
297 

 

REFERENCES 

 

Adler, J. (2002) Inset and mathematics teachers‟ conceptual knowledge in practice. In 

Proceedings of the 10th Annual Conference of the Southern African Association for Research 

in Mathematics, Science and Technology, 2, 1    8. 

 

Akkoç, H., Yeşildere, S., & Özmantar, F. (2007). Prospective mathematics teachers‟ 

pedagogical content knowledge of definite integral: the problem of limit process. In 

Proceedings of the British Society for Research into Learning Mathematics, 27 (3), 7-12. 

 

Akoojee, S. (2008). FET college lecturers: the „devolving‟ link in the South African skills 

development equation, Journal of Vocational Education & Training, 60(3), 297-313. 

 

Akoojee, S., & McGrath, S. R. (2008). Skills development for poverty reduction: Can FET 

colleges deliver? In S. Maile (2008). Education and poverty reduction strategies. Issues of 

policy coherence. Colloquium proceedings. HSRC.  

 

Akoojee, S., McGrath, S., & Visser, M. (2008). Further education and training colleges. In A. 

Kraak, & K. Press (2008). Education, employment and skills in South Africa. Human Resource 

Development (HRD) Review (pp. 254-277). Cape Town: HSRC. 

 

Alias, M., Black, T.R., & Gray, D.E. (2002). Effect of instructions on spatial visualisation 

ability in civil engineering students. International Education Journal, 3(1), 1-12. 

 

Allais, S. M. (2003). The national qualifications framework in South Africa: a democratic 

project trapped in a neo-liberal paradigm? Journal of Education and Work, 16(3), 305-323. 

 

Amoah, V., & Laridon, P. (2004). Using multiple representations to assess students‟ 

understanding of the derivative concept. McMara, O. (Ed.) Proceedings of the British society 

for the research into learning mathematics, 24(1), 1-6. 

 

Anghileri, J. (2006). Scaffolding practices that enhance mathematics learning. Journal of 

Mathematics Teacher Education, 9, 33-52.  

 

Arcavi, A. (2003). The role of visual representations in the learning of mathematics. 

Educational Studies in Mathematics, 52, 215-241. 

 

Aspinwall, L., Shaw, K.L., & Presmeg, N.C. (1997). Uncontrollable mental imagery: graphical 

connections between a function and its derivative. Educational Studies in Mathematics 33, 

301-317. 

 

Aspinwall, L., & Shaw, K.L. (2002). Connecting Research to Teaching. Representations in 

Calculus: Two Contrasting Cases. Mathematics Teacher, 95(6), 434-439. 

 

Bakhoum, E.G. (2008). Animating an equation: a guide to using FLASH in mathematics 

education. International Journal of Mathematical Education in Science and Technology, 39(5), 

637-655. 

 

Balacheff, N., & Kaput, J.J. (1996). Computer-based learning environments in mathematics, 

International Handbook of Mathematics Education. http://scholar.google.com.scholar . 

Retrieved 12 January 2006. 

 
 
 

http://scholar.google.com.scholar/


298 

 

Barton, C.N. (2009). Autograph activities. Student investigations for 16-19.  

http://www.autograph-math.com/downloads/Contents(Students).pdf. 

Retrieved 25 January 2012. 

 

Barton, B., & Paterson, J (2009). Teachers Learning Mathematics: Professional development 

research. Teaching & Learning Research Initiative. New Zealand: Crown.  

http://www.tlri.org.nz/assets/A_Project-PDFs/9256-FinalReport.pdf. Retrieved 25 January 

2012. 

 

Basit, T.N. (2003) Manual or electronic? The role of coding in qualitative data analysis. 

Educational Research 45 (2), 143   154. 

 

Bassey, M. (2003). Case study research in educational settings. England: Open University 

Press. 

 

Bazeley, P. (2009). Editorial: integrating data analyses in mixed methods research.  Journal of 

Mixed Methods Research, 3(3), 203-207. 

 

Beets, P. A.D. (2007). (Re)positioning assessment in higher education: the case of 

geography in South Africa. South African Journal of Higher Education, 21 (4), 577-584. 

 

Behr, A.L. (1988). Education in South Africa. Origins, issues and trends: 1652-1988. Pretoria: 

Academica. 

 

Bell, A. (1995). Purpose in school algebra. Journal of Mathematical Behaviour, 14, 41-73. 

 

Berger, M. (2007). CAS as a tool for learning mathematics at undergraduate level: 

some aspects of its use. African Journal of Research in SMT Education, 11(1), 17-28. 

 

Bernstein, B. (1996). Pedagogy, symbolic control and identity: theory, research, critique. 

London: Taylor & Francis.  

 

Berry, J., Johnson P., Maull, W., & Monaghan J. (1999). Routine questions and examination 

performance. In O, Zaslavsky, (Ed.), Proceedings of the 23rd Conference of the International 

Group for the Psychology of Mathematics Education (PME23) (2, pp. 105-112). Haifa, Israel. 

 

Bingolbali, E., Monaghan, J., & Roperz, T. (2007). Engineering students‟ conceptions of the 

derivative and some implications for their mathematical education. International Journal of 

Mathematical Education in Science and Technology, 38(6), 763-777. 

 

Bingolbali, E., & Monaghan, J. (2008). Concept image revisited. Educational Studies in 

Mathematics, 68, 19-35. 

 

Bjuland, R. (2007). Adult students‟ reasoning in geometry: teaching mathematics through 

collaborative problem solving in teacher education in Sriraman, B (2007). The Montana 

Mathematics Enthusiast, 4 (1), 1-30. 

 

Blaikie, N. (2003). Analysing quantitative data: From description to explanation. London: 

Sage. 

 

 
 
 

http://www.tlri.org.nz/assets/A_Project-PDFs/9256-FinalReport.pdf


299 

 

Blatto-Vallee, G., Kelly, R.R., Gaustad, M.G., Porter, J., & Fonzi, J. (2007). Visual-spatial 

representation in mathematical problem solving by deaf and hearing students. Journal of Deaf 

Studies and Deaf Education 12 (4), 432-448.  

 

Bliss, J., Askew, M., & Macrae, S. (1996). Effective teaching and learning: scaffolding 

revisited. Oxford Review of Education, 22 (1), 37-61. Vygotsky and Education. 

 

Boaler, J. (1997). Experiencing school mathematics: Teaching styles sex and setting. 

Buckingham, England: Open University Press. 

 

Bossé, M.J., & Bahr, D.L. (2008). The state of balance between procedural knowledge and 

conceptual understanding in mathematics teacher education. International Journal for 

Mathematics Teaching and Learning,www.cimt.plymouth.ac.uk/journal/bossebahr.pdf. 

 

Boulter, D.R., & Kirby, J.R. (1994). Identification of strategies used in solving 

transformational geometry problems. The Journal of Educational Research, 87 (5), 298-303. 

 

Bressoud, D. M. (2001). What‟s been happening to undergraduate mathematics. Journal of 

Chemical Education, 78 (5), 578-581. 

 

Brijlall, D., & Maharaj, A. (2010). An APOS analysis of students‟ constructions of the 

concepts of monotonicity and boundedness of sequences. Proceedings of the Eighteenth 

Annual Meeting of the Mathematics, Science and Technology - Crossing the boundaries. 

Volume 1. University of Kwazulu-Natal. Edited by Vimolan Mudaly. 
 

Brijlall, D., & Maharaj, A. (2009). An APOS analysis of students‟ constructions of the concept 

of continuity of a single-valued function. Proceedings of Delta’09, 36-49. Gordon‟s Bay. 

 

Brown, A., & Dowling, P. (2001). Doing research: A mode of interrogation for education. 

London: Falmer Press. 

 

Bryman, A. (2007). Barriers to integrating quantitative and qualitative research. Journal of 

Mixed Methods Research, 1(1), 8-22. 

 

Cai, J. (2004). Why do U.S. and Chinese students think differently in mathematical problem 

solving? Impact of early algebra learning and teachers‟ beliefs. Journal of Mathematical 

Behavior, 23 (2004). 135-167. 

 

Camacho, M., & Depool, R. (2003). Using derive to understand the concept of definite 

Integral. International Journal for Mathematics Teaching and Learning, 1-16. 

 

Cheng, P.C.H. (1999). Unlocking conceptual learning in mathematics and science with 

effective presentational systems. Computers and Education, 33, 109-130. 

 

Chmela-Jones, K.A., Buys, C., & Gaede, R.J. (2007). Visual learning and graphic design: a 

cooperative strategy SAJHE, 21 (4), 628-639. 

 

Christ, T.W. (2007). A recursive approach to mixed methods research in a longitudinal study of 

post secondary education disability support services. Journal of Mixed Methods Research, 1(3), 

226-241. 

 

 

 
 
 



300 

 

Christou, C., Jones, K., Pitta, D., Pittalis, M., Mousoulides, N., & Boytchev, P. (2008). 

Developing student spatial ability with 3-dimensional applications. 

http://www.elica.net/download/papers/DevStudSpatAbil3D.pdf. Retrieved 05 May 2010. 

 

Clark, K.M., James, A., & Montelle, C. (2009). “Expert” vs. “Advanced”: Investigating 

differences in problem-solving practices.  Proceedings of Delta’09, 50-60. Gordon‟s Bay. 

 

Clements, D.H. (2004). Geometric and spatial thinking in early childhood education. In D.H. 

Clements, J. Sarama & A. DiBiase. Engaging young children in mathematics: Standards for 

early childhood mathematics education. (pp. 267-298). United States of America: Lawrence 

Erlbaum Associates. 

 

Clements, D.H., Battista, M.T., Sarama, J., & Swaminathan, S. (1997). Development of 

students‟ spatial thinking in a unit on geometric motions and area. The Elementary School 

Journal, 98 (2), 171-186. 

 

Cohen, L. Manion, L., & Morrison, K. (2001). Research Methods in Education (5
th

 ed). 

London: Routledge Falmer. 

 

Creswell, J.W. (2009). Research design: Qualitative, quantitative, and mixed methods 

approaches.(3
rd

 ed). London: Sage. 

 

Creswell, J.W. (2007). Qualitative inquiry and research design: Choosing among 5 

approaches.(2
nd

 ed). London: Sage. 

 

Creswell, J. W., & Tashakkori, A. (2007). Differing perspectives on mixed methods research. 

Journal of Mixed Methods Research, 1(4), 303-308. 

 

Cui, L., Rebello, N.S., Fletcher P.R., & Bennett, A. G. (2006). Transfer of learning from 

college calculus to physics courses. National Association for Research in Science Teaching 

(NARST). The proceedings of the NARST 2006 annual meeting, 3-6. United States of America: 

CA. 

 

Deliyianni, E., Monoyiou, A., Elia, I., Georgiou, C., & Zannettou, E. (2009). Pupils‟ visual 

representations in standard and problematic problem solving in mathematics: their role in the 

breach of the didactical contract. European Early Childhood Education Research Journal, 

17(1), 95-110. 

 

Denscombe, M. (2002). Ground rules for good research: a 10 point guide for social 

researcher. Buckingham: Open University Press. 

 

Denzin, N. K. (1978). The research act: A theoretical introduction to sociological methods. 

New York: McGraw-Hill. 

 

Desrochers, M.N., Fink, H.C., Thomas, A., Kimmerling, J., & Tung, W. (2007). Student 

assessment: a comparison of solitary, cooperative, and competitive testing. International 

Journal of Teaching and Learning in Higher Education, 19 (3), 289-96.  

http://www.isetl.org/ijtlhe/ ISSN, 1812-9129. 

 

Dettori, G., & Lemut, E. (1995). External representations in arithmetic problem solving. In 

Sutherland, R., & Mason, J. Exploiting Mental Imagery with computers in Mathematics 

Education. Series F: Computers and Systems Sciences, 138, 20-33. Berlin: Springer-Verlag. 

 
 
 

http://www.elica.net/download/papers/DevStudSpatAbil3D.pdf


301 

 

De Villiers M. (2004). Using dynamic geometry to expand mathematics teachers‟ 

understanding of proof. International Journal of Mathematics Education in Science and 

Technology, 35 (5) 703-724. 

 

DoE (Department of education)(2006). Further Education and Training Colleges: Report on 

2006 national examination results. Natural Sciences studies and General studies. Pretoria.  

 

DoE (Department of education) & DoL (Department of Labour) (2001). Human Resource 

Development Strategy for South Africa: A Nation at Work for a Better life for All. Pretoria 

 

Dreyfus, T. (1991). Advanced mathematical thinking processes. In D.Tall. Advanced 

Mathematical Thinking. (pp. 25-41) .London: Kluwer Academic Publishers.  

 

Dreyfus, T. (1995). Imagery for diagrams. In Sutherland, R., & Mason, J. Exploiting Mental 

Imagery with computers in Mathematics Education. Series F: computers and systems sciences, 

138, 3-19. Berlin: Springer-Verlag. 

 

Duval, R. (2006). A cognitive analysis of problems of comprehension in a learning of 

mathematics. Educational Studies in Mathematics 61: 103-131. 

 

Duval, R. (1999). Representation, vision and visualization: cognitive functions in mathematical 

thinking. Basic issues for learning. In proceedings for the annual meeting of the North 

American Chapter of the International group for the Psychology of Mathematics Education, 3-

26. France. 

 

Ebert, C., & Mwerinde, P. (2002). Delineating the relationship between problem solving. 

behaviors and achievement of students in cooperative-learning groups.In M. H. Ahmadi (Ed.) 

Readings in Innovative Ideas in Teaching Collegiate Mathematics. (pp. 43-55). University 

Press of America: Lanham, MD. 

 

Eiselen, R., Strauss, J., & Jonck, B. (2007). A basic mathematical skills test as predictor off 

performance at tertiary level. Unisa Press. South African Journal of Higher Education, 

21(1), 38-49. 

 

Eisenberg, T (1991) Functions and associated learning difficulties. In Tall, D. (1991) Advanced 

Mathematical Thinking. 

 

Engelbrecht, J., Harding, A., & Potgieter, M. (2005). Undergraduate students‟ performance and 

confidence in procedural and conceptual mathematics. International Journal of Mathematics 

Education, 36 (7), 701-712. 

 

Ensor, P. (2003). The national qualifications framework and higher education in South Africa: 

some epistemological issues. Journal of education and work, 16 (3), 325-346. 

 

Eraslan, A. (2008). The notion of reducing abstraction in quadratic equations. International 

Journal of Mathematical Education in Science and Technology, 39(8), 1051-1060. 

 

Euler, L. http://www.usna.edu/Users/math/meh/euler.html. Retrieved 20 July 2010. 

 

Evangelidou, A., Spyrou,P., Elia, I., & Gagatsis, A.(2004). University students‟ conceptions of 

function. Proceedings of the 28th Conference of the International, 2, 351-358. Group for the 

psychology of mathematics education. 

 
 
 

http://www.usna.edu/Users/math/meh/euler.html


302 

 

Farmaki, V., Klaoudatos, N., & Verikios, P. (2004). From functions to equations: Introduction 

of algebraic thinking to 13-year-old students. Proceedings of the 28th Conference of the 

International Group for the Psychology of Mathematics Education,4 , 393-400. 

 

Farmaki, V., & Paschos, T., (2007). The interaction between intuitive and formal  

mathematical thinking: a case study. International Journal of Mathematical Education in 

Science and Technology, 38 (3), 353-365. 

 

Field, A. (2005). Discovering statistics using SPSS. (2
nd

 ed.). London: Sage. 

 

Fisher, G., Jaff, R., Powell, L., & Hall, G. (2003). Public further education and training 

colleges. Human Resource Development (HRD) Review. 327-51. http://hrdreview.hsrc.ac.za 

 

Fosnot, C., & Dolk, M. (2003). Mathematics in the city. Phythagorus, 57. The Association for 

Mathematics Education of South Africa. 

 

Fricke, I., Horak, E., Meyer, L., & Van Lingen, N. (2008). Lessons from a mathematics and 

science intervention programme in Tshwane township schools. South African Journal of 

Higher Education, 22 (1), 64-77. 

 

Gagatsi, A., & Petronis, T. (1990). Using geometrical models in a process of reflective  

thinking in learning and teaching mathematics, Educational Studies in Mathematics, 21(1),  

29-54. 

 

Gambell, T.J. (1991). University education students‟ self-perceptions of writing. Canadian 

Journal of Education, 16(4), 420-433. 

 

Garner, B., & Garner, L. (2001). Retention of concepts and skills in traditional 

and reformed applied calculus. Mathematics Education Research Journal, 13 (3), 165-184. 

 

Gelo, O., Braakmann, D., & Benetka, G. (2008). Quantitative and qualitative research: beyond 

the debate. Integrative psychological and behavioral science, 42, 266-290. 

 

Gerson, H., & Walter, J.G. (2008). How Blending Illuminates Understandings of Calculus. 

Proceedings for the Eleventh Special Interest Group of the Mathematical Association of 

America  on Research in Undergraduate Mathematics Education Brigham Young University. 

sigmaa.maa.org/rume/crume2008/Proceedings/Proceedings.html-106k. 

 

Gonza‟ Lez-Marti‟ n, A.S., & Camacho, M. (2004). What is first-year Mathematics students‟ 

actual knowledge about improper integrals? International Journal of Mathematics Education 

Science and Technology, 35, (1), 73-89. 

 

Gorgorió, A. (1998). Exploring the functionality of visual and non-visual strategies in solving 

rotation problems. Educational Studies in Mathematics 35, 207-231.  

 

Gravemeijer, K., & Doorman, M. (1999). Context problems in realistic mathematics education: 

A calculus course as an example. Educational Studies in Mathematics, 39, 111-129. 

Netherlands: Kluwer Academic Publishers. 

 

Groen, L., & Carmody, G. (2006). Blended learning in a first year mathematics subject. 

Uniserve Science Blended Learning Symposium Proceedings. 

 

 
 
 

http://hrdreview.hsrc.ac.za/


303 

 

Gunel, M., Hand, B., & McDermott, M.A. (2009). Writing for different audiences: effects on 

high-school students‟conceptual understanding of biology. Learning and Instruction, 19, 

354-367. 

 

Gutiérrez, A. (1996). Vizualization in 3-dimensional geometry: in search of a framework. 

in L. Puig., & A. Guttierez (eds.) Proceedings of the 20 th conference of the international 

group for the psychology of mathematics education 1, 3-19. 

 

Güven, B. (2008). The effect of dynamic geometry software on student 

mathematics teachers‟ spatial visualization skills. The Turkish Online Journal of Educational 

Technology, 7 (4) Article 11, 100-107. 

 

Haapasalo, L. (2003). The conflict between conceptual and procedural knowledge: Should we 

need to understand in order to be able to do, or vice versa? In L. Haapasalo., & K. Sormunen 

(Eds.), Towards meaningful mathematics and science education. Proceedings on the IXX. 

symposium of the Finnish mathematics and science education research association (86, pp. 1-

20). University of Joensuu. Bulletins of the Faculty of Education. 

 

Haapasalo, L., & Kadijevich, D. (2000). Two types of mathematical knowledge and their 

relation. Journal f¨urMathematik-Didaktik, 21(2), 139-157. 

 

Habre, S., & Abboud, M. (2006). Students‟ conceptual understanding of a function and its 

derivative in an experimental calculus course. Journal of Mathematical Behavior, 25, 57-72. 

 

Haciomeroglu, E. S., Aspinwall, A., & Presmeg, N. (2009). Visual and analytic thinking in 

calculus. Mathematics Teacher, 103, 140-145. 

 

Haciomeroglu, E. S., Aspinwall, A., & Presmeg, N. (2010). Contrasting Cases of Calculus 

Students‟ Understanding of Derivative Graphs. Mathematical Thinking and Learning, 12, 152-

176.  

 

Hähkiöniemi, M. (2006). Associative and reflective connections between the limit of the 

difference quotient and limiting process Journal of Mathematical Behavior, 25, 170-184. 

 

Hall, B., & Howard, K. (2008). A synergistic approach: conducting mixed methods research 

with typological. Journal of Mixed Methods Research, 2(3), 248-269. 

 

Harman, C. (2003). Reform calculus – Yesterday, today, and tomorrow. In M.O.J. Thomas and 

G. Oates (Eds.), New Zealand Journal of Mathematics: Proceedings of Remarkable Delta’03 

Fourth Southern Hemisphere Symposium on Undergraduate Mathematics and Statistics 

Teaching and Learning (pp. 89-96). Auckland: New Zealand Mathematical Society and The 

University of Auckland. 

 

Hancock, D. R., & Algozzine, B. (2006). Doing case study: A practical guide for beginning 

researchers. London: Teachers College Press. 

 

Harel, G., Selden, A., & Selden, J. (2006). In A. Gutiérrez & P. Boero (Eds.). Handbook of 

research on the psychology of mathematics education: past, present and future (pp. 147-172). 

United Kingdom: Sense. 

 

 
 
 



304 

 

Hiebert, J., & Lefevre, P. (1986). Conceptual and procedural knowledge in mathematics: An 

introductory analysis. In J. Hiebert (Ed.) Conceptual and procedural knowledge: The case of 

mathematics (pp.1-27). Hillsdale, N.J: Lawrence Erlbaum Associates.  

 

Hjalmarson, M.A., Wage, K.A., & Buck, J.R. (2008). Translating information from graphs into 

graphs: systems and signals. 

http://mathed.asu.edu/crume2008/Proceedings/Hjalmarson%20LONG.pdf. 

 

Howie, S., & Pieterse, J. (2001). Mathematics literacy of final year students: South African 

realities. Studies in Educational Evaluation, 27, 7-25. 

 

Howie, S. (2002) English Language Proficiency and Contextual Factors Influencing 

Mathematics Achievement of Secondary School Pupils in South Africa. Den Haag: 

CIP- Gegevens Koninklijke Bibliotheek. 

 

Hoz, R., & Weizman, G. (2008). A revised theorization of the relationship between teachers‟ 

conceptions of mathematics and its teaching. International Journal of Mathematical Education 

in Science and Technology, 39(7), 905-924 

 

Huntley, M.N., Marcus, R., Kahan, J., & Miller, J.L. (2007). Investigating high-school 

students‟ reasoning strategies when they solve linear equations. Journal of Mathematical 

Behavior, 26, 115-139. 

 

Indris, N. (2009). Enhancing students‟ understanding in calculus Trough writing. International 

Electronic Journal of Mathematics Education, 4 (1), 36-55. 

 

Inoue, N. (2008). Minimalism as a Guiding Principle: Linking Mathematical learning to 

everyday knowledge. Mathematical Thinking and Learning, 10, 36-67. 

 

Jacobs, J. K, Kawanaka, T., & Stigler, J. W. (1999). Integrating qualitative and quantitative 

approaches to the analysis of video data on classroom teaching. International Journal of 

Educational Research, 31, 717 -724 

 

Jaworski, B. (2004). Grappling with complexity: Co-learning in inquiry communities in 

mathematics teaching development. Proceedings of the 28
th

 Conference of the International 

group for the Psychology of Mathematics Education, 1, 17-36. 

 

Joffrion, H. K. (2005). Conceptual and procedural understanding of algebra concepts in the 

middle grades. Master of science thesis. Graduate studies of Texas A&M University.  

 

Jones, K. (2001). Appendix 8: Spatial thinking and visualisation. Teaching and Learning 

Geometry, 11-19. The Royal Society. 

 

Juter, K. (2006). Limits of functions as they developed through time and as students learn them 

today. Mathematical Thinking and Learning, 8(4), 407-431. 

 

Kågesten, O., & Engelbrecht, J. (2006). South Africa supplementary explanations in 

undergraduate mathematics assessment: a forced formative writing activity. European Journal 

of Engineering Education, 31(6), 705-715. 

 

Kasonga, R.A., & Corbett, A.D. (2008). An assessment model for improving student learning. 

South African Journal of Higher Education, 22(3), 602-614. 

 
 
 



305 

 

Kaufmann, H., & Schmalstieg, D. (2003). Mathematics and geometry education with 

collaborative augmented reality. Computers and Graphics, 27, 339-345. 

 

Keller, G. (2005). Statistics for management and economics. Duxbury: Thompson Brooks/Cole. 

 

Keller, G. (2008). Managerial statistics (2
nd 

ed.). United States of America: South-Western 

Cengage Learning. 

 

Kieft, M., Rijlaarsdam, G., & Van den Bergh, H. (2008). An aptitude-treatment interaction 

approach to writing-to-learn. Learning and Instruction, 18(4),379-390. 

 

Kilpatrick, J., Swafford, J., & Findell, B. (Eds.) (2001). Adding it up: Helping Children Learn 

Mathematics. Washington DC: National Academy Press. 

 

Klein, P. D., Piacente-Cimini, S., & Williams, L. A. (2007). The role of writing 

in learning from analogies. Learning and Instruction, 17, 595-611. 

 

Kimchi, J., Polivka,B., & Stevenson, J.S. (1991). Triangulation: Operational definitions. 

Nursing research, 40 (6), 364-366.  

 

Knuth, E.J. (2000). Student understanding of the cartesian connection: An exploratory study. 

Journal of Research in Mathematics Education, 31 (4), 500-508. 

 

Kotzé, G. (2007). Investigating shape and space in mathematics: a case study. South African 

Journal of Education, 27(1),19-35. 

 

Kouropatov, A. (2008). Approaches to the integral concept: The case of high school calculus. 

Paper for YESS-4, 1-12, Israel. 

 

Kozhevnikov, M., Hegarty, M., & Mayer, R.E. (2002). Revising the visualizer    verbalizer 

dimension: evidence for two types of visualizers. Cognition and instruction, 20(1), 47-77. 

 

Kreminski, R. (2009). Visualizing the chain rule (for functions over R and C) and more. 

International Journal of Mathematics Education science and technology, 40 (2), 277-287. 

 

Leopold, C., Gorska, R. A., & Sorby, S.A. (2001). International experiences in developing the 

spatial visualization abilities of engineering students. Journal for Geometry and Graphics, 5 

(1), 81- 91. 

 

Lomofsky, L., & Lazarus, S. (2001). South Africa: first steps in the development of an 

inclusive education system. Cambridge Journal of Education, 31(3), 303-317. 

 

Maharaj, A. (2005). Investigating the Senior Certificate Mathematics Examination in South 

Africa: Implications for Teaching. PhD thesis In Mathematics Education: Unisa. 

 

Maharaj, A. (2008). Some insights from research literature for teaching 

and learning mathematics. South African Journal of Education,28, 401-414. 

 

Mahir, N. (2009). Conceptual and procedural performance of undergraduate 

students in integration. International Journal of Mathematical Education in 

Science and Technology,40( 2), 201-211. 

 

 
 
 



306 

 

Malherbe, E.G. (1977). Education in South Africa, 2 ,1923-75. Cape Town: 

Juta Publishers. 

 

Martin, L., Towers, J., & Pirie, S. (2006). Collective mathematical understanding as 

improvisation. Mathematical Thinking and Learning, 8(2), 149-183. 

 

Mason, E.J., & Bramble, W.J. (1989). Understanding and conducting research. Applications in 

education and the behavioural sciences (2
nd

 ed.). New York: McGraw-Hill. 

 

Maull, W., & Berry, J. (2000). A questionnaire to elicit the mathematical concept images of 

engineering students,  International Journal of Mathematical Education in Science and 

Technology, 31 (6) , 899-917. 

 

Maxwell, J. A. (1992). Understanding and validity in qualitative research. Harvard 

Educational Review, 62 (3), 279-300. 

 

Maxwell, J.A. (2005). Qualitative research design: An interactive approach (2
nd 

ed.). Applied 

social research methods series, Volume 41. London: Sage. 

 

Maxwell, J.A. (2010). Using numbers in qualitative research. Qualitative Inquiry, 16(6), 475-

482.  

 

McCormick, R. (1997). Conceptual and procedural knowledge. International Journal of 

Technology and Design Education, 7, 141-159. 

 

McDermott, M.A., & Hand, B. (2010). A secondary reanalysis of student perceptions of non-

traditional writing tasks over a ten year period. Journal of Research in Science Teaching, 

47(5), 518-539. 

 

McGrath, S. (1998). Questioning education and training in South Africa: the challenge of 

moving from policy to practice. In W. Morrow & K.King (Eds.), Vision and Reality. 

Changing education and training in South Africa (Cape Town, University of Cape Town 

Press). 

 

McGrath, S. (2000). Coming in from the Cold? Further education and training in South Africa, 

Compare:A Journal of Comparative and International Education, 30(1), 67-84. 

 

McGrath, S (2004). Reviewing the development of the South African further education and 

training college sector ten years after the end of apartheid, Journal of Vocational Education & 

Training, 56(1), 137-160. 

 

McGrath, S. & Akoojee, S. (2009). Vocational education and training for sustainability in 

South Africa: The role of public and private provision, International Journal of Educational 

Development, 29, 149-156. 

 

McMahon, P. (2012) Using Autographs in the mathematics classroom. 21 century learning 

conference Hong Kong. Leading & Learning in Digital Schools.  

http://ning.21clhk.com/group/usingautographinthemathsclassroom. Retrieved 25 January 2012. 

 

McNab, S.L. (2006). Supporting algebraic thinking and generalizing about functional 

relationship through patterning in a second grade classroom. PME-NA 2006 Proceedings, 

2, 118-122. 

 
 
 



307 

 

Meagher, M. (2005). The processes of learning in a computer algebra system (CAS) 

environment for college students learning calculus. PhD dissertation, The Graduate School of 

The Ohio State University. 

 

Menchaca-Brandan, M.A., Liu, A. M., Oman, C. M., & Natapoff, A. (2007). Influence of 

perspective-taking and mental rotation abilities in space teleoperation. Proceedings of the 

ACM/IEE international. Virginia, USA:HRI‟07. 

 

Mertler, C. A. (2006). Action Research: Teachers as Researchers in the Classroom. London: 

Sage. 

 

Montiel, M. (2005). Mathematical Fluency measured with the Four Parameters of Foreign 

Language Learning: Applications of the Integral. PhD dissertation. University of New 

Hampshire. 

 

Morgan, D.L. (2007). Paradigms lost and pragmatism regained: methodological implications of 

combining qualitative and quantitative methods. Journal of Mixed Methods Research, 1(1), 48-

76. 

 

Mwakapenda, W. (2004). Understanding student understanding in mathematics, 

Pythagoras, 60, 28-35. 

 

Myers, J.L., & Well, A.D. (2003). Research design and statistical analysis Volume 1. United 

states of America: Lawrence Erlbaum Associates. 

 

National Curriculum statement Grade 10-12, general (2008). Department of Education. Subject 

assessment guideline. 

 

National Technical Certificate N6 Syllabus: August (1996). Department of Education and 

Training. 

 

National Technical Certificate N6 Examination and memorandum: August (2007). Department 

of Education and Training. 

 

NECC (The National Education Coordinating Committee) (1992). National Education Policy 

Investigation. Report of the NEPI Human Resources Development Research Group (Cape 

Town, Oxford University Press/NECC). 

 

Neria, D., & Amit, M. (2004). Students preference of non-algebraic representations in 

mathematical communication. Proceedings of the 28th Conference of the International 

Group for the Psychology of Mathematics Education, 3, 409     416. 

 

Nilklad, L. (2004). College algebra students’ understanding and algebraic thinking and 

reasoning with functions. PhD dissertation. Oregon State University. 

 

Nitko, A.J. (2004). Educational assessment of students (4
th

 Ed.). New Jersey: Pearson Prentice 

Hall. 

 

Noinang, S., Wiwatanapataphee, B., & Wu, Y.H. (2008). Teaching-learning-tool for 

integralcalculus. Proceedings of the 13th Asian Technology Conference in Mathematics,  

525-533. Thailand, Bangkok: Suan Sunandha Rajabhat University. 

 

 
 
 



308 

 

Novak, J., & Gowin, D.B. (1984). Learning how to learn. New York: Cambridge University 

Press. 

 

Novak, J. (2002). Meaningful learning: the essential factor for conceptual change in limited or 

inappropriate propositional hierarchies leading to empowerment of students. Science 

Education, 86 (4), 548-571. Wiley Periodicals, Inc.  

 

Oehrtman, M. C., Carlson, M. P., & Thompson, P. W. (2008). Foundational reasoning abilities 

that promote coherence in students‟ understandings of function. In M. P. Carlson & C. 

Rasmussen (Eds.), Making the connection: Research and practice in undergraduate 

mathematics, 27-42. Washington, DC: Mathematical Association of America. 

 

Orton, A. (1983). Students‟ understanding of integration, Educational Studies in Mathematics, 

14, 1-18. 

 

Palmiter, J.R. (1991). Effects of computer algebra system on concept and skill acquisition in 

calculus. Journal for Research in Mathematics Education, 22 (2), 151     156.  

 

Papier, J. (2008). England-Africa partnerships in higher education supporting accelerated and 

shared growth in South Africa: Report on the training of FET college lecturers in South Africa, 

England and other international contexts. 

 

Parrott, D. (1999) Integration first? The challenge and diversity. Delta 1999. 155-159. 

 

Pettersson, K., & Scheja, M. (2008). Algorithmic contexts and learning potentiality: a case 

study of students‟ understanding of calculus. International Journal of Mathematical Education 

in Science and Technology, 39(6), 767-784. 

 

Pierce, R., & Stacey, K. (2008). Using pedagogical maps to show the opportunities afforded by 

CAS for improving the teaching of mathematics. Australian Senior Mathematics Journal, 22 

(1), 6-12. 

 

Poohkay, B., & Szabo, M. (1995). Effects of animations and visuals on learning high school 

mathematics. Paper presented at the Annual meeting of the Association for Educational 

Communications and Technology. 

 

Porter, M.K., & Masingila, J.O. (1995). Effects of writing to learn mathematics on the types of 

errors students make in college calculus class. Paper presented at the annual meeting of the 

North American chapter of international group for Psychology of Mathematics Education, 17
th

 

PME-NA, 1-8, Columbus. 

 

Powell, L., & Hall, G. (2002). Quantitative overview of the further education and training 

college sector: The new landscape. Pretoria: DoE. 

 

Powell, L., & Hall, G. (2004). Quantitative overview of the further education and training 

college sector: A sector in transition: Pretoria: DoE. 

 

Pugalee, D.K. (2004). A comparison of verbal and written descriptions of students‟ problem 

solving processes. Educational Studies in Mathematics 55, 27-47. 

 

 
 
 



309 

 

Rahim, M.H., & Siddo, R. (2009). The use of visualization for learning and 

teachingmathematics. math.unipa.it/~grim/21_project/Rahim496-500.pdf Retrieved 29 June 

2010. 

 

Rasmussen, C., & Marrongelle, K. (2006). Pedagogical content tools: integrating students 

reasoning and mathematics in instruction. Journal for Research in Mathematics Education, 37 

(5), 388-420. 

 

Rittle-Johnson, B., & Koedinger, K.R. (2005). Designing knowledge scaffolds to support 

mathematical problem solving, Cognition and Instruction, 23 (3), 313-349. 

 

Robson, C. (2002). Real world research. (2
nd

 ed.). Blackwell: Oxford. 

 

Rochowicz, J.R. (1996). The impact of using computers and calculators on calculus instruction: 

various perceptions. International Journal of Computers in Mathematical and  Science 

Teaching, 15(4), 387-399. 

 

Rösken, B., & Rolka, K. (2006). A picture is worth a 1000 words - the role of visualization in 

mathematics learning. In J. Novotná, H. Moraová, M. Krátká, & N. Stehlíková, (Eds.), 

Proceedings 30th Conference of the International Group for the Psychology of Mathematics 

Education, 4, 457-464. Prague: PME. 

 

Rouhani, B. (2004). A case study of students’ knowledge of functions in an online college 

algebra course. PhD dissertation.University of Georgia. 

 

Ryu, H., Chong, Y., & Song, S. (2007). Mathematically gifted students‟ spatial visualization 

ability of solid figures. In J.H. Woo, H.C. Lew, K.S. Park & D.Y. Seo (Eds.), Proceedings of 

the 31st Conference of the International Group for the Psychology of Mathematics Education 

(4, pp. 137-144). Seoul: PME. 

 

Sabella, M.S., & Redish, E.F. (1996). Student understanding of topics in calculus. 

www.physics.umd.edu/perg/plinks/calc.htm. Retrieved 13 August 2008 

 

Samo, M.A. (2009). Students‟ perceptions about the symbols, letters and signs in algebra and 

how do these affect their learning of algebra: a case study in a government girls secondary 

school, Karachi. International Journal for Mathematics Teaching and Learning, 335-370. 

 

Santos, M. (2000). The use of representations as a vehicle to promote students‟ mathematical 

thinking in problem solving. The international Journal of Computers Algebra in Mathematics 

Education, 7 (3), 193-212. 

 

Schumacher, S., & McMillan, J. (1993). Research in Education (3
rd

 Ed.). New York: Harper 

Colins College Publishers. 

 

Seally, V. (2006). Definite integrals, Riemann sums, and area under a curve: What is necessary 

and sufficient? In Alatorre, S., Cortina, J.L., Sáiz, M., and Méndez, A.(Eds) (2006). 

Proceedings of the 28th annual meeting of the North American Chapter of the International 

Group for the Psychology of Mathematics Education. Mérida, México:Universidad 

Pedagógica Nacional. 

 

Serhan, D. (2006). The effect of graphing calculators use on students’ understanding of the 

derivative at a Point. http://www.cimt.plymouth.ac.uk/journal/serhan.pdf. 

 
 
 



310 

 

Setati, M. (2008). Access to mathematics versus access to the language of power: 

the struggle in multilingual mathematics classrooms. South African Journal of Education, 28, 

103-116. 

 

Shulman, L.S. (1986). Those who understand: knowledge growth in teaching. Educational 

researcher, 15 (2), 4-14.  

 

Sierpinska, A. (1992). On understanding the notion of function. In G. Harel and E.Dubinsky 

(Eds.), The Concept of Function, Aspects of Epistemology and Pedagogy, 25, 25-58. USA: 

Mathematical Association of America. 

 

Skemp, R. (1976). Relational understanding and instrumental understanding, Mathematics 

Teacher, 77, 20-26. 

 

Smith, K., & Shotsberger, P. (2001). Web-based teacher education: Improving communication 

and professional knowledge in preservice and inservice teacher training. Available [online]. 

Eric Document #ED459161. 

 

Smith, D.A. (2010). Mathematics survival guide. Mathematics Subject Classification. Primary 

97Dxx, Secondary 97D30. 

South African Map. www.southafrica.to/provinces/provinces.htm. 

 

Sonn, R. (2008). Poverty, unemployment and education: strategies to address the disservice of 

modern development. In S. Maile. (2008). Education and poverty reduction strategies. Issues 

of policy coherence. Colloquium proceedings. HSRC. 

 

Statistics South Africa (2006). http://www.statssa.gov.za. 

 

Star, J. (2005). Reconceptualizing procedural knowledge, Journal of Research in Mathematics 

Education, 36, 404-411. 

 

Swangrojn, P. (2003). Solving Algebra Word Problems: Solution Strategies Thai Students Used 

and Potential Connections with Teachers’ Instructional Strategies. PhD dissertation. Oregon 

State University. 

 

Tall, D. (1991). Advanced Mathematical Thinking. London: Kluwer Academic Publishers. 

 

Tall, D. (1995). Visual organisers for formal mathematics. In Sutherland, R., & Mason, J. 

Exploiting Mental Imagery with computers in Mathematics Education. Series F: Computers 

and Systems Sciences, 138, 52-70. Springer-Verlag Berlin Heidelberg. 

 

Tall, D. (1996). Calculus and functions. In A. Bishop et al. (Eds.), International handbook of 

mathematics education, Part 1, 289-324. Dordrecht: Kluwer Academic Publishers. 

 

Tall, D. (2000). Cognitive development in advanced mathematics using technology. 

Mathematics Education Research Journal, 12(3), 210-230. 

 

Tartre, L.A. (1990). Spatial orientation skill and mathematical problem solving.  Journal for 

Research in Mathematics Education. 21 (3), 216-229. 

 

Tashakkori, A., & Creswell, J.W. (2007). Exploring the nature of research questions in mixed 

methods research. Journal of Mixed Methods Research, 1(3), 207-211. 

 
 
 

http://www.southafrica.to/provinces/provinces.htm
http://www.statssa.gov.za/


311 

 

Taylor-Powell, E., & Renner, M. (2003). Analyzing qualitative data. Programme development 

and evaluation. Madison. 

 

Teddlie, C., & Tashakkori, A. (2009). Foundations of mixed methods research: integrating 

quantitative and qualitative approaches in the social and behavioural sciences. London: Sage. 

 

Thompson, P. W., & Silverman, J. (2008). The concept of accumulation in calculus. In M. P. 

Carlson., & C. Rasmussen (Eds.), Making the connection: Research and teaching in 

undergraduate mathematics, (pp. 43-52). Washington, DC: Mathematical Association of 

America. Available at http://pat-thompson.net/PDFversions/2008MAA Accum.pdf. 

 

Thornton. (2001). A picture is worth a thousand words. Accessed 27/07/2005 

Math.unipa.it/~grim/Athornton251.pdf. 

 

Ubuz, B. (2007). Interpreting a graph and constructing its derivative: stability and change 

in students‟ conceptions. International Journal of Mathematical Education in 

Science and Technology, 38(5), 609-637. 

 

Vandeyar, S. & Killen, R. (2007). Educators‟ conceptions and practice of classroom 

assessment in post-apartheid South Africa. South African Journal of Education, 27(1),101-115. 

 

Van Garderen, D. (2003). The division for learning disabilities of the council for exceptional 

children visual-spatial representation, mathematical problem solving, and students of varying 

abilities. Learning Disabilities Research & Practice, 18(4), 246-254. 

 

Van Rooyen, L.(2009). Cutting the edge newsletter. FET colleges: What is the solution? South 

Africa. http://www.assess.co.za/newsletter/200908/readmore01.htm 

 

Vaughn, S., Klinger, J., & Hughes, M. (2000). Sustainability of research-based practice. 

Exceptional children, 66 (2), 163-171. 

 

Viswanathan, M. (2005). Measurement error and research design. London: Sage. 

 

Vygotsky, L.S. (1978). Mind in society, the development of higher psychological processes. 

(Eds) Cambridge, Harvard University Press. 

 

Walter J.G., Barros, T.R., Gerson, H. (2008). Semantic warrants, mathematical referents, and 

personal agency in theory building. 

http://www.rume.org/crume 2008/walter-LONG.pdf Accessed 30/01/2009. 

 

White, P., & Mitchelmore, M. (1996). Conceptual knowledge in introductory calculus, Journal 

for research in Mathematics Education, 27 (1), 79-95. 

 

Wikipedia free encyclopedia, http://en.wikipedia.org/wiki/Spatial_visualization_ability.  

 

Willemse I. (2004). Statistical Methods for business and Basic Calculations (2
nd

 Edition). 

South Africa: Juta & Co. 

Woolner, P. (2004). A comparison of a visual-spatial approach and a verbal approach to the 

teaching of mathematics. In Høines, M.J. & Fugelstad (Eds.). The Psychology of Mathematics 

Education,4 (28), 449-456. 

 

 
 
 

http://www.rume.org/crume%202008/walter-LONG.pdf
http://en.wikipedia.org/wiki/Spatial_visualization_ability


312 

 

Yasin, S., & Enver, T. (2007). Students‟difficulties with application of definite integration 1. 

Educaƫia Matematică 3(1-2), 15-27. 

 

Young, M. F. D. (2003). National qualifications frameworks as a global phenomenon: a 

comparative perspective, Journal of Education and Work, 16 (3), 305-324. 

 

Yost, D. (2008). Integration: reversing traditional pedagogy. Australian Senior Mathematics 

Journal, 22 (2), 37-40. 

 

Zimbardo, P.G., Butler, L.D., & Wolfe, V. A. (2003). Cooperative college examinations: more 

gain, less pain when students share information and grades. The Journal of Experimental 

Education, 71 (2), 101-125. 

 

Zohar, A., & Peled, B. (2008). The effects of explicit teaching of metastrategic knowledge on 

low- and high-achieving students. Learning and Instruction, 18(4), 337-353. 

 

Zucker, S. (2003). Assessment report. Fundamentals of Standardized Testing. Pearson.  

 
 
 



313 

 

APPENDICES 

 

APPENDIX 1A: SYLLABUS ON APPLICATION OF THE DEFINITE INTEGRAL 

 

The section to be covered on volumes on application of the definite integral is indicated below 

as stipulated in the syllabus, so that the researcher can ensure that the proper standards are 

maintained in terms of how students are taught and assessed in class. Other sections can be 

referred to in the Syllabus for Mathematics N6 (1996). 

 

√ MODULE 5: APPLICATIONS OF THE DEFINITE INTEGRAL 

 

 All the applications in this module must be done as follows: 

 Draw a neat sketch of the relevant curves and clearly indicate the relevant points of 

intersection after suitable calculations.   

 Indicate the representative strip and the relevant limits, as well as the distance to the 

reference axis when moments are to be determined.  

 Give the equation for the volume, centroid, moment etc. of the representative strip. 

  

 Apply the operation for summation (Determine the correct definite integral.) 

 

NB Only curves prescribed in the N1 to N6 Syllabi will be examined.  

 

 √ Volumes 

 

 On completion of this topic, the student should be able to calculate the volume 

developed when an area enclosed between a given curve and an axis, or between two 

given curves is rotated about a reference axis, with the specific application of the 

representative strip being parallel to the axis about which the area is rotated (the tin 

effect). (Syllabus for N6, 1996:10) 
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APPENDIX 1B: PRELIMINARY STUDY 2005 

 
RESEARCH ON SOLIDS OF REVOLUTION: MATHEMATICS N6 

 
RESEARCHER: BLK MOFOLO             04 JULY 2005: TEST 1 

_____________________________________________________________________ 

ANSWER ALL QUESTIONS ON THE WORKSHEET 

_____________________________________________________________________ 

 

Instructions: In all the questions show the solid of revolution, the method used and the strip. 

 

Question 1 

 

Find the volume generated when the area bounded by the graphs is rotated about the X-axes. 

 

(a) cosy x  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b)   
2y x and 3.x  ( Draw the graph and shade the area used) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

y 

x 

 

1 

y = cos x 

y 

x 
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Question 2 

 

Find the volume generated when the area bounded by the graphs is rotated about the Y-axes. 

 

(a) y x  and 
2y x  

 

 
 

(b) The first quadrant area of 
2 2 9.x y   (Draw the graph and shade the area used) 

2y x and 3.x   The first quadrant area of 
2 2 9.x y   

 

 
 

 

 

 

 

 

 

 

 

 

 

  

y 

x 

y =  

y = x
2
 

y 

x 
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RESEARCH ON SOLIDS OF REVOLUTION: MATHEMATICS N6 

 

RESEARCHER: BLK MOFOLO            07 JULY 2005: TEST 2 

____________________________________________________________________________ 

ANSWER ALL QUESTIONS ON THE WORKSHEET 

____________________________________________________________________________ 

 

Instructions: In all the questions show the solid of revolution, the method used and the strip. 

 

Question 1 

 

Find the volume generated when the area bounded by the graphs is rotated about the X-axes. 

 

(a) 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 1; 3x x  and 
xy e  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) 
2 2 1; 2y x y   and 4.y   (Draw the graph and shade the area used) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

y 

x 
 

1 

y = 1 

y = sinx 

y 

x 
1 

y = e
x
 

3 

y 

x 

 
 
 



317 

 

Question 2 

 

Find the volume generated when the area bounded by the graphs is rotated about the Y-axes. 

 

(a)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) 
2 4y x  and 4.2y x   (Draw the graph and shade the area used) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 
 

y 

x 
x = 1 

y = x + 1 

x = 4 

y 

x 

y =  

y = x
2
 

y 
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APPENDIX 2A: PILOT (2006) BEFORE RESHUFFLED   Researcher: Mofolo BLK 

1.  A LG                        VS    ( 2D )  

1A. Represent 
2 2

9x y   by a picture. 

 
1B. Represent 

1

2

0

( )x x dx ; by a picture 

2.  VIS                          ALG    ( 2D )  

2A. Give the formula for the area of the shaded  

region. 

     

2B. Give a formula for the area of the shaded  

       

region. 

 

3.  A LG                             VS    ( 3D )  

3A: Draw the 3D solid of which the volume is  

given by  

1

2 2

0

(1 )V x dx   

 

3B: Draw the 3D solid of which the volume is  

given by  

1

2

0

2 (1 )V x x dx   

4.  VIS                               ALG      ( 2D )  

4A: Below the 1
st
 quadrant area bounded by graphs of 

2 2
5x y   and 2xy  is selected using the given 

strip. Give the formula for the volume  

generated if this area is rotated about the x-axis. 

Do not calculate the volume. 

                            
 

4B: Below the region bounded by the graph of  

cosy x , the x-axis and the y-axis is selected by 

the given strip. Give the formula for the volume 

generated when this area is rotated about the y-

axis.. Do not calculate the volume.   

 

5.  2D                              3D  

5A: Draw the solid that will be formed if a line with a 

positive gradient passing through the origin is rotated 

about the x-axis, where  0,3x . 

 

 

 

 

5B: What solid do you get if you rotate the circle 

below about the y-axis? 

 

6.  3D                           2D  

6 A: Discuss how a hemisphere is generated as a solid of 

revolution. 

 

 

 

 

 

6 B: A hole with radius 2 cm is drilled through the  

centre of  the sphere of radius 5 as in the picture.  

Describe the curves that are rotated to generate this 

solid.  

 

 

 

 

 

(2;1) 

(1;2) 
 

y = cos x 

Y 

X 

2 

y = x
2
 y = x + 2 

-1 

Y 

X 

1 

xy = 4 

3 

Y 

X
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f 

 

 
 3 

 

 

 

Y 

X 

7.  CONTINUOUS                                DISCRETE  (VIS)   2D  

7 A: Sketch three additional rectangles (similar to 

 the given rectangle) so that the total area of the  

 rectangles approximates the  shaded area. 

 

 

8.  CONTINUOUS                            DISCRETE   (VISL)  (3D) 

8A: When the graph below is rotated, the solid on the 

right is generated. Show how you would cut the solid in 

appropriate shapes (discs, shells or washers) to 

approximate the volume of the solid. 

 

8 B:  When the graph below is rotated, the solid on 

the right is generated. Discuss how you would cut it 

to generate either ( discs, shells or washers). 

 

 

9.  {DISCRT               CONTNS   and   CONTS                DISCRT }  (ALG) 

9 A: Show what the following represent with a  

sketch.   

2 (0) 2 (2) 2 (4)f f f    

 

9 
B: If the volume of the given solid of 

revolution is approximated by discs, sketch the 

discs that would give the volume.

     
2 2 2

(0) (1) (2)f f f     
 

 

 

 
 
 

 

10.  ALGEBRAIC SKILLS 

10 A : Calculate  

1

2 2

0

(1 )x dx   10 B: Calculate  

1

0

2 (1 sin )x x dx   

11.   COGNITIVE SKILLS 

11 A: Given the graphs of siny x  and 1y   

(i) Draw the graphs and shade the area bounded by the 

       graphs and x = 0  

(ii) Show the rotated area about the y-axis and the strip  

       Used 

(iii) Write down a formula to find the volume when the  

       region between siny x  and 1y   is rotated about 

       the y-axis. 

 

11 B: Use integration methods to derive the  

formula of a volume of a cone of radius r and 

height h. 

 

2 

f 

6 4 
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APPENDIX 2B: PILOT ADMINISTERED 2006    Researcher: Mofolo BLK 

1: Below the 1
st
 quadrant area bounded by graphs of 

2 2
5x y   and 2xy   is selected using the given 

strip. Give the formula for the volume generated if 

this area is rotated about the x-axis.  

Do not calculate the volume. 

                            
 

 

2: Calculate dxx 22
1

0

)1(    

 

 

 

 

 

3: When the graph below is rotated, the solid on 

the right is generated. Discuss how you would cut it 

to generate either discs, shells or washers. 

 

 

4: Draw the solid that will be formed if a line with a 

positive  gradient  passing through the origin is  

rotated about the x-axis, where  0,3x . 

 

 

5: Represent 
2 2 9x y   by a picture. 

 

 

 

 

6: A hole with radius 2cm is drilled through 

the centre of the sphere of radius 5cm as in the  

picture. Describe the curves that are rotated to  

generate this solid.  

 

 

 

 

 

 

7: Draw the 3D solid of which the volume is given  

by: 
1

2 2

0

(1 )V x dx    

 

 

 

(2;1) 

(1;2) 
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8: Give the formula for the area of the shaded region. 

Do not calculate the area

 
 

 

9: Given: siny x  and 1y   

(i)  Draw the graphs and shade the  area bounded by 

      the graphs and x = 0  

(ii) Show the rotated area about the y-axis and the  

      strip used to find the volume. 

(iii)Write down a formula to find the volume when 

      the region bounded by siny x  and 1y   is  

      rotated about the y-axis. Do not calculate the 

      volume. 

 

10: Draw the 3D solid of which the volume is given 

by: 
1

2

0

2 (1 )V x x dx   

 

11: When the graph below is rotated, the solid on the 

right is generated. Show how you would cut the solid 

in appropriate shapes (discs, shells or washers) to 

approximate the volume of the solid. 

 

 

12: If the volume of the given solid of revolution is 

approximated by discs, sketch the discs that would 

give the volume:      222
)2()1()0( fff    

 

 

Y 

X 

2 

y = x
2
 y = x + 2 

-1 
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13. Represent 
1

2

0

( )x x dx ; by a picture 

 

 

 

 

14: Below the region bounded by the graph of  
xy cos , the x-axis and the y-axis is selected by the 

given strip. Give the formula for the volume 

generated when this area is rotated about the y-axis. 

Do not calculate the volume.

 

 

15: Show in terms of rectangles what the following 

represent with a sketch: 

 

2 (0) 2 (2) 2 (4)f f f   

 
 

 

16: Calculate 
1

0

2 (1 sin )x x dx   

 

 

 

 

 

 

y = cos x 

2 

f 

6 4 

f 

 

 
 3 

 

 

 

Y 

X 
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17: What solid do you get if you rotate the circle 

below about the y-axis? 

 

 

18: Use integration methods to derive the formula for 

the volume of a cone of radius r and height h.  

 

 

 

 

 

 

 

 

 

19: Give a formula for the area of the shaded region. 

 
 

 

20: Sketch four additional rectangles (similar to the 

given rectangle) so that the total area of the 

rectangles approximates the area under the graph.

 
 

 

21: Discuss how a hemisphere is generated as 

       a solid of revolution. 

 

 

 

 

 

 

 

  

Y 

X 

1 

xy = 4 

3 

Y 

X

 

 
 
 



324 

 

APPENDIX 3A: CHANGED INSTRUMENT  

The questions were changed as follows from the pilot to the main study:  

PILOT STUDY 1.  MAIN STUDY 
 2.  1. Graphing Skills 

Was changed and modified from 5A 

5A: Draw the solid that will be formed if a line  with a 

positive gradient  passing through the origin is rotated about 

the  x-axis, where   0,3x . 

1 A:  Draw a line with a positive gradient  passing  

through the origin for  0,3x
 
                Changed 

New question 1 B: Sketch the graphs and shade the first quadrant area bounded 

by 
2 2

9x y  and 5x                              New 

 

1. A LG                              VS    ( 2D  )  2.  A LG                           VS (2D)  

1A. Represent 
2 2

9x y   by a picture.   

  

2A: Represent 
2 2

9x y   by a picture.       Same  

1B. Represent 

1

2

0

( )x x dx  ; by a picture 

 

2B:   Sketch the area represented by  

1

0

2)( dxxx

 
                                                                            Modified 

2. VIS                             ALG    ( 2D  )  3. VIS                            ALG (2D)  

2A.   Give the formula for the area of the shaded region.    

 
 

3A:   Substitute the equations of the given graphs in a suitable 

formula to represent the area of the shaded region.     

 
                                                                               Modified 

2B. Give a formula for the area of the shaded region. 

 

3B: Substitute the equations of the given graphs in a  

         suitable formula to represent the area of the shaded 

         region. 

 
                                                                               Modified 

 

3. A LG                                VS      ( 3D  )  4. A LG                       VS      ( 3D  )  

3A: Draw the 3D solid of which the volume is given by 
1

2 2

0

(1 )V x dx   

 

4A:  Draw the 3D solid of which the volume is given by V= 

 

1

0

2)1( dxx  and show the representative strip. 

                                                      Modified and made easier 

3B: Draw the 3D solid of which the volume is given by 
1

2

0

2 (1 )V x x dx   

4B: Draw the 3D solid of which the volume is given by 

V= 

1

2

0

2 (1 )x x dx   and show the representative strip. 

                                                                                  Modified 

 

Y 

X 
2 

y = x
2 y = x + 2 

-1 

Y 

X 
2 

y = x
2 y = x + 2 

-1 

Y 

X 

1 

xy = 4 

3 

Y 

X 

1 

xy = 4 

3 
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4. VIS                            ALG      ( 2D  )  5.  VIS                             ALG      ( 3D  )  

4A: Below the 1st quadrant area bounded by graphs of   
2 2

5x y   and 2xy   is selected using the given strip. 

Give the formula for the volume generated if this area is 

rotated about the x-axis.  

Do not calculate the volume. 

                            
 

5A: The figure below represents the first quadrant area bounded by 

the graphs of 
2 2

5x y   and 2xy  .  

  Using the selected strip, substitute the equations of the given  

  graphs in a suitable formula to represent the volume generated if  

  the selected area is rotated about the x-axis. 

  Do not calculate the volume. 

 
                                                                                    Modified 

4B: Below the region bounded by the graph of cosy x , 

the x-axis and the y-axis is selected by the given strip. Give 

the formula for the  volume generated when this area  is 

rotated about the y-axis. Do not calculate the volume.  

 

5B:   The figure below represents the area bounded by the graphs 

of cosy x , the x-axis and the y-axis. Using the selected strip, 

substitute the equations of the given graphs in a suitable formula to 

represent the volume generated when this area is rotated about the 

y-axis. Do not calculate the volume. 

   
 

Modified 

5. 2D                               3D  6. 2D                              3D 

5A: Draw the solid that will be formed if a line with a 

positive gradient  passing through the origin is rotated about 

the  x-axis, where   0,3x . 

Changed to be 1A 

Changed to be 1A above for the main study and replaced by  
6A: Draw the 3-dimensional solid that is generated when the 

shaded area below is rotated about the x-axis. 

 

5B: What solid do you get if you rotate the circle  below  

about the y-axis? 

 

6 B: Draw a 3-dimensional solid that will be generated if you  

rotate the circle below about the y-axis. 

 

 

 

 

 

 

 

 

Modified 

 

 

6.  3D                           2D  7.  3D                                 2D  

 

(2;1) 

(1;2) 

 

y = cos x 

 

y = cos x 

Y 

X 

Y 

X

 

Y 

X
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6 A: Discuss  how a hemisphere is generated as  a solid of  

revolution. 

 

7 A: Sketch a graph that will generate half a sphere when rotated 

about the y- axis.                                                              Modified 

6 B: A hole with radius 2 cm is drilled through the centre of 

the sphere of radius 5 as in the picture. Describe the curves 

that are rotated to generate this solid.  

 

 

 

 

 

 

 

 

7 B: A hole is drilled through the centre of the sphere as in the  

picture. Sketch the graphs that were rotated to generate the solid  

as in the picture below.   

 

 

 

 

 

 

 

                                                                                        Modified 

7. CONTINUOUS                           DISCRETE  (VIS  2D)  8. CONTINUOUS                       DISCRETE (VIS) 2D and 3D 

7 A: Sketch three additional rectangles (similar to the given 

rectangle) so that the total area of the rectangles 

approximates the shaded area. 

 
 

8 A: Sketch three additional rectangular strips (similar to the given 

rectangle) so that the total area of the rectangles approximates the 

area under the graph. 

 
                                                                                        Modified 

8. CONTINUOUS                        DISCRETE   (VISL 3D)  

8A: When the graph below is rotated, the solid on the right is 

generated. Show how you would cut the solid in appropriate 

shapes (discs, shells or washers) to approximate the volume 

of the solid. 

 
 

                                                                                        Removed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 B: When the graph below is rotated, the solid on the right 

is generated. Discuss how you would cut it to generate either 

(discs, shells or washers). 

 

 
 

8B:  When the plane region (a) on the left is rotated, the 3-

dimensional solid of revolution (b) on the right is generated. Show 

using diagrams how you would cut the solid of revolution (b) in 

appropriate shapes (discs, shells or washers) to approximate its 

volume. 

 

 
 

                                                                                    Modified 

 

Y 

X 
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9. {DISCRT                            CONTNS   and   CONTS                                   DISCRT } (ALG) 

9 A: Show what the following represent with a sketch. 

2 (0) 2 (2) 2 (4)f f f    

 

 

9 A: Show in terms of rectangles what the following represent 

with a sketch:  

2 (0) 2 (2) 2 (4)f f f    

 
                                                                                Modified 

9 B: If the volume of the given solid of revolution is  

approximated by discs, sketch the discs that would give the 

volume.      222
)2()1()0( fff     

 
 

9 B: If the volume of the given solid of revolution is 

approximated by discs, sketch the discs that would give the 

volume:      222
)2()1()0( fff     

 
                                                                                    Same 

 

10. GENERAL MANIPULATION SKILLS   

 10 A: Calculate the point of intersection of  

 
2 24 9 36x y  and 2 3 6x y                         Added 

10 A: Calculate dxx 22
1

0

)1(   

10 B: Calculate dxxx )sin1(2

1

0

   

 

10B : Calculate dxx 22
1

0

)1(                             Same 

 

10 C: Calculate dxxx )sin1(2

1

0

                            Same 

11. COGNITIVE SKILLS 

11 A: Given the graphs of siny x  and 1y   

(i)  Draw the graphs and shade the area  

      bounded by the graphs and x = 0  

(ii) Show the rotated area about the y-axis and the strip used 

(iii)Write down a formula to find the volume when the region  

      between siny x  and 1y    is rotated about the y-axis. 

 

 

11 A: Given: xy sin , where 0 ,
2

x



 
 
 

and 1y   

(i) Sketch the graphs and shade the  area bounded by the graphs 

     and x = 0  

(ii) Show the rotated area about the y-axis and the 

representative strip to be used to calculate the volume generated. 

(iii) Calculate the volume generated when this area is rotated  

       about the y-axis.                                                   Modified 

11 B: Use integration methods to derive the formula of a  

          volume of a cone of radius r and height h. 

 

 

 

11 B: Use integration methods to show that the volume of  

a cone of radius r and height h is given by 
21

3
r h . 

 

 

 

                                                                                 Modified 

2 

f 

6 4 

3 

f 
f 

 

 
2 1 3 
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APPENDIX 3B: MAIN INSTRUMENT ADMINISTERED 

Data collecting Instrument for VSOR: Administered 

March, 2007                           Researcher: Mofolo BLK 

SECTION A 

1. Draw the 3D solid of which the volume is given by  
1

2

0

2 (1 )V x x dx   and show the representative 

strip. 

 

 

 

 

 

2. Calculate the point of intersection of  

 

   
2 24 9 36x y  and 2 3 6x y   

 

 

 

 

 

 

 

 

 

 

 

3. Sketch the graphs and shade the first quadrant  

    area bounded by 922  yx and 5x  

 

 

 

 

 

 

 

 

4. Calculate  dxxx )sin1(2

1

0

   

 

 

 

 

 

 

 

 

 

 

 

 

5. Sketch a graph that will generate half a sphere when 

rotated about the y- axis. 
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6. Substitute the equations of the given graphs in a 

suitable formula to represent the area of the shaded 

region. 

 
 

 

7. Show in terms of rectangles what the  following 

represent with a sketch:  

2 (0) 2 (2) 2 (4)f f f   

  
 

 

8. Draw the 3-dimensional solid that is generated when 

the shaded area below is rotated about the x-axis. 

 

 

 

 

 

 

  

Y 

X 

1 

xy = 4 

3 

2 

f 

6 4 

Y 

X 

 
 
 



330 

 

SECTION B 

9. Sketch the area represented by  

1

0

2)( dxxx  

 

 

 

 

 

10. A hole is drilled through the centre of the 

      sphere as in the picture. Sketch the graphs 

      that were rotated to generate the solid as 

      in the picture below.   

 

 

 

 

 

 

 

11. Given: siny x , where 0 ,
2

x



 
 
 

and  1y  

(i) Sketch the graphs and shade the  area bounded by  

     the graphs and x = 0  

(ii) Show the rotated area about the y-axis and the  

      representative strip to be used to calculate the  

      volume generated. 

(iii) Calculate the volume generated when this area is  

       rotated about the y-axis.   

 

 

 

 

 

 

12. Draw a line with a positive gradient  passing 

through the origin for  0,3x  

 

 

 

 

 

 

13. The figure below represents the area bounded by 

the graphs of cosy x , the x-axis and the y-axis. 

Using the selected strip, substitute the equations of 

the given graphs in a suitable formula to represent 

the volume generated when this area is rotated 

about the y-axis. Do not calculate the volume. 

  
 

 

 

y = cos x 
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14. When the plane region (a) on the left is rotated, the 

3-dimensional solid of revolution (b) on the right is 

generated. Show using diagrams how you would cut 

the solid of revolution (b) in appropriate shapes (discs, 

shells or washers) to approximate its volume. 

 

 

15. Draw the 3D solid of which the volume is given 

by 

1

2

0

(1 )V x dx   and show the representative 

strip. 

 

 

 

 

 

16. Calculate 
1 2 2

(1 )
0

x dx 
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SECTION C 

17. If the volume of the given solid of revolution is 

approximated by discs, sketch the discs that would give 

the volume:      222
)2()1()0( fff     

 

 

18. Use integration methods to show that the volume of 

a cone of radius r and height h is  given by 
1 2

3
r h . 

 

19. Substitute the equations of the given graphs in a 

suitable formula to represent the area of the shaded 

region.     

 

 

20. Draw a 3-dimensional solid that will be  

      generated if you rotate the circle below  

      about the y-axis. 

 

 

 

 

21. Sketch three additional rectangular strips (similar to 

the given rectangle) so that the total area of the 

rectangles approximates the area under the graph. 

 
 

 

f 

 

 
2 1 3 

 

 

 

Y 

X 

Y 

X 
2 

y = x
2
 y = x + 2 

-1 

Y 

X 

Y 
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22. Represent 
2 2

9x y   by a picture. 

     

 

 

23. The figure below represents the first quadrant area 

bounded by the graphs of 
2 2 5x y   and 2xy  . 

Using the selected strip, substitute the equations of the 

given graphs in a suitable formula to represent the 

volume generated if the selected area is rotated about 

the x-axis. Do not calculate the volume. 
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APPENDIX 4A: MAIN RESULTS FOR THE QUESTIONNARE 1
st
 RUN 

College Students 1A 1B 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B 7A 7B 8A 8B 9A 9B 10A 10B 10C 11A 11B 

  ELM1 ELM2 ELM3 ELM4 ELM5 ELM6 ELM7 ELM8 ELM9 ELM10 ELM11 

  GR AV2D VA2D AV3D VA3D 2D-3D 3D-2D CD(V) DC-CD(A) GMNP CGLCD 

B 1 NU AC AC FC FC FC ND FC AC AC FC FC FC FC FC ND AC TU NU ND AC AC ND 

B 2 FC FC AC NU FC FC AC AC AC FC FC ND FC NU TU TU NU TU FC FC AC AC AC 

B 3 NU FC TU TU AC FC ND AC FC ND NU NU FC ND TU ND ND NU FC ND NU TU ND 

B 4 NU TU AC AC FC TU NU AC AC NU FC TU FC TU TU FC TU TU NU ND ND TU NU 

B 5 NU AC AC TU FC FC NU AC FC NU TU FC AC TU TU TU AC TU NU ND TU TU NU 

B 6 ND AC AC AC FC FC AC AC FC NU FC FC FC TU TU TU NU TU NU ND AC AC AC 

B 7 NU AC AC AC FC AC NU AC AC NU NU ND FC ND NU ND ND TU FC NU AC TU ND 

B 8 ND AC AC FC FC FC ND AC FC ND FC AC FC ND TU ND ND TU FC ND AC ND AC 

B 9 NU FC AC NU FC TU NU AC FC NU TU NU TU TU NU TU NU NU FC FC NU TU NU 

B 10 NU AC AC AC FC AC NU AC FC NU ND NU FC NU AC NU NU NU FC AC AC TU NU 

B 11 ND AC AC FC FC FC ND AC FC ND FC NU FC ND NU ND NU ND FC ND AC TU NU 

B 12 ND FC AC NU FC TU ND FC FC ND FC NU FC ND AC ND NU ND AC AC AC TU NU 

B 13 NU AC AC FC FC AC ND FC FC FC AC NU TU ND AC ND TU ND NU FC AC TU NU 

B 14 AC TU AC FC FC TU ND NU TU NU FC NU FC ND FC ND ND ND NU FC AC TU NU 

B 15 FC FC AC NU FC FC AC TU FC FC FC NU FC TU FC FC FC TU NU FC AC AC TU 

B 16 FC AC AC FC FC NU AC TU AC AC NU NU AC TU NU NU ND TU AC AC AC TU NU 

B 17 NU TU AC FC FC NU AC TU FC AC NU NU NU TU NU AC NU TU FC FC AC TU TU 

B 18 AC NU AC AC AC ND NU TU FC NU ND AC NU TU TU TU ND NU NU FC AC TU ND 

B 19 NU AC AC FC FC NU AC TU FC NU NU NU NU TU NU TU NU TU FC FC AC TU AC 

B 20 NU NU AC AC TU NU NU TU NU NU ND NU NU TU NU TU NU TU AC AC AC TU ND 

A 21 FC TU AC FC NU FC FC NU FC FC FC TU NU FC FC TU ND NU NU FC AC AC FC 

A 22 AC NU AC AC FC FC AC AC AC ND ND TU FC NU TU ND ND ND NU FC TU TU ND 

A 23 AC TU TU TU FC TU ND ND FC NU ND NU FC ND TU ND ND ND NU NU AC NU NU 

A 24 ND FC AC NU FC FC FC FC NU AC FC NU FC TU FC TU NU TU NU FC TU AC NU 

A 25 NU FC FC AC TU NU ND ND FC NU FC TU FC AC FC ND ND NU NU ND AC TU NU 

A 26 NU FC FC ND FC NU ND AC FC NU FC TU FC FC FC TU ND NU NU ND AC TU NU 

A 27 ND NU AC NU FC FC NU AC FC NU NU NU AC ND NU NU ND ND NU TU TU NU ND 

A 28 NU NU NU FC FC TU NU TU NU NU NU NU FC NU NU TU ND TU FC NU FC TU NU 

A 29 NU FC AC NU FC FC FC TU TU AC FC TU NU AC FC TU NU TU TU AC TU TU NU 

A 30 ND NU TU NU FC TU NU AC TU NU ND ND NU TU TU NU ND TU NU NU NU NU NU 

A 31 NU TU FC FC FC AC NU AC FC NU ND TU FC TU TU NU ND NU NU FC TU TU NU 

A 32 AC TU AC FC FC FC FC AC FC NU FC NU FC TU TU ND NU TU NU AC AC TU ND 

A 33 ND NU TU TU FC FC ND TU FC ND ND TU ND ND TU ND ND ND ND AC TU ND ND 

A 34 AC NU AC NU FC FC AC AC FC ND NU TU AC ND TU ND ND NU NU FC TU TU ND 

A 35 ND NU AC NU FC NU TU TU TU ND ND NU ND ND NU NU ND ND NU TU TU NU ND 

A 36 ND TU ND FC TU NU TU ND TU ND ND NU ND ND ND ND ND ND NU FC AC ND ND 

A 37 NU NU AC ND FC TU TU AC FC AC ND TU FC ND TU ND ND ND NU FC FC TU ND 
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APPENDIX 4B: OVERALL RESPONSE PERCENTAGE PER SKILL FACTOR  

 

(i) Skill factor I  

 Q1A Q1B Q2A Q2B Q3A Q3B Q4A Q4B Q5A Q5B Σ % % 

FC 4 9 3 13 31 16 4 4 23 4 111 30.0 55.9 

AC 6 10 28 8 2 4 8 18 6 6 96 25.9 

TU 0 8 4 4 3 8 3 10 5 0 45 12.2  

44.1 NU 17 10 1 10 1 8 11 2 3 18 81 21.9 

ND 10 0 1 2 0 1 11 3 0 9 37 10.0 

Σ 37 37 37 37 37 37 37 37 37 37 370 100  

 
(ii) Skill factor II  

 Q6A Q6B Q7A Q7B Σ % % 

FC 15 3 21 3 42 28.4 34.5 

AC 1 2 4 2 9 6.1 

TU 2 10 2 14 28 18.9  

65.5 NU 8 19 7 4 38 25.7 

ND 11 3 3 14 31 20.9 

Σ 37 37 37 37 148 100  

 
(iii) Skill factor III  

 Q8A Q8B Q9A Q9B Σ % % 

FC 8 2 1 0 11 7.4 11.5 

AC 3 1 2 0 6 4.1 

TU 15 12 2 17 46 31.1  

88.5 NU 10 6 12 9 37 25.0 

ND 1 16 20 11 48 32.4 

 37 37 37 37 148 100  

 
(iv) Skill factor IV  

 Q10A Q10B Q10C  Σ % % 

FC 10 15 2 FC 27 24.3 53.1 

AC 3 7 22 AC 32 28.8 

TU 1 2 9 TU 12 10.8  

46.9 NU 22 4 3 NU 29 26.1 

ND 1 9 1 ND 11 9.9 

Σ 37 37 37 37 111 100  

 

(v) Skill factor V  

 Q11A Q11B Σ % % 

FC 0 1 1 1.4 14.9 

AC 6 4 10 13.5 

TU 24 2 26 35.1  

85.1 NU 4 17 21 28.4 

ND 3 13 16 21.6 

 37 37 74 37  
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APPENDIX 4C: AVERAGE SCORES PER ELEMENT FROM THE QUESTIONNARE 1
st
 RUN  

  ELM1 ELM2 ELM3 ELM4 ELM5 ELM6 ELM7 ELM8 ELM9 ELM10 ELM11 

College Students GR AV2D VA2D AV3D VA3D 2D-3D 3D-2D CD(V) DC-CD(A) GMNP CGLCD 

B 1 2 3.5 4 2 3 4 4 2 2.5 1.5 1.5 

B 2 4 2 4 3 3.5 2 2.5 2 1.5 3.5 3 

B 3 2.5 2 3.5 1.5 2 1 2 1 0.5 0.5 1 

B 4 1.5 3 3 2 2 3 3 3 2 0 1.5 

B 5 2 2.5 4 2 2.5 3 2.5 2 2.5 1 1.5 

B 6 1.5 3 4 3 2.5 4 3 2 1.5 1.5 3 

B 7 2 3 3.5 2 2 0.5 2 0.5 1 2 1 

B 8 1.5 3.5 4 1.5 2 3.5 2 1 1 1.5 1.5 

B 9 2.5 2 3 2 2.5 1.5 2 1.5 1 2.5 1.5 

B 10 2 3 3.5 2 2.5 0.5 2.5 2 1 3 1.5 

B 11 1.5 3.5 4 1.5 2 2.5 2 0.5 0.5 1.5 1.5 

B 12 2 2 3 2 2 2.5 2 1.5 0.5 3 1.5 

B 13 2 3.5 3.5 2 4 2 1 1.5 1 3.5 1.5 

B 14 2.5 3.5 3 0.5 1.5 2.5 2 2 0 3.5 1.5 

B 15 4 2 4 2.5 4 2.5 3 4 3 3.5 2.5 

B 16 3.5 3.5 2.5 2.5 3 1 2.5 1 1 3 1.5 

B 17 1.5 3.5 2.5 2.5 3.5 1 1.5 2 1.5 3.5 2 

B 18 2 3 1.5 1.5 2.5 1.5 1.5 2 0.5 3.5 1 

B 19 2 3.5 2.5 2.5 2.5 1 1.5 1.5 1.5 3.5 2.5 

B 20 1 3 1.5 1.5 1 0.5 1.5 1.5 1.5 3 1 

A 1 3 3.5 2.5 2.5 4 3 2.5 3 0.5 3.5 3.5 

A 2 2 3 4 3 1.5 1 2.5 1 0 3 1 

A 3 2.5 2 3 0 2.5 0.5 2 1 0 2 1 

A 4 2 2 4 4 2 2.5 3 3 1.5 3 2 

A 5 2.5 3.5 1.5 0 2.5 3 3.5 2 0.5 1.5 1.5 

A 6 2.5 2 2.5 1.5 2.5 3 4 3 0.5 1.5 1.5 

A 7 0.5 2 4 2 2.5 1 1.5 1 0 2 0.5 

A 8 1 2.5 3 1.5 1 1 2.5 1.5 1 2.5 1.5 

A 9 2.5 2 4 3 2.5 3 2 3 1.5 2.5 1.5 

A 10 0.5 1.5 3 2 1.5 0 1.5 1.5 1 1 1 

A 11 1.5 4 3.5 2 2.5 1 3 1.5 0.5 3 1.5 

A 12 2.5 3.5 4 3.5 2.5 2.5 3 1 1.5 3 1 

A 13 0.5 2 4 1 2 1 0 1 0 2.5 0 

A 14 2 2 4 3 2 1.5 1.5 1 0.5 3 1 

A 15 0.5 2 2.5 2 1 0.5 0 1 0 2 0.5 

A 16 1 2 1.5 1 1 0.5 0 0 0 3.5 0 

A 17 1 1.5 3 2.5 3.5 1 2 1 0 4 1 
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APPENDIX 4D: SKILL FACTORS PERCENTAGE OF RESPONSES AND PROCEDURAL 

AND CONCEPTUAL CLASSIFICATION  

(i) Responses for Skill factor I & V: Procedural and conceptual questions 

 Q1A Q1B Q2A Q2B Q3A Q3B Q4A Q4B Q5A Q5B Q11A Q11B Σ % % 

FC 4 9 3 13 31 16 4 4 23 4 0 1 112 25.2 49.1 

AC 6 10 28 8 2 4 8 18 6 6 6 4 106 23.9 

TU 0 8 4 4 3 8 3 10 5 0 24 2 71 16.0 50.9 

NU 17 10 1 10 1 8 11 2 3 18 4 17 102 23.0 

ND 10 0 1 2 0 1 11 3 0 9 3 13 53 11.9 

Σ 37 37 37 37 37 37 37 37 37 37 37 37 444 100  

 

(ii) Responses for Skill factor II & III: Conceptual 

 Q6A Q6B Q7A Q7B Q8A Q8B Q9A Q9B Q9B Σ % % 

FC 15 3 21 3 8 2 1 0 0 53 17.9 23 

AC 1 2 4 2 3 1 2 0 0 15 5.1 

TU 2 10 2 14 15 12 2 17 17 74 25.0  

77 NU 8 19 7 4 10 6 12 9 9 75 25.3 

ND 11 3 3 14 1 16 20 11 11 79 26.7 

Σ 37 37 37 37 37 37 37 37  296 100  

 

(iii) Responses for Skill factor IV: Procedural  

 Q10A Q10B Q10C Σ % % 

FC 10 15 2 27 24.3 53.1 

AC 3 7 22 32 28.8 

TU 1 2 9 12 10.8  

46.9 NU 22 4 3 29 26.1 

ND 1 9 1 11 9.9 

Σ 37 37 37 111 100  
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  APPENDIX 5A: MAIN RESULTS FOR THE QUESTIONNAIRE 2
ND

 RUN (Test 1 & 2) 

College

e 

Students Q1A Q1B Q2B Q3B Q4A Q4B Q5B Q6A Q7A Q7B Q8B Q9A Q10A Q10B Q10C Q1

1A B 1 NU FC TU FC ND NU ND NU NU NU ND ND NU TU NU NU 

B 2 ND FC AC FC ND NU ND ND NU ND ND ND NU TU TU TU 

B 3 NU NU NU TU ND NU NU NU NU NU ND NU NU FC NU NU 

B 4 NU TU AC FC ND ND AC NU FC ND TU TU NU ND NU NU 

B 5 NU TU FC FC NU ND TU NU FC FC TU TU NU FC NU TU 

B 6 NU FC ND FC TU ND NU NU ND FC ND AC ND TU TU AC 

B 7 TU NU ND NU TU NU NU TU ND NU TU ND NU TU TU NU 

B 8 TU NU NU FC ND NU ND TU FC TU TU ND NU FC TU TU 

B 9 NU FC FC FC NU NU AC TU TU ND ND ND FC FC AC NU 

B 10 TU FC FC FC NU NU TU TU AC TU NU ND NU AC AC TU 

B 11 NU FC NU TU NU NU FC NU NU TU NU AC NU FC TU TU 

B 12 NU FC NU NU ND ND TU ND ND TU ND TU ND AC NU TU 

B 13 NU FC TU TU ND NU ND ND ND ND ND TU NU ND NU TU 

B 14 NU FC NU FC TU NU FC TU FC NU NU NU NU TU TU TU 

B 15 TU FC NU FC ND NU FC NU TU NU ND ND NU FC TU TU 

B 16 AC TU TU FC NU AC AC NU TU TU ND ND NU AC TU NU 

B 17 NU FC FC TU TU NU AC NU FC NU ND TU NU FC TU TU 

B 18 ND NU NU NU ND ND FC ND AC ND ND ND NU AC TU NU 

B 19 AC AC TU TU ND ND AC ND ND ND ND ND TU ND AC TU 

B 20 NU AC TU AC ND NU NU NU NU NU ND ND NU ND NU TU 

B 21 NU NU TU AC ND NU NU NU NU TU ND NU NU ND NU NU 

B 22 NU FC TU FC NU NU NU NU NU NU TU NU NU FC TU NU 

B 23 NU TU NU TU NU NU NU AC FC NU TU NU FC NU AC TU 

B 24 NU FC TU TU ND AC TU NU AC TU NU AC NU AC NU TU 

B 25 NU FC NU TU NU AC FC ND TU TU ND ND NU FC FC AC 

B 26 TU FC AC NU TU AC NU AC FC NU NU AC AC AC AC NU 

B 27 NU TU TU FC NU NU NU NU FC ND NU NU NU TU TU NU 

B 28 NU TU AC TU NU NU NU NU NU NU NU NU NU FC AC NU 

B 29 AC AC TU TU ND ND FC NU NU ND ND ND ND FC NU TU 

B 30 NU FC NU TU NU NU NU NU NU NU NU NU NU FC AC NU 

B 31 FC TU NU TU ND NU TU NU NU ND ND TU NU FC NU NU 

B 32 NU NU NU NU NU NU NU AC NU NU NU NU NU AC NU NU 

B 33 AC NU NU TU NU NU NU NU NU NU NU TU NU FC NU NU 

B 34 NU FC NU TU NU NU NU NU NU TU TU TU NU NU AC TU 

B 35 NU FC AC FC ND NU ND ND NU TU ND ND NU AC TU TU 

B 36 NU AC TU FC TU NU TU NU NU TU NU AC NU NU NU TU 

B 37 TU FC AC FC ND NU NU ND NU TU ND NU NU NU AC TU 

B 38 NU AC TU FC TU NU AC NU NU TU NU TU NU FC NU TU 

B 39 NU FC TU FC NU NU TU NU NU TU NU TU NU FC NU TU 

B 40 NU NU AC FC ND NU NU ND NU NU ND ND NU AC NU TU 

B 41 NU TU NU TU NU NU ND ND NU TU ND ND NU FC TU NU 

B 42 AC AC AC FC ND NU AC NU FC ND ND NU NU ND AC TU 

B 43 AC TU AC TU ND NU AC NU NU TU ND ND NU ND AC TU 

B 44 TU FC TU NU NU TU FC NU AC TU NU NU FC TU TU TU 

B 45 NU AC TU FC ND AC FC TU ND ND ND ND FC ND AC TU 
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B 46 AC FC NU FC ND NU TU NU ND ND ND TU NU ND NU TU 

B 47 TU NU NU TU NU ND NU NU NU ND ND ND NU FC NU NU 

B 48 NU FC NU FC TU NU AC NU TU TU ND ND NU AC NU NU 

B 49 TU FC AC FC NU NU FC NU TU NU ND NU NU AC TU TU 

B 50 ND FC AC TU ND NU ND ND FC ND ND ND NU ND FC ND 

B 51 NU FC TU FC NU NU NU NU FC TU ND ND NU FC NU TU 

B 52 ND AC TU FC ND NU ND ND FC NU ND ND ND ND NU NU 

B 53 NU TU NU TU NU NU AC NU FC NU TU NU NU TU TU TU 

B 54 NU FC FC FC TU NU AC TU FC NU NU TU NU NU TU TU 

B 55 NU FC AC NU NU NU NU NU FC NU ND NU NU AC FC TU 

B 56 TU FC NU TU TU AC NU NU NU TU TU ND NU AC AC TU 

B 57 TU TU NU TU ND NU NU AC ND TU ND TU NU AC NU NU 

B 58 NU FC NU FC ND NU NU TU NU TU ND TU NU FC AC TU 

B 59 NU FC AC TU TU TU AC NU ND TU ND ND NU TU NU TU 

B 60 TU FC AC AC NU NU FC NU FC NU ND NU NU ND AC TU 

B 61 TU FC TU FC NU AC TU NU TU TU ND NU NU TU FC TU 

B 62 NU FC TU AC NU NU AC NU NU TU NU NU NU FC NU TU 

B 63 NU FC TU AC NU NU FC NU NU TU NU NU NU TU TU TU 

B 64 TU TU NU TU TU TU AC NU ND ND NU ND NU FC NU ND 

B 65 TU NU NU NU ND ND NU NU NU ND ND ND ND FC NU NU 

B 66 TU NU FC AC NU NU NU AC NU NU ND ND NU FC NU NU 

B 67 FC NU NU TU NU ND NU NU NU ND TU AC NU FC NU NU 

B 68 ND NU NU TU ND ND NU NU ND ND ND ND NU FC NU NU 

B 69 TU NU AC TU NU ND NU NU ND ND ND ND NU AC NU NU 

B 70 TU NU NU TU NU AC NU TU NU NU NU TU NU AC NU NU 

B 71 TU NU NU ND NU NU NU TU NU ND ND NU NU FC NU NU 

B 72 ND FC NU TU NU NU AC ND AC NU NU ND NU ND AC TU 

B 73 NU FC NU TU NU NU TU NU FC ND ND ND NU NU NU TU 

B 74 NU FC TU TU ND NU FC NU FC AC NU TU NU FC AC NU 

B 75 TU NU NU TU NU NU NU ND NU NU NU ND NU FC NU NU 

B 76 TU NU AC TU NU NU NU NU AC TU NU AC NU AC AC TU 

B 77 TU NU ND NU NU NU NU ND NU ND TU ND AC FC TU NU 

B 78 TU NU ND FC NU NU NU NU NU ND TU ND NU FC NU NU 

B 79 NU FC NU FC NU NU NU NU FC NU ND AC NU FC AC TU 

B 80 AC NU NU TU NU NU NU TU NU ND NU AC NU AC TU NU 

B 81 FC NU AC NU TU NU FC TU NU ND ND ND NU FC AC TU 

B 82 AC NU AC TU NU ND NU NU NU ND ND AC NU FC NU NU 

B 83 NU ND NU NU TU AC NU ND ND ND ND ND NU FC NU NU 

B 84 TU NU ND NU NU NU NU NU NU NU ND AC NU NU NU NU 

B 85 TU AC AC TU TU NU NU NU FC ND ND ND NU ND TU NU 

B 86 ND TU NU AC ND NU NU ND FC ND ND ND TU ND NU TU 

B 87 NU TU NU TU TU NU NU NU AC ND ND ND NU NU AC NU 

B 88 NU NU NU NU NU NU NU ND TU ND ND ND NU NU NU NU 

B 89 TU FC AC NU NU TU NU NU AC ND ND ND AC FC AC TU 

B 90 NU FC TU AC TU NU NU NU TU NU ND NU NU TU TU TU 

B 91 NU FC NU TU NU NU FC AC NU NU NU TU NU TU TU TU 

B 92 AC FC NU FC TU TU NU AC NU NU ND AC TU FC TU TU 

A 93 FC AC FC FC NU TU TU AC NU NU NU AC FC FC TU TU 
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A 94 NU TU TU FC NU NU TU TU TU NU ND ND NU FC NU TU 

A 95 AC TU TU NU TU NU AC NU TU NU NU TU NU FC TU TU 

A 96 AC NU TU NU TU TU NU NU FC NU ND AC NU FC NU NU 

A 97 NU NU AC NU NU TU NU AC NU NU NU ND AC AC NU NU 

A 98 NU FC NU FC AC NU NU AC FC ND NU ND AC FC AC TU 

A 99 TU FC NU NU NU TU NU TU FC ND NU ND NU FC NU TU 

A 100 AC AC TU NU NU AC TU NU FC TU NU NU TU FC TU TU 

A 101 FC TU TU NU AC FC NU NU NU TU NU NU FC TU NU TU 

A 102 TU FC NU AC NU NU TU ND NU NU NU NU NU FC NU TU 

A 103 NU FC AC FC NU TU NU NU NU NU NU NU NU FC TU NU 

A 104 NU AC AC NU AC AC AC NU FC NU NU NU NU FC AC TU 

A 105 NU FC AC FC NU FC AC AC ND ND NU ND NU FC TU AC 

A 106 FC TU ND TU ND AC AC ND NU NU ND AC NU AC NU TU 

A 107 NU AC TU TU NU AC NU TU NU TU NU ND FC AC AC TU 

A 108 AC FC AC TU NU AC AC NU NU TU NU NU NU FC NU TU 

A 109 TU TU FC FC NU NU AC AC NU NU NU ND TU AC AC NU 

A 110 NU FC AC AC TU TU AC NU NU ND ND ND NU FC NU NU 

A 111 NU FC NU NU NU NU ND ND ND ND ND ND NU FC TU ND 

A 112 FC FC FC FC AC TU AC AC FC FC NU NU FC FC AC AC 

A 113 FC NU AC AC NU NU NU NU NU NU NU NU NU NU NU NU 

A 114 TU AC NU FC AC TU FC AC NU FC NU NU TU FC AC NU 

A 115 TU AC NU FC TU NU NU NU TU ND NU NU NU TU NU NU 

A 116 AC NU NU TU TU NU FC TU NU NU TU NU NU AC NU NU 

A 117 NU AC NU TU NU NU NU TU NU NU NU ND NU NU NU NU 

A 118 NU FC AC FC NU AC ND ND ND ND ND ND NU FC NU NU 

A 119 NU ND ND TU NU ND NU TU FC NU NU ND NU AC TU NU 

A 120 TU NU TU NU NU TU FC NU NU TU TU ND NU AC NU NU 

A 121 AC FC TU TU TU TU NU AC NU NU NU NU NU NU NU TU 

A 122 AC NU NU FC TU AC FC TU TU NU NU TU TU FC NU TU 

  Q1A Q1B Q2B Q3B Q4A Q4B Q5B Q6A Q7A Q7B Q8B Q9A Q10A Q10B Q10C Q1

1A 
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APPENDIX 5B: AVERAGE SCORES PER ELEMENT FROM THE QUESTIONNAIRE 

2
ND

 RUN 
Test 1& 2 Correlating the 4 elements for Questionnaire 2

nd
 run. October 2007 

College Students ELM 1  ELM 4  ELM 7  ELM 10 

B 1 2.5 0.5 1.0 1.3 

B 2 2.0 0.5 0.5 1.7 

B 3 1.0 0.5 1.0 2.0 

B 4 1.5 0.0 2.0 0.7 

B 5 1.5 0.5 4.0 2.0 

B 6 2.5 1.0 2.0 1.3 

B 7 1.5 1.5 0.5 1.7 

B 8 1.5 0.5 3.0 2.3 

B 9 2.5 1.0 1.0 3.7 

B 10 3.0 1.0 2.5 2.3 

B 11 2.5 1.0 1.5 2.3 

B 12 2.5 0.0 1.0 1.3 

B 13 2.5 0.5 0.0 0.7 

B 14 2.5 1.5 2.5 1.7 

B 15 3.0 0.5 1.5 2.3 

B 16 2.5 2.0 2.0 2.0 

B 17 2.5 1.5 2.5 2.3 

B 18 0.5 0.0 1.5 2.0 

B 19 3.0 0.0 0.0 1.7 

B 20 2.0 0.5 1.0 0.7 

B 21 1.0 0.5 1.5 0.7 

B 22 2.5 1.0 1.0 2.3 

B 23 1.5 1.0 2.5 2.7 

B 24 2.5 1.5 2.5 1.7 

B 25 2.5 2.0 2.0 3.0 

B 26 3.0 2.5 2.5 3.0 

B 27 1.5 1.0 2.0 1.7 

B 28 1.5 1.0 1.0 2.7 

B 29 3.0 0.0 0.5 1.7 

B 30 2.5 1.0 1.0 2.7 

B 31 3.0 0.5 0.5 2.0 

B 32 1.0 1.0 1.0 1.7 

B 33 2.0 1.0 1.0 2.0 

B 34 2.5 1.0 1.5 1.7 

B 35 2.5 0.5 1.5 2.0 

B 36 2.0 1.5 1.5 1.0 

B 37 3.0 0.5 1.5 1.7 

B 38 2.0 1.5 1.5 2.0 

B 39 2.5 1.0 1.5 2.0 

B 40 1.0 0.5 1.0 1.7 

B 41 1.5 1.0 1.5 2.3 

B 42 3.0 0.5 2.0 1.3 

B 43 2.5 0.5 1.5 1.3 

B 44 3.0 1.5 2.5 2.7 

B 45 2.0 1.5 0.0 2.3 

B 46 3.5 0.5 0.0 0.7 

B 47 1.5 0.5 0.5 2.0 

B 48 2.5 1.5 2.0 1.7 

B 49 3.0 1.0 1.5 2.0 

B 50 2.0 0.5 2.0 1.7 

B 51 2.5 1.0 3.0 2.0 

B 52 1.5 0.5 2.5 0.3 

B 53 1.5 1.0 2.5 1.7 

B 54 2.5 1.5 2.5 1.3 

B 55 2.5 1.0 2.5 2.7 

B 56 3.0 2.5 1.5 2.3 

B 57 2.0 0.5 1.0 1.7 

B 58 2.5 0.5 1.5 2.7 

B 59 2.5 2.0 1.0 1.3 

B 60 3.0 1.0 2.5 1.3 
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B 61 3.0 2.0 2.0 2.3 

B 62 2.5 1.0 1.5 2.0 

B 63 2.5 1.0 1.5 1.7 

B 64 2.0 2.0 0.0 2.0 

B 65 1.5 0.0 0.5 1.7 

B 66 1.5 1.0 1.0 2.0 

B 67 2.5 0.5 0.5 2.0 

B 68 0.5 0.0 0.0 2.0 

B 69 1.5 0.5 0.0 1.7 

B 70 1.5 2.0 1.0 1.7 

B 71 1.5 1.0 0.5 2.0 

B 72 2.0 1.0 2.0 1.3 

B 73 2.5 1.0 2.0 1.0 

B 74 2.5 0.5 3.5 2.7 

B 75 1.5 1.0 1.0 2.0 

B 76 1.5 1.0 2.5 2.3 

B 77 1.5 1.0 0.5 3.0 

B 78 1.5 1.0 0.5 2.0 

B 79 2.5 1.0 2.5 2.7 

B 80 2.0 1.0 0.5 2.0 

B 81 2.5 1.5 0.5 2.7 

B 82 2.0 0.5 0.5 2.0 

B 83 0.5 2.5 0.0 2.0 

B 84 1.5 1.0 1.0 1.0 

B 85 2.5 1.5 2.0 1.0 

B 86 1.0 0.5 2.0 1.0 

B 87 1.5 1.5 1.5 1.7 

B 88 1.0 1.0 1.0 1.0 

B 89 3.0 1.5 1.5 3.3 

B 90 2.5 1.5 1.5 1.7 

B 91 2.5 1.0 1.0 1.7 

B 92 3.5 2.0 1.0 2.7 

A 93 3.5 1.5 1.0 3.3 

A 94 1.5 1.0 1.5 2.0 

A 95 2.5 1.5 1.5 2.3 

A 96 2.0 2.0 2.5 2.0 

A 97 1.0 1.5 1.0 2.3 

A 98 2.5 2.0 2.0 3.3 

A 99 3.0 1.5 2.0 2.0 

A 100 3.0 2.0 3.0 2.7 

A 101 3.0 3.5 1.5 2.3 

A 102 3.0 1.0 1.0 2.0 

A 103 2.5 1.5 1.0 2.3 

A 104 2.0 3.0 2.5 2.7 

A 105 2.5 2.5 0.0 2.3 

A 106 3.0 1.5 1.0 1.7 

A 107 2.0 2.0 1.5 3.3 

A 108 3.5 2.0 1.5 2.0 

A 109 2.0 1.0 1.0 2.7 

A 110 2.5 2.0 0.5 2.0 

A 111 2.5 1.0 0.0 2.3 

A 112 4.0 2.5 4.0 3.7 

A 113 2.5 1.0 1.0 1.0 

A 114 2.5 2.5 2.5 3.0 

A 115 2.5 1.5 1.0 1.3 

A 116 2.0 1.5 1.0 1.7 

A 117 2.0 1.0 1.0 1.0 

A 118 2.5 2.0 0.0 2.0 

A 119 0.5 0.5 2.5 2.0 

A 120 1.5 1.5 1.5 1.7 

A 121 3.5 2.0 1.0 1.0 

A 122 2.0 2.5 1.5 2.3 

  ELM 1 ELM 4 ELM 7 ELM 10 
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APPENDIX 5C: MAIN RESULTS FOR THE QUESTIONNARE 2
nd

 RUN (Test 3) 

College Students Q9B Q11B Q3A Q6B Q8A Q2A Q5A 

  DC-CD(A) CGLCD VA2D 2D-3D CD(V) AV2D VA2D 

B 1 TU NU FC TU TU AC FC 

B 2 TU NU FC NU TU TU FC 

B 3 TU NU AC TU TU TU FC 

B 4 TU NU FC NU TU TU TU 

B 5 TU NU FC NU TU AC FC 

B 6 TU NU FC TU FC AC TU 

B 7 TU NU AC AC NU ND AC 

B 8 TU NU FC ND AC TU NU 

B 9 NU NU FC TU TU AC TU 

B 10 ND NU AC TU TU NU AC 

B 11 TU NU FC FC TU AC FC 

B 12 TU TU FC FC TU AC FC 

B 13 TU TU NU AC NU NU FC 

B 14 TU NU FC FC TU TU FC 

B 15 TU ND AC NU TU TU TU 

B 16 TU NU FC FC TU AC FC 

B 17 TU NU FC AC TU TU FC 

B 18 TU ND FC TU TU AC FC 

B 19 TU ND FC TU TU AC TU 

B 20 TU NU AC FC NU AC AC 

B 21 TU NU AC AC NU NU TU 

B 22 TU ND FC AC TU TU FC 

B 23 TU ND NU NU NU AC TU 

B 24 TU NU AC TU TU TU NU 

B 25 TU NU FC NU TU AC NU 

B 26 TU NU AC FC NU ND FC 

B 27 TU NU NU FC TU TU FC 

B 28 TU NU AC TU TU AC FC 

B 29 TU NU FC AC TU TU FC 

B 30 NU NU AC NU NU TU NU 

B 31 TU NU NU NU NU TU FC 

B 32 TU NU FC TU TU AC FC 

B 33 TU NU FC NU TU TU FC 

B 34 TU ND AC NU NU AC FC 

B 35 ND ND AC AC TU TU NU 

B 36 TU ND FC NU FC AC FC 

B 37 ND ND ND TU TU AC FC 

B 38 TU NU AC TU TU NU NU 

B 39 ND ND ND TU TU AC FC 

A 40 TU NU AC NU TU AC   

A 41 NU NU FC NU TU AC NU 

A 42 NU NU FC NU TU NU FC 

A 43 TU NU AC NU TU AC FC 

A 44 TU ND FC TU NU AC FC 

A 45 TU NU FC TU FC AC NU 

A 46 TU NU FC NU TU TU FC 

A 47 TU ND AC TU FC AC TU 

A 48 NU NU FC NU TU AC TU 

A 49 TU NU FC TU TU AC FC 

A 50 TU NU AC FC AC AC AC 

A 51 NU NU FC FC TU AC FC 

A 52 TU ND FC TU TU AC FC 

A 53 TU NU FC NU TU TU NU 

A 54 TU NU NU AC TU TU FC 

  Q9B Q11B Q3A Q6B Q8A Q2A Q5A 
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APPENDIX 6A: DETAILED MEMORANDUM OF THE EXAMINATION 

QUESTIONS 

Solution 1 

 

 

Solution 2 
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Alternative Solution 2 

 

 

Solution 3 

 

Solution 4  
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APPENDIX 6B: EXAMINATION ANALYSIS FOR 151 RESPONSES 

 GMNP GR CD VA3D VA3D GR VA2D VA2D VA2D GR CD VA3D GMNP GR CD VA2D VA2D MARKS 

 

1.1 1.1 1.1 1.2 1.3 2.1 2.1 2.2 2.3 3.1 3.1 3.2 4.1 4.1 4.1 4.2 4.3 40 100 

1 FC FC FC NU ND FC FC AC AC FC NU FC AC FC FC AC NU 25 64 

2 NU NU NU NU ND TU NU NU ND AC FC NU ND NU NU NU ND 2 27 

3 ND NU FC TU TU TU TU AC AC AC FC AC AC FC FC FC NU 20 44 

4 NU NU TU NU NU ND NU TU TU ND ND ND ND ND ND ND ND 7 30 

5 FC AC TU FC TU TU NU ND ND AC NU TU TU TU TU TU ND 11 50 

6 ND NU ND NU ND AC TU TU TU NU NU NU AC FC ND AC NU 13 27 

7 NU ND ND ND ND TU TU AC AC ND ND ND NU ND ND TU NU 8 30 

8 FC ND ND AC ND ND ND ND ND AC ND ND AC TU ND ND ND 6 37 

9 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0 11 

10 AC AC FC FC FC FC FC FC AC AC ND TU NU NU NU TU NU 24 62 

11 FC FC ND FC NU FC FC AC AC FC NU NU FC FC FC FC NU 23 69 

12 FC ND ND NU ND ND ND ND ND FC ND ND TU TU TU ND ND 4 8 

13 NU NU FC NU NU ND ND ND ND ND ND ND ND ND ND ND ND 1 32 

14 FC FC AC TU NU AC AC AC AC FC NU NU AC AC FC TU AC 19 47 

15 ND ND ND ND ND AC AC AC AC AC FC AC TU AC TU FC NU 18 42 

16 TU NU TU TU NU AC AC FC FC AC NU NU TU AC TU FC NU 23 50 

17 NU NU FC NU NU ND NU NU NU NU NU TU AC NU TU AC NU 8 34 

18 NU FC ND NU ND FC FC AC AC ND ND ND ND ND ND ND ND 10 58 

19 FC FC ND NU NU NU NU ND ND AC FC AC AC NU NU NU NU 4 40 

20 FC FC AC TU NU TU ND NU NU FC NU TU TU TU TU FC NU 14 38 

21 FC FC NU NU NU ND ND ND ND FC TU TU ND FC TU AC ND 11 45 

22 ND ND ND TU ND TU TU AC AC ND ND ND ND ND ND ND ND 8 43 

23 NU NU NU NU NU NU NU ND ND TU TU ND NU NU NU NU NU 4 29 

24 ND FC NU NU ND TU NU NU ND ND ND ND ND ND ND ND ND 4 23 

25 FC NU NU NU ND ND ND ND ND TU NU ND NU NU NU ND ND 3 26 

26 FC FC FC FC FC FC FC FC AC FC NU FC FC FC FC FC NU 36 76 

27 FC NU NU NU ND TU TU TU TU ND ND ND ND ND ND ND ND 5 31 

28 TU FC FC NU NU TU TU TU TU FC NU NU NU AC TU TU ND 16 53 

29 FC FC FC NU NU FC FC AC AC AC AC NU FC AC AC FC AC 26 61 

30 FC FC NU NU ND TU TU TU TU FC FC AC FC FC FC FC AC 21 56 

31 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0 33 

32 FC FC FC FC AC TU TU TU TU FC FC FC TU TU TU TU NU 25 59 

33 FC FC FC NU NU ND ND ND ND ND ND ND AC TU TU TU TU 24 49 

34 TU ND ND ND ND TU TU TU TU FC NU TU FC TU TU FC NU 17 35 

35 FC AC TU NU NU TU TU TU TU AC FC TU TU NU TU NU NU 12 34 

36 FC FC FC NU TU FC FC TU TU NU NU AC FC FC FC ND ND 25 51 

37 FC FC AC NU NU FC FC FC AC NU NU TU FC FC FC FC AC 25 59 

38 FC AC FC NU NU NU NU ND ND NU NU NU NU ND ND ND ND 5 38 

39 FC AC AC AC ND TU TU TU TU FC NU TU NU NU NU ND ND 17 43 

40 FC AC AC AC ND NU NU ND ND FC NU NU AC NU NU NU NU 11 42 

41 FC AC AC AC AC AC TU NU NU FC FC AC TU NU NU AC NU 18 45 

42 NU ND ND NU NU TU TU TU TU FC NU FC FC ND ND FC NU 19 56 

43 FC FC AC AC AC TU TU TU TU FC NU AC FC ND ND FC NU 24 66 

44 NU FC ND ND ND ND ND ND ND FC ND TU NU ND ND ND ND 5 27 

45 ND ND ND ND ND FC FC FC FC FC NU TU FC TU FC NU ND 18 47 

46 FC FC AC AC TU TU TU TU TU FC NU FC FC FC FC AC NU 27 54 

47 ND ND ND ND ND TU TU TU TU FC FC AC FC TU ND FC NU 16 48 

48 NU FC AC AC NU TU TU TU TU FC NU AC NU NU NU TU NU 22 56 

49 FC FC NU TU TU FC FC AC AC AC TU AC FC AC TU TU TU 20 45 

50 FC TU TU TU TU FC FC FC FC FC NU AC FC AC TU AC TU 28 68 

51 FC FC AC NU NU FC FC AC AC FC NU NU TU TU FC FC NU 19 47 

52 FC FC FC AC AC TU TU TU TU FC NU AC FC FC FC FC NU 24 63 

53 NU ND ND ND NU FC FC NU NU AC FC NU ND FC FC NU NU 6 31 

54 FC AC NU NU ND TU TU ND ND NU NU TU TU TU ND NU NU 9 37 

55 ND ND ND ND ND TU TU TU TU FC FC ND FC FC FC FC NU 14 50 

56 FC FC FC FC FC TU TU TU TU FC NU FC TU FC FC AC NU 28 78 
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57 FC FC FC FC FC TU TU TU TU FC FC FC NU ND ND TU NU 27 48 

58 FC AC AC NU NU FC FC FC FC FC NU TU FC NU NU FC NU 23 56 

59 FC FC FC FC FC AC FC AC AC FC FC FC FC FC FC AC FC 36 77 

60 FC FC FC NU NU TU TU TU TU FC NU AC FC FC FC FC ND 21 56 

61 ND FC FC AC NU TU TU TU TU FC ND FC AC FC FC FC NU 25 62 

62 FC FC FC AC FC FC FC FC FC FC NU AC FC FC FC AC FC 35 82 

63 NU AC NU NU NU TU TU TU TU FC ND TU ND TU NU ND ND 9 30 

64 FC FC AC NU NU TU TU TU NU FC NU TU AC AC AC TU NU 10 30 

65 NU AC NU NU NU FC FC TU TU FC NU NU AC FC FC AC NU 18 52 

66 TU NU ND NU ND FC AC AC AC FC FC TU AC FC FC AC ND 16 49 

67 TU TU ND ND ND TU TU TU TU AC FC AC TU FC FC AC NU 15 47 

68 FC FC FC FC FC FC FC FC FC FC NU FC FC FC FC FC NU 37 90 

69 TU ND ND NU NU TU TU NU NU AC FC ND ND ND ND ND ND 4 14 

70 FC AC ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 2 33 

71 FC NU ND NU NU NU NU NU NU FC ND AC TU TU TU NU NU 12 41 

72 FC FC AC NU NU NU ND ND ND NU ND NU NU FC NU NU TU 7 29 

73 AC FC ND NU NU ND ND ND ND FC FC TU ND ND ND ND ND 7 41 

74 ND NU TU NU NU FC FC FC AC FC FC NU ND ND ND ND ND 15 37 

75 TU NU ND NU ND TU TU TU TU AC FC TU AC NU ND TU NU 11 23 

76 TU NU NU ND ND TU ND TU TU ND ND ND ND ND ND ND ND 4 42 

77 TU ND ND NU ND TU TU NU NU ND ND AC AC ND ND AC NU 7 27 

78 FC NU NU FC NU TU TU AC AC FC NU TU FC FC FC FC NU 21 52 

79 TU NU NU NU NU NU NU NU NU AC NU NU ND NU NU TU ND 8 17 

80 FC FC NU AC AC TU TU TU TU AC NU AC TU FC NU AC NU 20 44 

81 TU ND ND ND ND TU ND NU ND ND ND ND ND ND ND ND ND 1 21 

82 FC FC TU NU ND FC NU AC AC ND ND ND ND ND ND ND ND 12 40 

83 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0 43 

84 FC FC NU AC TU TU TU AC AC FC ND TU ND ND ND ND ND 21 59 

85 TU FC NU NU NU TU TU TU TU TU NU TU NU ND ND TU ND 12 36 

86 FC FC NU AC AC TU TU TU TU FC NU AC AC FC FC AC AC 19 62 

87 FC FC NU AC AC AC AC AC AC FC FC AC FC FC FC FC ND 29 64 

88 FC FC ND NU ND AC AC AC AC FC NU FC FC NU FC FC NU 21 60 

89 AC AC TU NU NU TU TU NU NU FC NU TU TU NU FC AC NU 11 52 

90 FC FC NU FC TU FC AC AC AC AC NU ND ND ND ND ND ND 17 41 

91 FC FC FC TU TU FC FC NU NU FC NU TU ND ND ND ND ND 16 48 

92 FC NU FC FC NU NU NU TU TU FC NU AC FC FC FC TU NU 14 45 

93 FC FC ND NU ND AC AC TU TU FC NU AC FC FC ND AC NU 17 48 

94 AC NU TU FC TU TU TU ND ND FC NU TU FC NU FC FC FC 18 48 

95 FC FC FC NU ND AC AC AC AC FC NU FC TU ND ND ND ND 20 58 

96 TU AC TU NU NU FC AC AC AC FC NU AC TU FC FC AC NU 17 50 

97 FC AC TU FC AC TU TU TU AC FC NU AC TU FC FC AC NU 22 62 

98 FC FC FC NU NU AC TU AC AC AC NU AC FC FC FC FC NU 21 65 

99 TU ND ND NU ND AC TU AC AC FC NU NU TU FC ND NU ND 11 42 

100 AC FC FC TU ND TU TU TU TU AC AC TU ND ND ND ND ND 10 17 

101 FC FC AC AC NU TU TU TU TU ND ND ND ND ND ND ND ND 9 42 

102 AC FC AC NU NU FC FC FC AC FC NU FC AC FC FC FC NU 26 61 

103 AC AC FC AC AC FC FC FC AC FC NU AC AC AC FC FC NU 28 52 

104 FC FC ND NU NU TU TU TU TU FC NU TU AC FC FC FC NU 18 54 

105 AC FC NU AC FC TU TU TU TU FC NU AC ND FC FC AC NU 22 49 

106 NU FC FC NU NU TU TU TU TU FC NU FC TU TU TU NU NU 15 53 

107 FC NU TU FC FC TU TU TU TU AC ND AC FC FC FC FC NU 24 76 

108 FC AC TU NU TU TU TU TU TU FC NU FC AC FC FC AC NU 17 59 

109 NU NU ND NU NU FC FC AC AC FC NU AC AC TU TU FC TU 17 50 

110 ND AC FC ND ND TU TU ND ND AC FC NU ND NU ND ND ND 5 23 

111 AC AC NU NU NU TU TU TU ND FC FC ND ND ND ND ND ND 11 41 

112 TU FC ND TU TU TU TU TU TU FC FC AC AC ND ND FC NU 22 60 

113 TU AC TU NU NU FC FC NU NU FC NU TU TU NU ND ND ND 9 37 

114 AC AC TU ND ND FC FC TU ND FC NU NU AC TU TU AC AC 15 49 

115 FC FC FC NU NU FC FC FC FC FC NU FC AC AC FC FC FC 31 88 

116 TU AC NU NU ND TU TU TU TU FC NU AC ND ND ND ND ND 11 51 
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117 AC FC NU NU ND FC FC FC AC FC FC FC FC FC FC FC FC 29 78 

118 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0 20 

119 FC FC ND TU ND ND ND ND ND FC ND ND AC NU ND AC NU 9 29 

120 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 0 25 

121 NU ND ND ND ND ND ND ND ND AC ND ND NU NU NU ND ND 1 24 

122 FC FC AC FC ND FC AC AC NU FC FC AC NU TU FC FC NU 21 32 

123 AC AC NU NU NU TU TU TU NU TU NU TU NU NU TU NU ND 8 27 

124 NU FC AC NU ND FC FC FC FC FC FC AC FC FC FC FC NU 27 69 

125 FC TU ND ND ND TU TU TU TU FC NU AC FC FC FC FC NU 20 66 

126 NU FC FC AC AC FC FC AC AC FC NU AC AC FC FC FC NU 23 45 

127 NU NU NU ND ND TU TU ND ND ND ND ND ND ND ND ND ND 2 20 

128 NU NU NU TU NU FC FC AC AC FC NU AC AC AC AC TU NU 17 56 

129 NU NU NU ND ND TU TU NU NU AC NU NU FC TU FC AC ND 7 30 

130 TU FC FC NU NU TU TU TU TU FC NU NU AC TU TU TU NU 10 24 

131 NU NU NU ND ND AC NU AC AC FC NU AC AC TU TU FC NU 21 59 

132 AC AC TU FC FC TU TU TU TU FC FC FC AC FC FC FC NU 31 73 

133 TU ND ND ND ND TU TU TU TU FC FC AC AC ND ND NU NU 16 54 

134 FC NU ND ND ND FC FC FC AC FC FC AC FC TU AC FC ND 21 49 

135 FC FC FC AC NU AC NU ND ND ND ND ND FC FC ND NU NU 12 41 

136 NU AC TU TU ND NU NU ND ND TU NU NU AC NU NU AC ND 7 28 

137 NU TU TU TU TU FC AC AC AC AC NU FC AC NU NU FC NU 24 48 

138 TU TU NU NU NU AC NU TU TU FC NU NU TU NU NU FC NU 13 29 

139 ND ND ND ND ND FC FC AC AC FC NU FC AC FC FC AC AC 21 52 

140 NU TU ND NU ND NU NU NU NU FC NU NU NU NU ND NU NU 8 16 

141 FC NU TU AC NU TU TU ND ND FC NU NU ND ND ND ND ND 10 38 

142 NU TU TU NU NU TU TU TU TU FC NU TU AC FC FC AC AC 19 64 

143 FC FC NU TU NU TU TU NU NU NU FC NU TU FC NU TU TU 13 29 

144 NU FC ND TU NU TU TU TU TU TU NU NU AC FC ND FC NU 15 40 

145 ND ND ND NU NU TU TU TU TU FC FC AC AC AC FC FC FC 19 53 

146 TU FC AC TU ND ND ND TU TU FC NU NU FC FC FC TU ND 19 55 

147 TU NU AC AC ND ND ND ND ND FC NU NU TU TU TU TU ND 4 37 

148 NU ND ND ND ND FC FC AC FC FC NU NU FC FC FC FC NU 20 50 

149 FC TU NU TU TU NU TU TU TU FC NU FC FC TU TU NU NU 25 51 

150 FC AC NU NU NU TU TU TU TU ND ND ND ND ND ND ND ND 11 37 

151 FC NU TU NU ND NU NU ND ND NU NU AC NU NU NU NU NU 6 28 

AVRG 

                 
15.4 45.5 

 
GMNP GR CD VA3D VA3D GR VA2D VA2D VA2D GR CD VA3D GMNP GR CD VA2D VA2D 

  

 
1.1 1.1 1.1 1.2 1.3 2.1 2.1 2.2 2.3 3.1 3.1 3.2 4.1 4.1 4.1 4.2 4.3 

  FC 70 63 32 17 10 38 33 16 9 89 31 21 38 50 52 45 6 

  AC 13 26 19 21 10 15 12 31 38 25 2 41 37 12 4 28 8 

  TU 22 8 21 18 14 66 65 56 51 6 3 29 24 23 23 20 6 

  NU 28 29 33 67 57 12 19 17 17 9 81 29 17 27 20 18 74 
  ND 18 25 46 28 60 20 22 31 36 22 34 31 35 39 52 40 57 

  

 
151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 

  % 
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APPENDIX 6C: AVERAGE SCORES PER ELEMENT FROM THE QUESTIONNAIRE 2
ND

 RUN 

 

GMNP GMNP 

GMNP 

av GR GR GR GR 

GR 

av CD CD CD CDav 

VA

3D 

VA

3D 

VA

2D 

VA

2D 

VA

2D 

VA

3D 

VA

2D 

VA

2D 

VA

av 

VA2D 

av 

VA3D 

av 

Students 1.1 4.1 ELM 10 1.1 2.1 3.1 4.1 ELM 1 1.1 3.1 4.1 ELM 8 1.2 1.3 2.1 2.2 2.3 3.2 4.2 4.3  
ELM

3 

ELM

3 

1 4 3 3.5 4 4 4 4 4.0 4 1 4 3.0 1 0 4 3 3 4 3 1 2.4 2.8 1.7 

2 1 0 0.5 1 2 3 1 1.8 1 4 1 2.0 1 0 1 1 0 1 1 0 0.6 0.6 0.7 

3 0 3 1.5 1 2 3 4 2.5 4 4 4 4.0 2 2 2 3 3 3 4 1 2.5 2.6 2.3 

4 1 0 0.5 1 0 0 0 0.3 2 0 0 0.7 1 1 1 2 2 0 0 0 0.9 1.0 0.7 

5 4 2 3.0 3 2 3 2 2.5 2 1 2 1.7 4 2 1 0 0 2 2 0 1.4 0.6 2.7 

6 0 3 1.5 1 3 1 4 2.3 0 1 0 0.3 1 0 2 2 2 1 3 1 1.5 2.0 0.7 

7 1 1 1.0 0 2 0 0 0.5 0 0 0 0.0 0 0 2 3 3 0 2 1 1.4 2.2 0.0 

8 4 3 3.5 0 0 3 2 1.3 0 0 0 0.0 3 0 0 0 0 0 0 0 0.4 0.0 1.0 

9 0 0 0.0 0 0 0 0 0.0 0 0 0 0.0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

10 3 1 2.0 3 4 3 1 2.8 4 0 1 1.7 4 4 4 4 3 2 2 1 3.0 2.8 3.3 

11 4 4 4.0 4 4 4 4 4.0 0 1 4 1.7 4 1 4 3 3 1 4 1 2.6 3.0 2.0 

12 4 2 3.0 0 0 4 2 1.5 0 0 2 0.7 1 0 0 0 0 0 0 0 0.1 0.0 0.3 

13 1 0 0.5 1 0 0 0 0.3 4 0 0 1.3 1 1 0 0 0 0 0 0 0.3 0.0 0.7 

14 4 3 3.5 4 3 4 3 3.5 3 1 4 2.7 2 1 3 3 3 1 2 3 2.3 2.8 1.3 

15 0 2 1.0 0 3 3 3 2.3 0 4 2 2.0 0 0 3 3 3 3 4 1 2.1 2.8 1.0 

16 2 2 2.0 1 3 3 3 2.5 2 1 2 1.7 2 1 3 4 4 1 4 1 2.5 3.2 1.3 

17 1 3 2.0 1 0 1 1 0.8 4 1 2 2.3 1 1 1 1 1 2 3 1 1.4 1.4 1.3 

18 1 0 0.5 4 4 0 0 2.0 0 0 0 0.0 1 0 4 3 3 0 0 0 1.4 2.0 0.3 

19 4 3 3.5 4 1 3 1 2.3 0 4 1 1.7 1 1 1 0 0 3 1 1 1.0 0.6 1.7 

20 4 2 3.0 4 2 4 2 3.0 3 1 2 2.0 2 1 0 1 1 2 4 1 1.5 1.4 1.7 

21 4 0 2.0 4 0 4 4 3.0 1 2 2 1.7 1 1 0 0 0 2 3 0 0.9 0.6 1.3 

22 0 0 0.0 0 2 0 0 0.5 0 0 0 0.0 2 0 2 3 3 0 0 0 1.3 1.6 0.7 

23 1 1 1.0 1 1 2 1 1.3 1 2 1 1.3 1 1 1 0 0 0 1 1 0.6 0.6 0.7 

24 0 0 0.0 4 2 0 0 1.5 1 0 0 0.3 1 0 1 1 0 0 0 0 0.4 0.4 0.3 

25 4 1 2.5 1 0 2 1 1.0 1 1 1 1.0 1 0 0 0 0 0 0 0 0.1 0.0 0.3 

26 4 4 4.0 4 4 4 4 4.0 4 1 4 3.0 4 4 4 4 3 4 4 1 3.5 3.2 4.0 

27 4 0 2.0 1 2 0 0 0.8 1 0 0 0.3 1 0 2 2 2 0 0 0 0.9 1.2 0.3 

28 2 1 1.5 4 2 4 3 3.3 4 1 2 2.3 1 1 2 2 2 1 2 0 1.4 1.6 1.0 

29 4 4 4.0 4 4 3 3 3.5 4 3 3 3.3 1 1 4 3 3 1 4 3 2.5 3.4 1.0 

30 4 4 4.0 4 2 4 4 3.5 1 4 4 3.0 1 0 2 2 2 3 4 3 2.1 2.6 1.3 

31 0 0 0.0 0 0 0 0 0.0 0 0 0 0.0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

32 4 2 3.0 4 2 4 2 3.0 4 4 2 3.3 4 3 2 2 2 4 2 1 2.5 1.8 3.7 

33 4 3 3.5 4 0 0 2 1.5 4 0 2 2.0 1 1 0 0 0 0 2 2 0.8 0.8 0.7 

34 2 4 3.0 0 2 4 2 2.0 0 1 2 1.0 0 0 2 2 2 2 4 1 1.6 2.2 0.7 

35 4 2 3.0 3 2 3 1 2.3 2 4 2 2.7 1 1 2 2 2 2 1 1 1.5 1.6 1.3 
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36 4 4 4.0 4 4 1 4 3.3 4 1 4 3.0 1 2 4 2 2 3 0 0 1.8 1.6 2.0 

37 4 4 4.0 4 4 1 4 3.3 3 1 4 2.7 1 1 4 4 3 2 4 3 2.8 3.6 1.3 

38 4 1 2.5 3 1 1 0 1.3 4 1 0 1.7 1 1 1 0 0 1 0 0 0.5 0.2 1.0 

39 4 1 2.5 3 2 4 1 2.5 3 1 1 1.7 3 0 2 2 2 2 0 0 1.4 1.2 1.7 

40 4 3 3.5 3 1 4 1 2.3 3 1 1 1.7 3 0 1 0 0 1 1 1 0.9 0.6 1.3 

41 4 2 3.0 3 3 4 1 2.8 3 4 1 2.7 3 3 2 1 1 3 3 1 2.1 1.6 3.0 

42 1 4 2.5 0 2 4 0 1.5 0 1 0 0.3 1 1 2 2 2 4 4 1 2.1 2.2 2.0 

43 4 4 4.0 4 2 4 0 2.5 3 1 0 1.3 3 3 2 2 2 3 4 1 2.5 2.2 3.0 

44 1 1 1.0 4 0 4 0 2.0 0 0 0 0.0 0 0 0 0 0 2 0 0 0.3 0.0 0.7 

45 0 4 2.0 0 4 4 2 2.5 0 1 4 1.7 0 0 4 4 4 2 1 0 1.9 2.6 0.7 

46 4 4 4.0 4 2 4 4 3.5 3 1 4 2.7 3 2 2 2 2 4 3 1 2.4 2.0 3.0 

47 0 4 2.0 0 2 4 2 2.0 0 4 0 1.3 0 0 2 2 2 3 4 1 1.8 2.2 1.0 

48 1 1 1.0 4 2 4 1 2.8 3 1 1 1.7 3 1 2 2 2 3 2 1 2.0 1.8 2.3 

49 4 4 4.0 4 4 3 3 3.5 1 2 2 1.7 2 2 4 3 3 3 2 2 2.6 2.8 2.3 

50 4 4 4.0 2 4 4 3 3.3 2 1 2 1.7 2 2 4 4 4 3 3 2 3.0 3.4 2.3 

51 4 2 3.0 4 4 4 2 3.5 3 1 4 2.7 1 1 4 3 3 1 4 1 2.3 3.0 1.0 

52 4 4 4.0 4 2 4 4 3.5 4 1 4 3.0 3 3 2 2 2 3 4 1 2.5 2.2 3.0 

53 1 0 0.5 0 4 3 4 2.8 0 4 4 2.7 0 1 4 1 1 1 1 1 1.3 1.6 0.7 

54 4 2 3.0 3 2 1 2 2.0 1 1 0 0.7 1 0 2 0 0 2 1 1 0.9 0.8 1.0 

55 0 4 2.0 0 2 4 4 2.5 0 4 4 2.7 0 0 2 2 2 0 4 1 1.4 2.2 0.0 

56 4 2 3.0 4 2 4 4 3.5 4 1 4 3.0 4 4 2 2 2 4 3 1 2.8 2.0 4.0 

57 4 1 2.5 4 2 4 0 2.5 4 4 0 2.7 4 4 2 2 2 4 2 1 2.6 1.8 4.0 

58 4 4 4.0 3 4 4 1 3.0 3 1 1 1.7 1 1 4 4 4 2 4 1 2.6 3.4 1.3 

59 4 4 4.0 4 3 4 4 3.8 4 4 4 4.0 4 4 4 3 3 4 3 4 3.6 3.4 4.0 

60 4 4 4.0 4 2 4 4 3.5 4 1 4 3.0 1 1 2 2 2 3 4 0 1.9 2.0 1.7 

61 0 3 1.5 4 2 4 4 3.5 4 0 4 2.7 3 1 2 2 2 4 4 1 2.4 2.2 2.7 

62 4 4 4.0 4 4 4 4 4.0 4 1 4 3.0 3 4 4 4 4 3 3 4 3.6 3.8 3.3 

63 1 0 0.5 3 2 4 2 2.8 1 0 1 0.7 1 1 2 2 2 2 0 0 1.3 1.2 1.3 

64 4 3 3.5 4 2 4 3 3.3 3 1 3 2.3 1 1 2 2 1 2 2 1 1.5 1.6 1.3 

65 1 3 2.0 3 4 4 4 3.8 1 1 4 2.0 1 1 4 2 2 1 3 1 1.9 2.4 1.0 

66 2 3 2.5 1 4 4 4 3.3 0 4 4 2.7 1 0 3 3 3 2 3 0 1.9 2.4 1.0 

67 2 2 2.0 2 2 3 4 2.8 0 4 4 2.7 0 0 2 2 2 3 3 1 1.6 2.0 1.0 

68 4 4 4.0 4 4 4 4 4.0 4 1 4 3.0 4 4 4 4 4 4 4 1 3.6 3.4 4.0 

69 2 0 1.0 0 2 3 0 1.3 0 4 0 1.3 1 1 2 1 1 0 0 0 0.8 0.8 0.7 

70 4 0 2.0 3 0 0 0 0.8 0 0 0 0.0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

71 4 2 3.0 1 1 4 2 2.0 0 0 2 0.7 1 1 1 1 1 3 1 1 1.3 1.0 1.7 

72 4 1 2.5 4 1 1 4 2.5 3 0 1 1.3 1 1 0 0 0 1 1 2 0.8 0.6 1.0 

73 3 0 1.5 4 0 4 0 2.0 0 4 0 1.3 1 1 0 0 0 2 0 0 0.5 0.0 1.3 

74 0 0 0.0 1 4 4 0 2.3 2 4 0 2.0 1 1 4 4 3 1 0 0 1.8 2.2 1.0 

75 2 3 2.5 1 2 3 1 1.8 0 4 0 1.3 1 0 2 2 2 2 2 1 1.5 1.8 1.0 
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76 2 0 1.0 1 2 0 0 0.8 1 0 0 0.3 0 0 0 2 2 0 0 0 0.5 0.8 0.0 

77 2 3 2.5 0 2 0 0 0.5 0 0 0 0.0 1 0 2 1 1 3 3 1 1.5 1.6 1.3 

78 4 4 4.0 1 2 4 4 2.8 1 1 4 2.0 4 1 2 3 3 2 4 1 2.5 2.6 2.3 

79 2 0 1.0 1 1 3 1 1.5 1 1 1 1.0 1 1 1 1 1 1 2 0 1.0 1.0 1.0 

80 4 2 3.0 4 2 3 4 3.3 1 1 1 1.0 3 3 2 2 2 3 3 1 2.4 2.0 3.0 

81 2 0 1.0 0 2 0 0 0.5 0 0 0 0.0 0 0 0 1 0 0 0 0 0.1 0.2 0.0 

82 4 0 2.0 4 4 0 0 2.0 2 0 0 0.7 1 0 1 3 3 0 0 0 1.0 1.4 0.3 

83 0 0 0.0 0 0 0 0 0.0 0 0 0 0.0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

84 4 0 2.0 4 2 4 0 2.5 1 0 0 0.3 3 2 2 3 3 2 0 0 1.9 1.6 2.3 

85 2 1 1.5 4 2 2 0 2.0 1 1 0 0.7 1 1 2 2 2 2 2 0 1.5 1.6 1.3 

86 4 3 3.5 4 2 4 4 3.5 1 1 4 2.0 3 3 2 2 2 3 3 3 2.6 2.4 3.0 

87 4 4 4.0 4 3 4 4 3.8 1 4 4 3.0 3 3 3 3 3 3 4 0 2.8 2.6 3.0 

88 4 4 4.0 4 3 4 1 3.0 0 1 4 1.7 1 0 3 3 3 4 4 1 2.4 2.8 1.7 

89 3 2 2.5 3 2 4 1 2.5 2 1 4 2.3 1 1 2 1 1 2 3 1 1.5 1.6 1.3 

90 4 0 2.0 4 4 3 0 2.8 1 1 0 0.7 4 2 3 3 3 0 0 0 1.9 1.8 2.0 

91 4 0 2.0 4 4 4 0 3.0 4 1 0 1.7 2 2 4 1 1 2 0 0 1.5 1.2 2.0 

92 4 4 4.0 1 1 4 4 2.5 4 1 4 3.0 4 1 1 2 2 3 2 1 2.0 1.6 2.7 

93 4 4 4.0 4 3 4 4 3.8 0 1 0 0.3 1 0 3 2 2 3 3 1 1.9 2.2 1.3 

94 3 4 3.5 1 2 4 1 2.0 2 1 4 2.3 4 2 2 0 0 2 4 4 2.3 2.0 2.7 

95 4 2 3.0 4 3 4 0 2.8 4 1 0 1.7 1 0 3 3 3 4 0 0 1.8 1.8 1.7 

96 2 2 2.0 3 4 4 4 3.8 2 1 4 2.3 1 1 3 3 3 3 3 1 2.3 2.6 1.7 

97 4 2 3.0 3 2 4 4 3.3 2 1 4 2.3 4 3 2 2 3 3 3 1 2.6 2.2 3.3 

98 4 4 4.0 4 3 3 4 3.5 4 1 4 3.0 1 1 2 3 3 3 4 1 2.3 2.6 1.7 

99 2 2 2.0 0 3 4 4 2.8 0 1 0 0.3 1 0 2 3 3 1 1 0 1.4 1.8 0.7 

100 3 0 1.5 4 2 3 0 2.3 4 3 0 2.3 2 0 2 2 2 2 0 0 1.3 1.2 1.3 

101 4 0 2.0 4 2 0 0 1.5 3 0 0 1.0 3 1 2 2 2 0 0 0 1.3 1.2 1.3 

102 3 3 3.0 4 4 4 4 4.0 3 1 4 2.7 1 1 4 4 3 4 4 1 2.8 3.2 2.0 

103 3 3 3.0 3 4 4 3 3.5 4 1 4 3.0 3 3 4 4 3 3 4 1 3.1 3.2 3.0 

104 4 3 3.5 4 2 4 4 3.5 0 1 4 1.7 1 1 2 2 2 2 4 1 1.9 2.2 1.3 

105 3 0 1.5 4 2 4 4 3.5 1 1 4 2.0 3 4 2 2 2 3 3 1 2.5 2.0 3.3 

106 1 2 1.5 4 2 4 2 3.0 4 1 2 2.3 1 1 2 2 2 4 1 1 1.8 1.6 2.0 

107 4 4 4.0 1 2 3 4 2.5 2 0 4 2.0 4 4 2 2 2 3 4 1 2.8 2.2 3.7 

108 4 3 3.5 3 2 4 4 3.3 2 1 4 2.3 1 2 2 2 2 4 3 1 2.1 2.0 2.3 

109 1 3 2.0 1 4 4 2 2.8 0 1 2 1.0 1 1 4 3 3 3 4 2 2.6 3.2 1.7 

110 0 0 0.0 3 2 3 1 2.3 4 4 0 2.7 0 0 2 0 0 1 0 0 0.4 0.4 0.3 

111 3 0 1.5 3 2 4 0 2.3 1 4 0 1.7 1 1 2 2 0 0 0 0 0.8 0.8 0.7 

112 2 3 2.5 4 2 4 0 2.5 0 4 0 1.3 2 2 2 2 2 3 4 1 2.3 2.2 2.3 

113 2 2 2.0 3 4 4 1 3.0 2 1 0 1.0 1 1 4 1 1 2 0 0 1.3 1.2 1.3 

114 3 3 3.0 3 4 4 2 3.3 2 1 2 1.7 0 0 4 2 0 1 3 3 1.6 2.4 0.3 

115 4 3 3.5 4 4 4 3 3.8 4 1 4 3.0 1 1 4 4 4 4 4 4 3.3 4.0 2.0 
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116 2 0 1.0 3 2 4 0 2.3 1 1 0 0.7 1 0 2 2 2 3 0 0 1.3 1.2 1.3 

117 3 4 3.5 4 4 4 4 4.0 1 4 4 3.0 1 0 4 4 3 4 4 4 3.0 3.8 1.7 

118 0 0 0.0 0 0 0 0 0.0 0 0 0 0.0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

119 4 3 3.5 4 0 4 1 2.3 0 0 0 0.0 2 0 0 0 0 0 3 1 0.8 0.8 0.7 

120 0 0 0.0 0 0 0 0 0.0 0 0 0 0.0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

121 1 1 1.0 0 0 3 1 1.0 0 0 1 0.3 0 0 0 0 0 0 0 0 0.0 0.0 0.0 

122 4 1 2.5 4 4 4 2 3.5 3 4 4 3.7 4 0 3 3 1 3 4 1 2.4 2.4 2.3 

123 3 1 2.0 3 2 2 1 2.0 1 1 2 1.3 1 1 2 2 1 2 1 0 1.3 1.2 1.3 

124 1 4 2.5 4 4 4 4 4.0 3 4 4 3.7 1 0 4 4 4 3 4 1 2.6 3.4 1.3 

125 4 4 4.0 2 2 4 4 3.0 0 1 4 1.7 0 0 2 2 2 3 4 1 1.8 2.2 1.0 

126 1 3 2.0 4 4 4 4 4.0 4 1 4 3.0 3 3 4 3 3 3 4 1 3.0 3.0 3.0 

127 1 0 0.5 1 2 0 0 0.8 1 0 0 0.3 0 0 2 0 0 0 0 0 0.3 0.4 0.0 

128 1 3 2.0 1 4 4 3 3.0 1 1 3 1.7 2 1 4 3 3 3 2 1 2.4 2.6 2.0 

129 1 4 2.5 1 2 3 2 2.0 1 1 4 2.0 0 0 2 1 1 1 3 0 1.0 1.4 0.3 

130 2 3 2.5 4 2 4 2 3.0 4 1 2 2.3 1 1 2 2 2 1 2 1 1.5 1.8 1.0 

131 1 3 2.0 1 3 4 2 2.5 1 1 2 1.3 0 0 1 3 3 3 4 1 1.9 2.4 1.0 

132 3 3 3.0 3 2 4 4 3.3 2 4 4 3.3 4 4 2 2 2 4 4 1 2.9 2.2 4.0 

133 2 3 2.5 0 2 4 0 1.5 0 4 0 1.3 0 0 2 2 2 3 1 1 1.4 1.6 1.0 

134 4 4 4.0 1 4 4 2 2.8 0 4 3 2.3 0 0 4 4 3 3 4 0 2.3 3.0 1.0 

135 4 4 4.0 4 3 0 4 2.8 4 0 0 1.3 3 1 1 0 0 0 1 1 0.9 0.6 1.3 

136 1 3 2.0 3 1 2 1 1.8 2 1 1 1.3 2 0 1 0 0 1 3 0 0.9 0.8 1.0 

137 1 3 2.0 2 4 3 1 2.5 2 1 1 1.3 2 2 3 3 3 4 4 1 2.8 2.8 2.7 

138 2 2 2.0 2 3 4 1 2.5 1 1 1 1.0 1 1 1 2 2 1 4 1 1.6 2.0 1.0 

139 0 3 1.5 0 4 4 4 3.0 0 1 4 1.7 0 0 4 3 3 4 3 3 2.5 3.2 1.3 

140 1 1 1.0 2 1 4 1 2.0 0 1 0 0.3 1 0 1 1 1 1 1 1 0.9 1.0 0.7 

141 4 0 2.0 1 2 4 0 1.8 2 1 0 1.0 3 1 2 0 0 1 0 0 0.9 0.4 1.7 

142 1 3 2.0 2 2 4 4 3.0 2 1 4 2.3 1 1 2 2 2 2 3 3 2.0 2.4 1.3 

143 4 2 3.0 4 2 1 4 2.8 1 4 1 2.0 2 1 2 1 1 1 2 2 1.5 1.6 1.3 

144 1 3 2.0 4 2 2 4 3.0 0 1 0 0.3 2 1 2 2 2 1 4 1 1.9 2.2 1.3 

145 0 3 1.5 0 2 4 3 2.3 0 4 4 2.7 1 1 2 2 2 3 4 4 2.4 2.8 1.7 

146 2 4 3.0 4 0 4 4 3.0 3 1 4 2.7 2 0 0 2 2 1 2 0 1.1 1.2 1.0 

147 2 2 2.0 1 0 4 2 1.8 3 1 2 2.0 3 0 0 0 0 1 2 0 0.8 0.4 1.3 

148 1 4 2.5 0 4 4 4 3.0 0 1 4 1.7 0 0 4 3 4 1 4 1 2.1 3.2 0.3 

149 4 4 4.0 2 1 4 2 2.3 1 1 2 1.3 2 2 2 2 2 4 1 1 2.0 1.6 2.7 

150 4 0 2.0 3 2 0 0 1.3 1 0 0 0.3 1 1 2 2 2 0 0 0 1.0 1.2 0.7 

151 4 1 2.5 1 1 1 1 1.0 2 1 1 1.3 1 0 1 0 0 3 1 1 0.9 0.6 1.3 
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APPENDIX 6D: RESPONSENSES FROM THE SEVEN STUDENTS 

Elements  GMNP GMNP GR GR GR GR CD(V) CD(V) CD(V) VA2D VA2D VA2D VA2D VA2D VA3D VA3D VA3D 

Question  1.1 4.1 1.1 2.1 3.1 4.1 1.1 3.1 4.1 2.1 2.2 2.3 4.2 4.3 1.2 1.3 3.2 

S1 4 0 4 4 4 0 1 4 0 4 3 2 0 0 3 3 2 

S2 4 4 4 4 4 0 1 4 0 4 4 4 0 0 3 2 3 

S3 4 1 1 2 1 1 1 0 2 1 1 1 1 1 1 1 0 

S4 4 2 4 4 4 0 1 0 2 4 4 4 0 0 3 1 0 

S5 4 0 4 4 4 2 1 4 0 4 2 2 0 0 1 1 2 

S6 4 0 4 4 0 4 1 0 4 4 4 4 2 1 3 1 0 

S7 4 4 4 4 4 4 4 4 4 4 3 3 4 4 3 1 3 

 
GMNP GR CD(V) VA2D VA3D           

FC 9 19 7 14 0 

AC 0 0 0 3 8 

TU 1 2 2 4 3 

NU 1 3 6 6 7 

ND 3 4 6 8 3 

TOTAL 14 28 21 35 21 

% (FC+ AC)  64.3 67.9 33.3 48.6 38.1 
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APPENDIX 7A: CONSENT FORM FOR STUDENTS 

 

RESEARCH ON APPLICATION OF CALCULUS INVOLVING VISUALISATIONS: FROM 

AREAS TO VOLUMES  

 

RESEARCH TO BE CONDUCTED BY: BLK MOFOLO 

A PhD STUDY                                                                                                 MARCH 2007 

 

As a Mathematician and a Mathematics Instructor for the past 13 years, I have been mostly 

worried about the way in which mathematics students in general battle with a section on 

application of calculus including areas and volumes. Most students in High schools, Technical 

Colleges (now referred to as College for FET) and Technikons (now referred to as Universities for 

Technology or Comprehensive Universities) are struggling with this section, they take time to 

learn what is required, some do not even manage to get it right. Most students nationally do not 

attempt questions under this section during the examination (if they attempt them they do not 

perform well). I decided to conduct a study, where I investigate how students learn this section 

with a particular focus on visualization, either dynamic (animations and graphics) with software 

or static with pictures. 

 

I am doing research to promote the teaching and learning of calculus. Students participating in 

this research do so voluntarily. Their names will not be revealed, only their written and 

verbal comments will be used.    

 

To be completed by students 

 

Surname: ………………………………… 

Course: …………………………………... 

Subject and level: …………………………. 

Signature: ………………………………… 

Date: 

I voluntarily participated to be part of this research. I am aware that the results from this research 

will be used to promote teaching and learning of calculus and for publications. 
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APPENDIX 7B: CONSENT FORM FOR CLASSROOM OBSERVATIONS 

 

RESEARCH ON APPLICATION OF CALCULUS INVOLVING VISUALISATIONS: FROM 

AREAS TO VOLUMES  

 

RESEARCH TO BE CONDUCTED BY: BLK MOFOLO: OCTOBER 2007 

A PhD STUDY: University of PRETORIA 

 

As a Mathematician and a Mathematics Instructor, I have been mostly worried about the way in 

which Mathematics students in general battle with a section on application of Calculus on Areas 

and Volumes. Most students in High schools, at the FET Colleges and at Universities battle with 

this section. Most students do not attempt examination questions under this section. My study is 

aimed at investigating some of these difficulties, where students‟ written and verbal 

interpretations will be recorded. A video recorder will be used to record all classroom interactions 

as teaching and learning takes place. Participation in this research is voluntary. All the recordings 

will be used for research only. The students‟ names, faces and their lecturer‟s name will not be 

revealed, only their interpretations as they solve problems will be used. 

 

The results of this research will be shared by the Colleges and the Department of Education in 

order to promote teaching and learning in this section. 

 

I ……………………….(Surname and Initials) 

Voluntarily participate in this research 

Signature………………………………... 

Date…………………………………….... 

Subject…………………………………... 

Institution……………………………….. 
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APPENDIX 7C: CONSENT FORM FOR INSTITUTIONS 

 

 

 

 

                                                                                   Pretoria 0002, South Africa 

http:www.up.ac.za/academic/maths/ 

Department of Mathematics and Applied 

Mathematics 

School for Mathematics 

01 October 2007 

 

This is to certify that Ms BLK Mofolo is registered at our university for the PhD degree in 

Mathematics Education under my supervision with prof AF Harding as co-supervisor. 

 

She requests permission from the department to analyse students‟ scripts at the department for 

previous as well as forthcoming examinations. She would also like to have the statistics of the 

mathematics results for all 50 FET Colleges in South Africa which she will use in her research. 

The aim with her research is to investigate difficulties encountered by students as they solve 

problems on the section on solids of revolution which constitutes about 20%-40% of the final 

examinations. 

 

 

 

 

Prof JC Engelbrecht 

DEPARTMENT OF MATHEMATICS AND APPLIED MATHEMATICS 

Ms Mofolo BLK 

UNIVERSITY OF JOHANNESBURG 

0825941271 
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APPENDIX 7D: CONSENT FORM FOR THE NATIONAL EXAMINATION 

 

 

 

 

 

 

                                                                                   Pretoria 0002, South Africa 

                                                                                   http:www.up.ac.za/academic/maths/ 

                                                           Department of Mathematics and Applied  

                                                           Mathematics 

                                                                                   School for Mathematics 

                                                                                   01 October 2007 

 

This is to certify that ms BLK Mofolo is registered at our university for the PhD degree in 

Mathematics Education under my supervision with prof AF Harding as co supervisor. 

 

She requests permission from your institution to administer a research instrument on volumes of 

solids of revolution. The aim of her research is to investigate difficulties encountered by students 

as they solve problems on the section on solids of revolution which constitutes about 20%-40% of 

the final examinations.  

 

The research will involve students completing a questionnaire consisting of mathematics 

questions and interviews with students and lecturers. 

 

 

 

 

Prof JC Engelbrecht 

DEPARTMENT OF MATHEMATICS AND APPLIED MATHEMATICS 
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