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The primary purpose of this study was to examine the effects of learning style, strategy use, and personalization of mathematical word problems on the selection of appropriate operations and the execution of correct computational responses by students with learning disabilities (LD).  Additionally, the secondary purpose of this study was to determine if learning style, strategy use, and personalization of mathematical word problems interacted with mathematical word problem achievement levels to effect students with learning disabilities selection of appropriate operations and execution of correct computational responses.  Results of this study revealed that learning style did affect students with LD’s selection of appropriate operations and execution of correct computational responses of mathematical word problems. While other outcomes from this study revealed no statistically significant results, further investigations are merited regarding the affect learning style, strategy use, and/or personalization have on the mathematical responses of students with learning disabilities. 

Mathematics is an important curricular area affecting all aspects of an individual’s life including formal education, leisure activities, employment, and day-to-day living (Miller, Butler, & Lee, 1998; Rivera, Smith, Goodwin, & Bryant, 1998).  Knowledge and effectiveness in mathematics, particularly in problem solving, is necessary for an individual to function in a literate society.  As early as 1925, Kilpatrick suggested that:

Skill in application of problem-solving skills can be equated with quality of life, in that those of us who are adept at problem-solving, can apply the principles of problem solving to everyday life, may make better decisions about common problems (p. 249).

Mathematical abilities take on an even more important role in today’s society with increased demands for mathematically literate workers to meet economic needs (National Council of Teachers of Mathematics [NCTM}, 1998).  Therefore, to turn out mathematically literate workers, schools must meet these demands by placing a higher priority on mathematics in general and mathematical problem solving skills in particular.  

The emphasis on mathematics in recent years has emanated from different sources and for varied reasons (Bottge, 2001; Gersten & Chard, 1999; Jordan & Montani, 1997).  First, mathematics as a curricular area is frequently cited as a reason for students’ failure in our schools and may account for a large percentage of our school dropouts (Patton et al, 1997).  Second, recent revisions of the Individuals with Disabilities Education Act (IDEA) include more individuals with disabilities in standardized testing procedures. These testing procedures place demands for higher-order mathematical thinking abilities as opposed to solely relying on traditional calculation-only skills (Calhoun, Fuchs, & Hamlett, 2000; Jitendra, DiPipi, Perron-Jones, 2002).  Third, many students with LD make little or no progress from one year to the next when receiving traditional instruction in mathematics (Bottge, 2001).  Finally, technological advances in the United States and abroad over the last decade make knowledge in mathematics, especially in the area of problem-solving, crucial for success in both the world of work and leisure (Middleton & Spanias, 1999).

Mathematics in general has been found to be troublesome for many students in our public schools.  This situation is evident when the mathematical achievement scores of students in the United States are compared to those of students in other countries (Xin & Jitendra, 1999).  Difficulties in this curricular area can be found in computation, but to an even greater degree in solving mathematical word problems.  Past remedial efforts have focused almost solely on computation difficulties.  This specific concentration on computation, while an important endeavor, has been to the exclusion of addressing difficulties students encounter in problem solving.  With societal changes and the necessity for individuals to be proficient in problem solving, this practice can no longer be justified .  

While mathematical word problem difficulties are found among the general education population (e.g., problems with extraneous information, dilemmas posed by problem structure, obstacles encountered  with the problem situation, difficulties constructing a mathematical model) (Verschaffel & DeCorte, 1997), these difficulties have been exhibited to an even greater extent and in a more severe manner among students with disabilities (e.g., identifying and selecting appropriate operations, monitoring problem-solving strategies and processes, executing correct computational responses, and evaluating problems for accuracy), particularly students with LD (Jitendra, Salmento, & Haydt, 1999; Van Luit & Naglier, 1999; Xin & Jitendra, 1999).  Whereas most individuals are able to transfer mathematical information acquired in the school setting to varied real-life situations found outside of school requiring mathematics competence, this skill is difficult or non-existent for individuals with mathematics related learning problems (Patton et al, 1997).  Therefore, students with LD who encounter adversity in solving mathematical word problems in school have an even greater challenge facing them as they strive for productive school experiences and independent living.

Numerous research studies have been conducted to investigate the difficulties school-age children and youth experience with mathematical word problems (Verschaffel, DeCorte, & Vierstraete, 1999).  These studies have been conducted with students in both general and special education classes and have reported a myriad of successful methods to ameliorate mathematical word problem difficulties (Jitendra, Hoff, & Beck, 1999).  Although professionals have a plethora of research explicating the problem-solving process and recommending instructional procedures, limited progress has been realized in equipping general and special education students with the skills necessary to become proficient problem solvers (Mastropieri, Scruggs, & Chang, 1998).  Mathematical problem solving remains an area of grave concern for educators and students alike.

The remedial approaches used heretofore to assist students with LD who experience difficulties with mathematical word problems have been diverse and have produced mixed results.  These procedures have included focusing on key words in problems, identifying irrelevant information, concentrating on learning style differences and accommodating for these differences, providing direct instruction on specific strategies, and personalizing mathematical word problems (English, 1998).  Some of these individual remedial approaches have been successful in facilitating improvement in mathematical problem-solving abilities for students with LD’s, and they include focusing on learning style differences, providing direct strategy instruction, and personalizing mathematical word problems.  Conversely, approaches such as the key word method have been found to be detrimental to successful mathematical problem solving.  

The development of additional remedial methods addressing mathematical word problem difficulties encountered by students with LD’s is crucial if these students are to experience success in lifetime endeavors (McLeod & Armstrong, 1997; Mercer & Mercer, 1998).  For example, Bos and Vaughn (1994) reported that:

Despite its difficulty, teaching problem solving may be the most important skill we teach students with learning and behavior problems.  Whereas most other students are able to apply the operations they learn to real-life problems with little direct instruction, students with learning problems will be less able to apply these skills without instruction, rehearsal, and practice (p. 333).

One potential avenue of remediation would be to follow an aptitude-treatment-interaction model that combines learning style, strategy use, and personalization of mathematical word problems.  In this model, learning style would serve as the aptitude variable with strategy use and personalization as the treatment variables.  The interaction of the three variables would serve as the interaction variable affecting outcomes.  However, a review of the literature yielded no studies in which all three factors were combined for such a remedial or instructional purpose.  Therefore, this study was developed to investigate the effects of the interactions of learning style, strategy use, and personalization of mathematical word problems on students with LD’s responses to mathematical problem solving.

Method

Population and Sample

Eighteen elementary schools in a large urban Southern city with nine or more students with LD’s enrolled provided the accessible population for this study.  This population consisted of approximately 144 male students with LD who were receiving general and special education services.  These students were classified as having a learning disability in accordance with state guidelines by exhibiting: (a) significant problems in the acquisition or understanding of academic concepts; (b) a discrepancy between the ability to learn and actual achievement in such areas as listening comprehension, oral language, written language, reading recognition, reading comprehension, mathematical computation, or mathematical reasoning; and (c) learning problems not attributable to visual, physical, motor, or auditory disabilities, mental retardation, emotional disturbance, or economic, environmental, or cultural disadvantage.  

To obtain the sample for this study, a cluster sampling procedure was utilized.  The sample for this study was comprised of 74 male subjects with LD in fourth or fifth grade.  Fifty-five of the total subjects were African American and 19 were Caucasian.  Thirty-one of the subjects were in the fourth-grade and 43 were in the fifth grade.  Ages ranged from 111 months to 156 months with a mean age of 133.58 months.  As determined by the Children’s Embedded Figures Test (CEFT), subjects were classified into field-dependent (N = 37) and field-independent (N = 37) groups based on the median (median = 10).  Four factorial designs were utilized for this study.  The first was a matched-pairs pre-test and post-test, control group three way (2 x 2 x 2) factorial design.  The three factors included learning style (field-dependent or field-independent), strategy use (strategy use or no strategy use), and personalization of mathematical word problems (personalization or no personalization).  The subjects were matched by approximate Math Word Problem Pre-Test (MWPPRE) T scores, word problem achievement level as measured by the Applied Problems Subtest of the Woodcock-Johnson, Revised, and listening comprehension as measured by the Listening Comprehension Subtest of the Weschler Individual Achievement Test (WIAT) across learning styles.  Learning styles were identified by the Children’s Embedded Figures Test (CEFT).  

Three two-way (2 x 2) factorial designs were also employed.  The factors for these designs were learning style and mathematical word problem achievement level, strategy use and mathematical word problem achievement level, and personalization and mathematical word problem achievement level.

Dependent Variables

Dependent variables used in this study were the subjects’ selection of appropriate operations (addition, subtraction, multiplication, an division) and execution of correct computational responses for the mathematical word problems.  These variables were obtained from the Mathematical Word Problem Post Exercise (MWPPOE).  Scores obtained from the pre-test and post-exercises were changed to T scores.  Additionally, scores obtained from the Woodcock-Johnson, Revised (WJ-R) Applied Problems and Calculation Subtests along with the scores obtained from the Weschler Individual Achievement Test Listening Comprehension Subtest were converted to standard scores using procedures described in the test manuals.  Data collected for this study were coded, stored, analyzed, and managed using SPSS/PC+7.5.   Descriptive statistics included measures of central tendency and variability, and inferential procedures included ANOVA and ANCOVA procedures.  

Instrumentation

Six instruments, three commercial and three researcher-developed, were used to collect data.  Subjects were individually tested using the WJ-R Applied Problems and Calculation Subtests.  These subtests were selected because of high validity, reliability, and ease of administration.  The WIAT Listening Comprehension Subtest was also administered individually to all subjects.  This subtest was chosen due to its comprehensive nature and simplicity of administration.  Next, the CEFT was administered individually to determine whether subjects exhibited more field-dependent (FD) or more field-independent (FI) characteristics.  The CEFT was selected because of its validity, reliability, and ease of administration.  Finally, three researcher-created instruments were administered to the subjects.  The first instrument was the MWPPRE, comprised of 12 mathematical word problems incorporating the four operations in the following manner:  three addition, three subtraction, three multiplication, and three division.  The second instrument was the MWPPOE.  This instrument was also comprised of 12 mathematical word problems using the same operations as described above.  A panel of professionals with expertise in mathematics and LD reviewed the researcher-created instruments to determine face and content validity.  Reliability of the two researcher-created instruments was determined using SPSS/PC+7.5 Cronbach Alpha procedures.  The third researcher-created instrument was a Biographical Inventory.  This inventory was used to ascertain names and situations that were familiar and enjoyable to the subjects.  The Biographical Inventory was completed cooperatively by the subject and a professional in the school.  The results of this inventory were incorporated into the mathematical word problem personalization experimental condition problems.  The questions contained in this Biographical Inventory were patterned after information used in similar studies using personalization as a factor.

General Procedures


This study was directed by implementing the following general procedures:

1. Obtaining permission to conduct the study from the school district, individual schools, and teachers in the classrooms.

2. Randomly selecting the participants and obtaining their parents’ consent and their assent to participate in the study.

3. Administering prior to the study the Biographical Inventory, WIAT Listening Comprehension Subtest, WJ-R Applied Problems and Calculation Subtests, and MWPPRE.  The Biographical Inventory responses were used to create a personalized version of the MWPPOE for participants in the personalization mathematical word problem group.

4. Implementing the intervention (strategy use) and administering the posttest (MWPPOE).
5. Scoring the instruments, coding the responses, and scoring data using SPSS.

6. Analyzing the data using SPSS descriptive and inferential statistical procedures.

Results
Learning Style, Strategy Use, Personalization, and Mathematical Responses

Selection of Appropriate Operations - Descriptive statistics indicated that the participants’ T score means for selection of appropriate operations across learning style, strategy use, and personalization of mathematical word problems ranged from 28.80 to 67.59.  Participants who were field-independent (as determined by the CEFT) using the FAST DRAW strategy and taking the MWPPOE with personalized word problems had the highest operation T score mean (58.77).  Field-dependent participants not permitted to use the FAST DRAW strategy and taking the non-personalized MWPPOE had the lowest operation mean T score (42.20).

Using an ANCOVA statistical procedure with the WIAT Listening Comprehension Subtest standard scores and the MWPPRE selection of appropriate operations T scores as covariates indicated that learning style significantly affected the participants selection of appropriate operations (F(1, 64) = 23.23, p<.000.  Field-independent participants had a higher MWPPOE T score mean than their field-dependent counter parts (55.48 vs. 44.52).  We can account for only 1% of the variance (eta squared = .010) in the participants MWPPOE Operation T score means by knowing their learning style.  The ANCOVA findings also indicated that strategy use, personalization of mathematical word problems, and the interactions of the main effects did not affect the participants selection of appropriate operation T scores.

Execution of Correct Computational Responses - Descriptive statistics indicated that participants’ T score means for execution of correct computational responses across learning style, strategy use, and personalization of mathematical word problems ranged from 30.68 to 68.39.  Field-independent participants permitted to use the FAST DRAW strategy and taking the MWPPOE with personalized mathematical word problems had the highest correct computational T score mean (59.48).  Field-dependent participants not permitted to use the FAST DRAW strategy and taking the non-personalized MWPPOE mathematical word problems had the lowest correct computational mean T score (41.65).

Using an ANCOVA statistical procedure with the WIAT Listening Comprehension Subtest standard scores and the MWPPRE execution of correct computational responses T scores as covariates indicated that learning style significantly affected the participants selection of appropriate operations (F(1, 64) = 12.40, p<.000.  Field-independent participants had a higher MWPPOE T score mean than their field-dependent counter parts (55.42 vs. 44.58).  We can account for only .7% of the variance (eta squared = .007) in the participants MWPPOE execution of correct computational responses T score means by knowing their learning style.  The ANCOVA findings also indicated that strategy use, personalization of mathematical word problems, and the interactions of the main effects did not affect the participants selection of appropriate operation T scores.

Learning Style, Strategy Use, Personalization, and Mathematical Word Problem Achievement Level

Selection of Appropriate Operations - Descriptive statistical findings indicated that both field-dependent and field-independent participants who scored in the top 50% of the MWPPOE had a higher T score mean for selection of appropriate operations (48.28, 56.00 vs. 41.27, 46.43 respectively) than field-dependent and field independent participants who scored in the lower 50%.  Furthermore, participants who scored in the top 50% of the MWPPOE and were able to use the FAST DRAW strategy had a higher T score selection of appropriate operations mean (52.42) than participants who were at the lower level and were able to use the FAST DRAW strategy (43.40).  Participants who scored in the top 50% of the MWPPOE who were not able to use the FAST DRAW strategy had a higher T score selection of appropriate operations mean (51.66) than participants at the lower level of the MWPPOE who did not use the FAST DRAW strategy (40.70).  Additionally, participants at the higher level of the MWPPOE who received personalized mathematical word problems had a higher T score selection of appropriate operations mean than participants at the lower level who received personalized mathematical word problems (51.83 vs. 44.31).  Finally, participants at the higher level on the MWPPOE not receiving personalized mathematical word problems had a higher T score selection of appropriate operations mean (52.30) than participants at the lower level who did not receive personalized mathematical word problems (40.79).  Inferential statistical findings revealed that learning style, strategy use, and personalization of mathematical word problems individually did not significantly interact with mathematical word problem achievement level to effect the selection of appropriate operations.

Execution of Correct Computational Responses - Descriptive statistical findings indicated that field-dependent participants who scored in the top 50% of the MWPPOE had a higher T score mean for execution of correct computational responses (46.40 vs. 41.23) than field-dependent participants who scores in the lower 50% of the MWPPOE.  Field-independent participants who scored in the top 50% of the MWPPOE had a higher T score mean for execution of correct computational responses (55.85 vs. 47.82) than field-independent participants in the lower 50% of the MWPPOE.  With respect to strategy use, participants at the higher level on the MWPPOE who were able to utilize the FAST DRAW strategy had a higher T score mean for execution of correct computational responses (51.61 vs. 40.11) than participants at the lower level of the MWPPOE.  Finally, participants at the higher level of the MWPPOE who received personalized mathematical word problems had a higher T score mean for execution of correct computational responses (51.79 vs. 44.39) than participants at the lower level of the MWPPOE who received personalized mathematical word problems.  Inferential statistical findings revealed that learning style, strategy use, and personalization of mathematical word problems did not significantly interact with mathematical word problem achievement level to affect the participants’ execution of correct computational responses.

Discussion

The primary interaction finding of this study revealed that learning style, strategy use, and personalization of mathematical word problems did not interact to effect the selection of appropriate operations and the execution of correct computational responses for students with LD.  There have been research studies that have agreed with these findings of this study (Fisher et al, 1988; Ysseldyke, 1979) and those that have been at variance with the findings of this study (Nunney, 1977; Mills, Dale, Cole, & Jenkins, 1995).  

The first secondary interaction result from this study revealed that learning style and strategy use did not significantly interact to effect the selection of appropriate operations or the execution of correct computational responses of mathematical word problems by students with LD.  Several studies agreed with (Kornbluth & Sabban, 1982; Canino & Cicchelli, 1988) or were at variance with (Davidson, 1983; Enochs, Handley, & Wollenberg, 1984) the findings from this first secondary interaction.  

The second secondary interaction finding from this study indicated that learning style and personalization did not interact to effect the selection of appropriate operations and the execution of correct computational responses of mathematical word problems by students with LD.  Again, this finding is in agreement with some studies (Thorkildsen & Lowrey, 1987; Lehrer et al, 1986) and at variance with other studies (Smith & Easterday, 1994; MacGregor, Shapiro, Niemiec, 1988).  

Finally, the third secondary interaction result from this study indicated that strategy use and personalization of mathematical word problems did not interact to effect the selection of appropriate operations and the execution of correct computational responses by students with LD.  This finding was in agreement with several studies (Shapiro & Goldberg, 1988; Cronbach & Webb, 1976) as well as at variance with several others (Jacque, 1997; Short & Ryan, 1984).   

The first main effect finding of this study revealed that subjects who were field-independent had a higher mean score on the MWPPOE that their field-dependent peers.  Therefore, learning style did affect students with LD’s selection of appropriate operations and execution of correct computational responses of mathematical word problems.  These findings are supported by studies with similar results (Murrell, 1994; Bosa, 1994) and some with dissimilar results (Rahn, 1997; Hodges, 1985). 

The second main effect finding of this study revealed that strategy use did not affect the selection of appropriate operations and the execution of correct computational responses of mathematical word problems by students with LD.  Again, these findings are supported by some studies (Mastropieri, Scruggs, Shiah, & Fulk (1994 – 95; Leeuw, 1982) and at variance to others (Schunk & Gunn, 1984; Mevarech, 1999).  

The third and final main effect finding of this study revealed that personalization of mathematical word problems did not significantly affect the selection of appropriate operations and the execution of correct computational responses by students with LD.  This finding is at variance to several previous studies (Davis-Dorsey et al, 1991; Lopez & Sullivan, 1992).  

The first interaction result of the secondary purpose of this study found that learning style and mathematical word problem achievement level do not interact to effect the selection of correct operations and the execution of correct computational responses by students with LD.  The results of several studies were at variance with the results of this study (Smith, 1986; Schenker, 1981). 

The second interaction finding of this study’s secondary purpose indicated that strategy use and mathematical word problem achievement level do not interact to effect the selection of appropriate operations and the execution of correct computational responses by students with LD.  One previous study was in agreement  (Shiah, Mastropieri, Scruggs, & Fulk, 1994- 95) with these findings while others were at variance with these findings (Jitendra & Hoff, 1996; Wilson & Sindelar, 1991; Whinnery & Fuchs, 1993).  

The third interaction findings of this study’s secondary purpose indicated that personalization of mathematical word problems did not interact with mathematical word problem achievement level to effect the selection of appropriate operations and the execution of correct computational responses by students with LD.  A study is in agreement (Miller & Kulhavy, 1991) and another is at variance (Lopez & Sullivan, 1991) with the findings from this study.  

Summary

With respect to primary and secondary interaction results, this study revealed that there were no statistically significant interactions between learning style, strategy use, and personalization of mathematical word problems nor did strategy use or personalization of mathematical word problems interact with the selection of appropriate operations or execution of appropriate computational responses for students with LD.  However, this study did show that learning style affected students with LD’s selection of appropriate operations and execution of appropriate computational responses when solving mathematical word problems.  

On the one hand, conducting research that addresses aptitude variables and how they interact with specific treatment strategies can be of great benefit to individuals with disabilities.  These benefits may include improved performance in a variety of curricular areas as well as long term growth in achievement.  On the other hand, the combination of aptitude attributes and individualized instructional methods may produce no significant benefits for individuals with LD. 

Additionally, the implications from the main effects are mixed as well.  Implications from the effect of learning style on mathematical word problem performance include the notion that teachers may be able to adapt their teaching style to more effectively meet the learning style needs of their students therefore concluding with more positive results with respect to mathematical problem solving.  Additional implications include the ideas that while metacognitive strategy use may or may not improve mathematical problem solving difficulties, it may want to be explored as a teaching method for improving academic performance.  Finally, while the personalization of mathematical word problems has differential effects on difficulties experienced by students with LD, it can improve students’ attitudes and motivation toward mathematical problem solving.

Implications from the three interactions from the study’s secondary purpose find that attention to learning style and achievement, particularly for students with LD, can result in performance gains.  Also, the most common features of effective instruction on strategy use for mathematical word problems have focused on the use of self-instructional prompts or self-questions, modeling, guided practice, independent practice, and mastery criterion.  These steps have been successful when instructing adolescents with LD.  Finally, effective teachers of mathematics are urged to search for ways of capitalizing on student interest through real-life experiences by integrating field-trips, students’ academic backgrounds, or unique experiences.

References

Bos, C. S., & Vaughn, S.  (1994).  Strategies for teaching students with learning and Behavior problems (3rd ed.).  Boston:  Allyn and Bacon.

Bottge, B. A.  (2001).  Reconceptualizing mathematics problem solving for low-achieving students.  Remedial and Special Education, 22(2), 102+.

Butler, D. B., Beckingham, B., & Novak-Lauscher, H. J.  (2005).  Promoting strategic

learning by eighth-grade students struggling in mathematics: A report on three case studies.  Learning Disabilities Research & Practice, 20(3), 156-174.

Calhoon, M. B., Fuchs, L. S., Hamlett, C. L.  (2000).  Effects of computer-based test accommodations on mathematics performance assessment for secondary students with learning disabilities.  Learning Disability Quarterly, 23(4), 271+.

Canino, C., & Ciccchelli, T.  (1988).  Cognitive styles, computerized treatments on mathematics achievement and reaction to treatment.  Journal of Educational Computing, 4(3), 253-264.

Cronbach, L. J., & Webb, N.  (1976).  Between-class and within-class effects in a reported aptitude x treatment interaction: Reanalysis of a study by G. L. Anderson.  Journal of Educational Psychology, 67(7), 717-724.

Davidson, P. S.  (1983).  Mathematics learning viewed from a neurobiological model

for intellectual functioning (Final report: Volume One).  Washington, DC:
National Institute of Education (ERIC Document Reproduction Service No.ED 239 914).

Davis-Dorsey, J., Ross, S.M., & Morrison, G. R.  (1991).  The role of rewording and context personalization in the solving of mathematical word problems.  Journal of Educational Psychology, 83(1), 61-68.

English, L. D.  (1998).  Children’s perspectives on the engagement potential of mathematical problem tasks.  School Science and Mathematics, 98(2), 67-75.

Enochs, J. R., Handley, H. M., & Wollberg, J. P.  (1984, November).  The relationship of learning style, reading vocabulary, reading comprehension, and aptitude for learning to achievement in the self-paced and computer-assisted instructional models of the Yeoman “A” School at the Naval Technical Training Center,
Meridian.Paper presented at the Annual Meeting of the Mid-South Educational Research Association, New Orleans, LA.

Fisher, G. L., Jenkins, S. J., Bancroft, M. J., & Kraft, L. M.  (1988).  The effects of K-ABC-based remedial teaching strategies on word recognition skills.  Journal of Learning Disabilities, 21(5), 307-312.

Gersten, R., & Chard, D.  (1999).  Number sense: Rethinking arithmetic instruction for students with mathematical disabilities.  Journal of Special Education, 33(1), 
18-28.

Hodges, H.  (1987).  I know they can learn because I’ve taught them.  Educational Leadership, 44(6), 3.

Jacque, E.  (1997, March).  Linking life experiences to classroom math.  Paper presented at the annual meeting of the American Educational Research Association, Chicago, IL.

Jitendra, A., DiPipi, C. M., & Perron-Jones, N.  (2002).  An exploratory study of schema-based word-problems—solving instruction for middle school students with learning disabilities: An emphasis on conceptual and procedural understanding. Journal of Special Education, 36(1), 23-39.

Jitendra, A. K., & Hoff, K.  (1996).  The effects of schema-based instruction on the mathematical word-problem solving performance of students with learning disabilities.  Journal of Learning Disabilities, 29(4), 422-431.

Jitendra, A. K., Salmento, M. M., & Haydt, L. A.  (1999).  A case analysis of fourth-grade subtraction instruction in basal mathematics programs: Adherence to important instructional design criteria.  Learning Disabilities Research &Practice, 14(2), 69-79.

Jordan, N. C., & Montani, T. O.  (1997).  Cognitive arithmetic and problem-solving: A comparison of children with specific and general mathematics difficulties.   Journal  of learning disabilities, 30(6), 624-634.

Kilpatrick, W. H.  (1925).  Foundations of method: Informal talks on teaching.  New            York:  Macmillan.

Kornbluth, J. A., & Sabban, Y. P.  (1982).  The effect of cognitive style and study            method on mathematical achievement of disadvantaged students.  School Science           and Mathematics, 82(2), 132-140.

Kroesbergen, E. H., & Van Luit, J. E. H.  (2003).  Mathematics interventions for children with special educational needs: A meta-analysis.  Remedial and Special Education, 24(2), 97-105.

Lopes, C. L., & Sullivan, H. J.  (1991).  Effects of personalization of math instruction for Hispanic students.  Contemporary Educational Psychology, 16, 95-100.

Lopes, C. L., & Sullivan, H. J.  (1992).  Effect of personalization of instructional context on the achievement and attitudes of Hispanic students.  Educational Technology Research and Development, 40(4), 5-13. 

MacGregor, S. K., Shapiro, J. Z., & Niemiec, R.  (1998).  Effects of a computer-augmented learning environment on math achievements for students with differing cognitive style.  Joournal of Eucational Computing Research, 4(4),  453-465.

Mastropieri, M. A., Scruggs, T. E., & Chung, S.  (1998).  Instructional interventions for students with mathematics learning disabilities. In Wong, B. Y. (Ed.), Learning about learning disabilities. (2nd ed.) (pp. 425-451).  San Diego:  Academic Press.

Mastropieri, M. A., Scruggs, T. E., Shiah, R., & Fulk, B. J.  (1994/1995).  The effects of computer-assisted instruction on the mathematical problem-solving of students with LD.  Exceptionality, 5(3), 189-193.

Mazzocco, M. M., & Thompson, R. E.  (2005).  Kindergarten predictors of math learning disability.  Learning Disabilities Research & Practice, 20(3), 142-155.

Mcleod, T. M., & Armstrong, S. W.  (1997).  Learning disabilities in mathematics- Skill 
deficits and remedial approaches at the intermediate and secondary level.  Learning Disability Quarterly, 30(2), 164-177.

Mercer, C. D., & Mercer, A. R.  (1998).  Teaching students with learning problems (5th ed.).  Upper Saddle River, NJ: Merrill.

Mevarech, Z. R.,  (1999).  Effects of metacognitive training embedded in cooperative settings on mathematical problem-solving.  Journal of Educational Research, 92(4),  195-205. 

Middllleton, J. A., & Spaniias, P. A.  (1999).  Motivation for achievement in mathematics:  Findings, generalizations, and criticisms of the research. Journal for Research in Mathematics Education, 30(1),  65-88.

Miller, D. C., & Kullhavy, R. W.  (1991) Personalizing sentences and text.  Contemporary Educational Psychology, 16, 287-292.

Miller, S. P., Butler, F. M., & Lee, K.  (1998).  Validated practices for teaching mathematics to students with learning disabilities:A review of the literature.  Focus on Exceptional Children, 31(1),  1-24.

Mills, P. E., Dale, P. S., Cole, K. N., & Jenkins, J. R.  (1995).  Follow-up of children from academic and cognitive preschool curricula at age 9.  Exceptional Children, 61(4), 378-393.

Murrell, P. C.  (1994).  In search of responsive teaching for African American males:  An investigation of student’s experiences of middle school mathematics curriculum. Journal of Negro Education, 63(4),  556-569.

National Council of Teachers of Mathematics [NCTM].  (1998).  Principles  and standards for school mathematics:  Discussion Draft.  Reston, VA: Author.

Nunny, D. N.  (1997).  Educational cognitive style:  A basis for personalizing  foreign language instruction.  Paper presented at the 1977 Joint Meeting of the Central States Conference and the Ohio Modern Language Teachers Association.  In R. Schulz (Ed.),  Personalizing  foreign language instruction:  Learning style and teaching options.  ERIC Document Reproduction Service No. ED 145 689).

Owen, R. L., & Fuchs, L. S.  (2002).  Mathematical problem solving strategy instruction for third grade students with learning disabilities.  Remedial and Special Education, 23(5), 268+.

Patton, J. R., Cronin, M. E., Bassett, D. S., & Koppel, A. E. (1997).  A life skills approach to mathematics instruction:  Preparing students with learning disabilities for the real-life demands of adulthood.  Journal of Learning Disabilities, 30(2), 178-187.

Rahn, B. C.  (1997).  The relationships between learning style, academic achievement, and attendance of selected sixth-grade urban middle school students. [CD-ROM].Abstract from:  ProQuest File:  Dissertation Abstracts Item:  9807451

Rivera, D. P., Smith, R. G., Goodwin, M, W., & Bryant, B. R.  (1998).  Mathematical word problem-solving:  A synthesis of intervention research for students with learning disabilities.  Advances in Learning and Behavior Disabilities, 12.  245-285.

Schenker, S. L.  (1981).  The relationship between matched middle school student/teacher cognitive style and achievement, self-esteem, and attitude toward school subject [CD-ROM].  Abstract from:ProQuest File: Dissertation Abstracts Item:  8125459

Schunk, D. H., & Gunn, T. P.  (1984, April).  Modeled importance of learning strategies and children’s achievement behaviors.  A paper presented at the annual meeting of the American Educational Research Association, New Orleans, LA.  (ERIC Document Reproduction Service No. ED 243 966).

Shapiro, E. S., & Goldberg, R.  (1986).  A comparison of group contingencies for increasing spelling performance among sixth grade students.  School Psychology Review 15(4), 546-557.

Shiah, R. L., Mastropieri, M. A., Scruggs, T. E., & Fulk, B. J.  (1995/1995).  The effects of computer-assisted instruction on the mathematical problem-solving of students with learning disabilities.  Exceptionality, 5(3), 131-161.

Short, E. J., & Ryan, E. B.  (1984).  Metacognitive differences between skilled and less skilled readers:  Remediating deficits through story grammar and attribution training.  Journal of Educational Psychology, 76(2), 225-235.

Smith, D. K.  (1986, April).  Learning style and academic achievement in fourth, fifth, and sixth grade students.  A paper presented at the annual meeting of the American Educational Research Association, San Francisico, CA. (Eric Document Reproduction No. ED 272 527)

Smith, T., & Easterday, K. E.  (1994)  Field dependence-independence and holistic instruction in mathematics. (ERIC Document Reproduction Service No. ED 377 072).

Thorkildsen, R., & Lowry, W. H.  (1987).  Determining the differential levels of implementation of a videodisc-based program with regular and mildly handicapped students.  (ERIC Document Reproduction Service No. ED 339 341).

Van Luit, J. E. H., & Naglieri, J. A.  (1999).  Effectiveness of the MASTER program for teaching special children multiplication and division.  Journal of Learning Disabilities, 32(2), 98-107.

Verschaffel, L., & DeCorte, E.  (1997).  Teaching realistic mathematical modeling in the elementary school:  A teaching experiment with fifth graders.  Journal for Research in Mathematics Education, 28(5), 577-601.  

Verschaffel, L., & DeCorte, E., & Vierstraete, H. (1999).  Upper elementary school pupils’ difficulties in modeling and solving nonstandard additive word problems involving ordinal numbers.  Journal for Research in Mathematics Education, 30(3), 265-285.

Whinnery, K. W., & Fuchs, L. S.  (1993).  Effects of goal and test-taking strategies on the computation performance of students with learning disabilities.  Learning Disabilities Research & Practice, 8(4), 204-214.   

Wilson, C. L., & Sindelar, P. T.  (1991).  Direct instruction in math word problems:Students with learning disabilities.  Exceptional Children, 57, 512-519.

Xin, Y. P., & Jitendra, A. K.  (1999).  The effects of instruction in solving mathematical word problems for students with learning problems:  A meta-analysis.  Journal of Special Education, 32(4), 207-225.

PAGE  
8

