognitive science research for mathematics education. In J. Kilpatrick, W. G. Martin, & D. Schifter (Eds.), A research companion to principles and standards for school mathematics (p. 291). Reston, VA: National Council of Teachers of Mathematics.

                    Google Scholar 
                

	Stockwell, W. F. (2002). The effects of learning “C” programming on college students’ mathematics skill. Dissertation Abstracts International, 63(10), 885. UMI No. 3045840.

                    Google Scholar 
                

	Wells, G. (1981). The relationship between the processes involved in problem solving and the processes involved in computer programming (Doctoral dissertation, University of Cincinnati, 1981). Dissertation Abstracts International, 42(5), 2009.

                    Google Scholar 
                

	Willis, J. M. (1999). Using computer programming to teach problem solving and logic skills: The impact of object-oriented languages. Unpublished Master’s Thesis, University of Houston, Clear Lake, Texas.

                        Google Scholar 
                

	Wing, J. M. (2006). Viewpoint: computational thinking. Communications of the ACM, 49(3), 33–35. Retrieved June 8, 2016 from https://www.cs.cmu.edu/~15110-s13/Wing06-ct.pdf.

	Wing, J. M. (2008). Computational thinking and thinking about computing. Philosophical Transactions of the Royal Society, 366, 3717–3725. Retrieved June 4, 2016 from https://www.cs.cmu.edu/~CompThink/papers/Wing08a.pdf.

	Zahorik, J. (1997). Encouraging and challenging students’ understandings. Educational Leadership. Retrieved January 15, 2016 from Academic Search Premier Database.

                        Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Evaluation Manager (Paragon TEC, Inc.), NASA Glenn Research Center, Office of Education, 3740 Carnegie Avenue, Cleveland, OH, 44114, USA
Cristal Jones-Harris

	Georgia Southern University, Statesboro, GA, 30458, USA
Gregory Chamblee


Authors	Cristal Jones-HarrisView author publications
You can also search for this author in
                        PubMed Google Scholar



	Gregory ChambleeView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Cristal Jones-Harris .


Editor information
Editors and Affiliations
	150K MCKB, Brigham Young University, Provo, Utah, USA
Peter J. Rich 

	Georgia Southern University, Statesboro, Georgia, USA
Charles B. Hodges 




Appendices
Appendix 1


                  	Precalculus problems
	Computer science problems

	1. State the number of complex roots of the equation 18x2 + 3x – 1 = 0. Then find the roots (Holliday et al., 2001, p. 207)
	1. Create a Quadratic Equation application that gives the solution to any quadratic equation. The application should prompt the user for values for a, b, and c (ax2 + bx + c = 0) and then display the roots, if any. Use the quadratic equation. The application output should look similar to:
Enter value for a:
Enter value for b:
Enter value for c:
The roots are:
(Brown, 2007, p. 126)

	2. The sine of an acute <R of a right triangle is 3/7. Find the values of the reciprocal trigonometric ratios for this angle (Holliday et al., 2001, p. 289)
	2. Create a TrigFunctions application that displays trigonometric and reciprocal ratios given the following conditions: The sine of an acute <R of a right triangle is 3/7. Find the values of the reciprocal trigonometric ratios for this angle. The application should display output similar to:
The angle in degrees:
Sine: Cosine: Tangent:
The values in radians are:
The Math library (Java) provides methods for performing trigonometric functions
Class Math (java.lang.Math) Methods
sin (double angle)—returns the sine of angle, where angle is in radians
cos (double angle)—returns the cos of angle, where angle is in radians
tan (double angle)—returns the tan of angle, where angle is in radians. to Radians (double deg) converts degrees to radians
(Brown, 2007, p. 128)






                Appendix 2


                  	Episode 1 strategies/indicators (A) [reading and understanding phase]
	Episode 2 strategies/indicators (B) [planning the process]

	1. Reading the problem silent or aloud
2. Restating the problem in his or her own words/reminding himself or herself of the requirements of the problem
3. Asking for clarification of the meaning of the problem

4. Stating or asking whether he or she has done a similar problem in the past/knowledge of a similar problem

5. Representing the problem by drawing a picture, writing key facts, or making a table, diagram, or list

6. Representing the problem by assigning variables or using symbolic notation
7. Says that he/she doesn’t understand problem

8. Other
	1. Describing an approach that he or she intends to use to solve the problem (steps to be taken or a general strategy to be used)
2. Using deductive or inductive reasoning
3. Synthesizing (creating)
4. Stating operative proposition (theorem, pattern search, equation, algorithm, etc. such as Pythagorean theorem, Gauss theorem, system of equations, percentage formula, pattern recognition, factoring, summation formula, ratios, computation, probability knowledge, algebra, counting)

5. Using a calculator
6. Stating that he/she has forgotten procedure stating that he/she has forgotten how to solve

7. Stating that he/she will try random trial and error

8. Other

	Episode 3 strategies/indicators (C) [implementing the plan]
	Episode 4 strategies/indicators (D) [verifying the outcomes of the plan]

	1. Using successive approximations (using trial and error)
2. Engaged in an orderly, coherent, and well-structured series of calculations/uses algorithm
3. Stop working to see what has been done and where it is leading
4. Reviews solution
5. Checks that all hypothesis have been used or checks solution
6. Corrects any errors

7. Says he/she cannot remember formula, algorithm, etc.
8. Other
	Obtaining an intermediate correct or incorrect solution by:
1. Checking the solution by substitution, retracing
steps, or if the solution makes sense
2. Checking that the solution satisfies conditions
Obtaining a final correct or incorrect solution by:
3. Questioning uniqueness of solution

4. Expresses liking for problem

5. Solving problem by alternate method
6. Attempting to simplify solution
Reaching an impasse by:
7. Expressing uncertainty about solution shows concerns for performance and admits confusion

8. Other




	NOTE: Non-verbal strategies are shown in plain text. Verbal strategies are shown in italics text. Verbal strategies will be coded for the retrospective interview. Non-verbal strategies are coded for the think-aloud protocol sessions
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Understanding the problem phase [Episode 1]
2: Complete understanding of the problem is illustrated by choice of models or
diagrams to reframe problem
1: Part of the problem misunderstood—weak choice of way to represent the
problem
0: Little evidence of understanding

	
Planning a solution (choosing a strategy) phase [Episode 2]
2: Chooses a correct strategy that could lead to a correct solution
1: Chooses a strategy that could possibly lead to a solution, but route has many pitfalls or is inefficient
0: Inappropriate strategy chosen

	
Execution of the solution (carrying out the plan) phase [Episode 3]
2: Implements a correct strategy with minor errors or no errors
1: Implements a partially correct strategy, or chooses a correct strategy but implements it poorly
0: Poor strategy with poor implementation, or correct strategy with no implementation

	
Looking back phase [Episode 4]
2: Checks solution for accuracy. Solution is correct and has correct label for the answer
1: Checks solution for accuracy, but there is a computational error or partial answer for a problem with multiple answers
0: Student does not utilize heuristics of checking for accuracy. There is no answer or wrong answer based on an inappropriate plan






                Appendix 4

Retrospective Interview Questions adapted from Malloy (1994).

	
                      1.
                      
                        What were you thinking when you first read the problem?

                      
                    
	
                      2.
                      
                        Explain the precalculus (or computer-programming problem) in your own words.

                      
                    
	
                      3.
                      
                        Was there anything that you did not understand about the problem?

                      
                    
	
                      4.
                      
                        Did you understand the problem right away?

                      
                    
	
                      5.
                      
                        Have you ever solved the other problems like this before?

                      
                    
	
                      6.
                      
                        If you drew a picture or diagram, ask: Can you show me your diagram or picture and tell me about it?

                      
                    
	
                      7.
                      
                        Tell me about your thoughts as you solved the problem. What steps or algorithm do you have to solve the problem?

                      
                    
	
                      8.
                      
                        How did you feel about solving the problem?

                      
                    
	
                      9.
                      
                        Could you have found the answer to the problem another way?

                      
                    
	
                      10.
                      
                        How did you decide to solve the problem the way you did?

                      
                    
	
                      11.
                      
                        For computer science: Did you program compile and execute at the first attempt? If not, what did you do to see if the program generated the correct output?
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