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1 Summary

1.1  Abstract

This project investigates the attitudes of two successive cohorts (2000, 2001 ) of studentsin the
Dawson College Liberal Arts program toward mathematics and science. The purpose isto
determine whether their studiesin Liberal Arts, in particular the conception of mathematics and
science presented in Liberal Arts courses, affect the attitudes which they show at the time of their
entry into the first semester of college studies. Our hypothesis is that the program approach used
in the Liberal Arts Program, which emphasizes curricular integration of different disciplines, and
of subject matter and abilities, improves the attitudes of students with respect to mathematics and
science. To test this hypothesis, a series of questionnaires examines the students’ relevant high
school grades and averages, their initial attitudes, and their attitudes and relevant grades as they
progress through their program of studies. The results show a marked difference between
students’ attitudes to mathematics as compared to science. In both subjects, between 1/6 and 1/3
of the responding students reported an improved attitude; while amajority of all cohorts showed
no change or a more negative attitude.

1.2  Objectivesand questions asked by theresearch

The objectives of the project are (1) to analyze the main components of students’ attitudes; (2) to
relate these to each other and to students' performance in the relevant courses; (3) to investigate
to what extent students’ attitudes may be changed by the way in which mathematics and science
are presented to them and contextualized in the Liberal Arts program This project identifies
student attitudes toward mathematics and science as falling into five categories: relative ease or
difficulty, personal attitude, importance of teaching in determining attitude, importance of
subject matter in determining attitude, current understanding of the aims and methods of the
subject.

1.3  Methodology

After theinitia collection of data on the students' performance in high school mathematics and
science, three questionnaires were administered to each experimental cohort: the first
guestionnaire, in the first term, before the students’ mathematics and science course; the second
guestionnaire, in the mid-term of their respective courses; and the third questionnaire, at the end
of their courses. The researchers were a so teaching the mathematics and science courses,
however, the research protocol guaranteed that the initial data and all student responses were
anonymous. The data was analyzed using standard statistical measures to detect whether any
changes of attitude occurred.



2. Findings and Conclusions

2.1  Findings The main findings consist of: a portrait of each of the entering cohorts
in respect of their high school records and attitudes towards mathematics and science; within
each cohort the distribution of students' ratings, expressed quantitatively, of their attitudes to
these subjects; a comparison, for each cohort, of students' attitudes from mid to end term in their
respective mathematics and science course; and the difference in student attitudes towards
mathematics as compared to science. A third cohort was included in the project for the purposes
of mathematics aone.

2.2  Conclusions This study finds no marked pattern of general improvement in
students’ attitudes, except in the case of the 2000 cohort with respect to mathematics. However,
some proportion of each cohort, ranging from 16.% to 35% of respondents, report more positive
personal attitudes toward both mathematics and science. The data support the conclusion drawn
from teachers’ observations that these students view science as a vocation or a career whereas
they consider mathematics a subject that may be useful in many fields including science. In all
cohorts, students' grades in mathematics are highly correlated with their reported understanding
of the subject, whereas in science there is no such correlation.



3. Introduction
3.1 Thesubject of research: In this project we have investigated the attitudes of two

successive cohorts of studentsin the Dawson College Liberal Artsprogram toward mathematicsand
science. The purpose wasto determine whether their studiesin Liberal Arts, in particular the Libera
Arts mathematics and science courses, affected the attitudes which they showed at the time of their
entry into thefirst semester of college studies. Our hypothesiswasthat the program approach used in
the Liberal Arts Program, which emphasizes curricular integration of different disciplines and
subject matter and abilities, improves the attitudes of students with respect to mathematics and
science. Totest thishypothesis, we examined (please see M ethodol ogy, bel ow) the students’ rel evant
high school gradesand averages, their initial attitudes, and their attitudes and rel evant grades asthey
progressed through their program of studies. We intended our investigation to bear upon the
effectiveness of the program approach in the teaching of mathematics and the history and
methodology of science in the Liberal Arts program a Dawson College. We confined
‘effectiveness’ to denote the extent to which Liberal Arts students’ attitudes became more positive
toward these two subjects in comparison to their initial attitudes. We hoped that our results would
also permit us to draw conclusions about differences in student attitudes towards mathematics as
compared to science (please see Conclusions, below).

3.2 Background: The teaching of mathematics and science presents an important issue for
secondary and post-secondary schools, i.e. high schools, Cegeps', colleges and universities. There
exists great difficulty in teaching these subjects successfully, asis shown by relatively high failure
rates and by the negative attitudes of studentswith respect to these areas.? Thisproblem isthe more
serious because of theimportance of thesefields, and persists despite the expenditure of resourcesto
ensure that these subjects are taught well. A lack of understanding and skills in mathematics and
science at the Cegep level can severely limit the university options and career choices of students.

'E.g., “Laplace des mathématiques au collégial: mémoire présenté & L’ honorable
ministre, M. Claude Ryan ...”. Centre de documentation collégiae, www.cdc.qc.ca: #709441.

2 Lafortune, L. Dimensions affectives en mathématiques. Modulo, Mont Royal, Que.
1998; and Adultes, attitudes et apprentissage des mathématiques. Cegep André Laurendeau,
LaSalle, Que., 1990; Lamontagne, J. & Trahan, M. Recherche sur les échecs et abandons:
rapport final. 1974: Centre de documentation collégiale #718854; Gattuso, L. & Lacasse, R. Les
Mathophobes: une expérience de réinsertion au niveau collégial. College de Vieux-Montreéal,
1986: Centre de documentation collégiale #709292; Collette, J.-P. Mesure des attitudes des
étudiants du college | al’ égard des mathématiques: rapport de recherche, DGEC, Que. 1978:
Centre de documentation collégiale #715026.



Aside from these prudential considerations, knowledge and skills in science and mathematics are
important for an educated person’ s capacity to understand crucial aspects of the world in which we
live.

3.3  The Liberal Arts Program is now a province wide program, approved by the Ministry of
Education in September 2002. The program is currently offered by 12 colleges (7 Anglophone, 5
Francophone), its French name being Histoire et Civilisation. The program was initiated at the
Lafontaine Campus of Dawson College in 1983, designed as an integrated curriculum of required
courses and student choices: that is, it practiced a thoroughgoing program approach well before the
current reform emphasi zed that approach to college education. Six other Anglophone collegesthen
adopted thisdesign. The Ministerial document which signaled the current reform mentioned Libera
Artsasamodel. Inthe current form of the program, given since 1994, the teaching of mathematics
and science® are part of acurriculum, whichisintegrated ‘ horizontally’ - within each semester - and
‘vertically’ - across semesters. Also, from the start, Liberal Arts has had athorough description in
terms of transferable abilities (compétences).* At Dawson, the program received a very positive
evaluation twice: in 1996-97 and 1998-99.°

3.3.1 The Dawson College Liberal Arts program consists of a sequence of 18 required
coursesincluding English, Humanities, History, Classics, Philosophy, Religion, Research Methods,
Art History, Mathematics and Logic, and History of Science. In addition to fulfilling other

% The problem of mathematics and science teaching and learning is discussed from other
viewpoints than those informing Liberal Arts, which are not taken up in this study: e.g. gender, or
ethnicity: see Davis, F. Feminist pedagogy in the physical sciences. Vanier College, St. Laurent,
Que. 1993: Centre de documentation collégiale #701989. Fennema, E. & Leder, G. C.
Mathematics and gender. Teachers College Press, Columbia University, N.Y. 1990; Powell, A.
B. & Frankenstein, M. Ethnomathematics: challenging eurocentrism in mathematics
education. SU.N.Y ., Albany, N. Y. 1997; Rossner, S. V. ed. Teaching the majority. Teachers
College Press, Columbia University, N. Y. 1995; M. Nickson, “What is multicultural
mathematics?’, in Ernest, Paul. Mathematics teaching: the state of the art. Falmer Press, N. Y.
1989, pp. 236-240.

* Liberal Arts Writing Committee. Liberal Arts program experimentation: program
description. Dawson College, November 1995. The official description of Liberal Arts by
objectives and standards is in Aaron Krishtalka, Diane Charlebois (Writing Committee), Liberal
Arts Program 700.B0, Dipléme d’ Etudes Collégiales (DEC), Dawson College, January 2003.

> Milkman K. & Krishtalka, A. Liberal Arts (700.02) (Histoire et Civilisation) Report on
the second student questionnaire. Dawson College, 1997. Dawson College. Liberal Arts
evaluation report, and appendices, 3 v. June 1999.
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requirements, French and Physical Education, students choose 6 courses in other programs to
completetheir DEC. Therequired coursesare arranged in 4 terms so that the opportunity for student
choiceincreases after thefirst term. Student choices are constrained by rulesthat limit the number of
new disciplines they may take and the number of courses they may take within adiscipline.® The
Principles of Mathematics and Logic courseisgiven in the second term of the program; the Science:
History and Methods courseis given in the third term of the program.

34  Thestudentsadmitted into thisprogram are successful students, judging by their high schools
records. All have relatively high Secondary V averages (please see section 5, Student Portrait,
below); the criteria of admission to the program ensure this. We have related research results for
previous cohorts in the formal evaluations of this program, done in 1998-1999’ and during 1995-
1997, and previously®. This previous work was aimed at the assessment of the program as a
curricular whole. It was not focused on mathematics and sciencein particular; however, it did giveus
data about the overall success of the program in terms of students' achievement and attitudes.

For the sake of greater clarity, Mathematics and Science are considered separately in the
following detailed discussion.
35 Mathematics: A central concept in the Liberal Arts program, employed in virtually al of
its courses, is the idea of an argument; and a central ability emphasized in all courses is the
construction, presentation and eval uation of arguments. The concept of an argument® iscentral tothe
practice (therefore, the teaching) of critical thinking, whichisone of thefour basic abilitiesimparted
by the program.’® The decision whether a statement isworthy of belief, or whether an action ought
or ought not be done, essentially involves assessing the arguments that support the belief or action
being considered. In thisprogram, the concept of an argument is essential to the teaching approach

® The content description of the Liberal Arts Program is available at the Dawson College
Web site: www.dawsoncollege.ge.ca, under programs of study. See Appendix 6, Program Outline.

" Dawson College. Liberal Arts evaluation report, and its appendices, 3 v. June 1999.

8 Krishtalka, A. & Milkman, K. Liberal Arts program 700.02 integration and ability
objectives...Dawson College, 1996; Milkman K. & Krishtalka, A. Liberal Arts (700.02)
(Histoire et Civilisation) Report on the second student questionnaire. Dawson College, 1997.

® An argument may be defined, somewhat informally, as follows: acomplex linguistic
device through which reasons, usually called premises, are given in support of a statement under
discussion, usually called the conclusion of the argument.

19) iberal Arts program experimentation: program description. Dawson College,
November 1995. See Appendix 6, Progam Abilities description.
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in the course devoted to mathematics, 360-124-94, Principles of Mathematics and Logic. The
emphasis that the other program courses give to argument supports the approach in this course.
3.6  Deductive reasoning (which involves the ideas of deductive argument, valid argument,
invalid argument, sound argument and unsound argument) and inductive reasoning™ (whichinvolves
the ideas of good and bad inductive argument) form the opening segment of the course. On this
basis, the claim ismadeto studentsthat mathematicsis essentially an argument driven subject, asare
the other subjectsin the program. Theintention isto show studentsthe essential unity of all of our
fields of knowledge, and to shrink the psychological distance that students generally assume exists
between mathematics and other subjects™, e.g. history, with which they feel more comfortable.
Students' response often is surprise, because for various reasons, they have come to think of
mathematics as a disconnected series of rote calcul ative schemes.

3.7  Thefurther claim is made to studentsthat for professional mathematicians the discipline of
mathematics has an essential activity, namely, the construction of aspecial kind of argument, called
aproof. Therest of the course buildson thisclaim. We show that proofs are atype of valid deductive
argument, presented via a device called an axiom system. We explicate the nature of an axiom
system,; it sets the environment for producing mathematical arguments. We then start doing
mathematics (i.e., proofs) in such fields as (the axiomatic devel opment of) algebra, geometry, linear
algebra, and calculus or statistics. However, constraints of time limit the number of fieldsthat can
be tackled in one semester. For the two cohortsinvolved in this project, the arrangement of material
inthecourseis: logic, the nature of axiom systems, and axiomatic number theory; and the extension
of the axiomatic approach to different types of numbers, linear algebra and group theory.

3.8 MathematicsintheLiberal Artscurriculum: Inpresenting mathematicsinthisway, we
connect it to other subjects presented in the program.™ For example, in the previous I ntroduction to

! For adiscussion of deductive and inductive approaches in mathematics, see Hiebert, J.,
ed. Conceptual and procedural knowledge, the case of mathematics. Hillsdale, New Jersey,
1986, especially pp. 242-49.

12 This phenomenon is discussed in, e.g., House, P. A. & Coxford, A. F., eds. Connecting
mathematics across the curriculum. National Council of Teachers of Mathematics, Reston, Va
1995.

B31. & W. Reimer, “Connecting mathematics with its history: a powerful, practical
linkage”, in House & Coxford, eds. Connecting mathematics across the curriculum, pp.104-14;
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Ancient Philosophy, we discuss ancient Greek mathematics, e.g., thework of Pythagoras, employing
theideaof aproof. Aswell, inthe concurrent Introduction to Modern Philosophy, René Descartes
Meditations are considered as an attempt to deduce the nature of the world from asfew premises as
possible. The mathematics course also takes up the question of why science is so connected to
mathematical accounts of the nature of reality, both deductive and inductive. This question is
prominently studied in the subsequent Science: history and methods. The concurrent history course,
Western World, Renaissance to Revolution, describes the historical context of the 16™ and 17"
century revolution in science and the devel opment of mathematics.

3.9 Science: The attitudes of many of our students to science are similar to those they evince
regarding mathematics. They respect science because of its evident successes, they suspect science
because of its feared power or social consequences, and they generally regard science as complex,
esoteric and largely beyond their own understanding. The close connection between science and
mathematics reinforces these views'. The students assumption here seems to be that science is
somehow a separate compartment of activity, isolated by itslanguage and its methods. However, as
pointed out above, the program is designed to lead students to understand that the contrary istrue,
that the sciences and mathematics are integrally connected to the whole tradition of seeking,
developing and validating of knowledge in the West.

3.10 ScienceinLiberal Arts: Thedevelopment of modern science, itstheories, discoveriesand
conceptual problemsform the main theme of the course Science: History and Methods. Themodern
concept of atheory - of theoretically informed explanation and the uses of evidence- isacentral idea
of the Liberal Artsprogram, and isaddressed directly in the Science course and in the other courses
in the Ministerial Block of the program®®. The Science course proceeds from the 16" to the 20™
century; its texts, discussion, empirical observations and laboratory experiments exhibit the main
devel opments of modern scientific knowledge and theory in astronomy, cosmol ogy, physics, biology,
etc. Concurrent and following coursestake up similar periodswith respect to their history, politica,

and D. J. Whitin, “Connecting literature and mathematics’, in House & Coxford, pp. 134-41.
These articles deal with primary and secondary school teaching.

4 Schwalb, J. J. Science, curriculum, and liberal education. University of Chicago Press,
Chicago, Ill. 1978.

> |n therevision of the Liberal Arts program, taking effect in September 2003, the

‘Ministerial Block’ of required coursesis found within the “ Specific Education Component” of
the new description by ‘ objectives and standards'.
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intellectual and social development, art and architecture, literature, etc. In this way, the ideas of
science are demonstrated together with the body of ideas and events that form their context, and
students are thus encouraged to understand the sciences as a part of our intellectua and technical
development™ - a phenomenon they are accustomed to treat as familiar and tractable.

3.11 The Science course hastwo primary aims. Oneisto set forth clearly the main concepts upon
which modern science is based and proceeds (e.g. gravitation, force, magnetic or electric field,
biological evolution, etc.), and to demonstrate to students that they can understand these concepts
even though they may not be doing detailed work in therel ated sciences. The explication of scientific
method is the second aim and a major feature of the Science course, and is an important themein
other required courses. Thismethod isacentral mark of modernity and involvesthefollowingideas:
theory, testing atheory, the importance of empirical observation in testing atheory, the centrality of
mathematicsto theory construction and theory testing’. Theaccount of scientific discoveries, and of
what we now know as mistakes (e.g. the various ether theories, the phlogiston theory) involve the
demonstration of the uses of scientific evidence and argument - both deductive and inductive - and
connect the Mathematics and Logic with the Science course and the Modern Philosophy course.

4. Resear ch M ethodology, General objectives

4.1  Themain objective of the project was, over athree-year period and for two student
cohorts, to evaluate the success of the program approach in the Liberal Arts program at Dawson
Collegein changing students' attitudes towards mathematics and the sciences.

4.2 A subsidiary objective was, over athree year period and for two student cohorts, to
evaluate the success of the program approach in the Liberal Arts program at Dawson College in
students’ learning of the mathematics and science components of the program; it being understood
that such the eval uative method would consist in correl ating cohort attitudes with grade performance.

4.3  Research Protocol and Procedures. All the data gathered in this research project
were obtained from two sources. questionnaires completed by student respondents and theavailable

1® The contextualization of science teaching is discussed in Schwab, J. J. The teaching of
science asenquiry. Harvard University Press, Harvard, Mass. 1964.

7 Giere, R. Understanding scientific reasoning. 2™ ed. Holt, Rinehart, N. Y. 1984, pp.
45-95.

-11-



records of their high school and college grades. We used a research protocol that preserved the
anonymity of subjects and respondents. Our protocol employed a coding technique that also
permitted the tracking of individual subjects data.

44  Research Protocol: Since we were the researchers as well as the teachers of the
experimental cohorts in the mathematics and science courses, we took no part in administering
questionnaires to students. All questionnaires were administered by a third party, a paid research
assistant. The research assistant carried out the steps necessary to guarantee the anonymity of
respondents, as follows:

4.4.1 the guestionnaires were administered during class periods without any prior
notice. The research assistant read out the instructions pertaining to the questionnaires (see
Appendix 2), distributed them to the students present, and collected the completed
guestionnaires,

4.4.2 theinstructionsasked the studentsto writethelast 4 digitsof their student number at
thetop of the questionnaire sheet. The research assistant then treated each response sheet asfollows:
she multiplied the students' 4 digit numbers by a number that was known only to herself and was
deposited in a sedled envelope with the director of research at Dawson College. On each sheet, she
then tore off the student’s 4 digit number and wrote instead the computed number. She then
delivered to us the completed questionnaires, whose identifying number could not be linked to any
particular student but could act as the research code for individual subjects.

4.4.3 Student grades were treated in the same manner. The spreadsheets containing their
high school or college grades were given to the research assistant who coded them by the above
procedure. This enabled usto track high school grades, questionnaire responses and college grades
for each subject in a cohort while adhering to strict anonymity of respondents.

45  Procedures. Each cohort completed 5 questionnaires, Qul...Qu5. Each
guestionnaire comprised no more than 10 questions. All the questionnaires were qualitative in
character, and elicited responses on an attitudinal scale, e.g. extremely positive, positive, neutral,
negative, extremely negative. (Please see Appendix 2 for the questionnaires.) The qualitative
responses were analyzable and expressible quantitatively, so as to make possible the assembly of a
statistical picture of attitudinal change.

4.5.1 For each of the cohorts under study we obtained from the Dawson registrariat the Sec.
IV and Sec. V mathematics and science grades of first semester students.

-12-



4.5.2 Qul...Qu5 were administered as follows:

Schedule of questionnaires: attitudinal data

Questionnaire cohort 2000 cohort 2001
Qul. On initial attitudes to mathematics and science Sept. 2000 Sept. 2001
Qu2. During course: on attitudes to mathematics at mid-term | March 2001 March 2002
Qu3. End course: on attitudes to mathematics May 2001 May 2002
Qu4. During course: on attitudes to science at mid-term October 2001 | October 2002
Qub. End course: on attitudes to science Dec. 2001 Dec. 2002
4.5.3 The data on student grades were collected as follows:
Data gathering schedule
Type of data Cohort Cohort 2001
2000
Sec. IV & V mathematics & science grades Sept. 2000 Sept. 2001
Principles of Math & Logic 360-124-94 grades May 2001 May 2002
Science: history & method 360-125-94 grades Jan. 2002 Jan. 2003
Other Cegep math & science courses. grades Jan. 2001 Jan. 2002
May 2001 May 2002
Jan. 2002 Jan. 2003
May 2002 May 2003

45.4 Our analysis of data compared students’ initial attitudes towards mathematics and
science with their attitudes towards these subjects during the relevant courses and at their completion
of those courses. Our aim was to measure the degree of change, if any, and to analyze the statistical
aspects of such changefor thisrelatively small population. Data tracking techniques (see4.4.2 and
4.4.3, above) dso alowed (i) anaysis of attitudinal change for individua subjects; and (ii)
correlation between observed attitudinal change and academic performance.

13-



Findings and Results

5. Portrait of the student cohort 2000
51 Cohort 2000

5.1.1 Population: The entering cohort 2000 population in the Fall semester, September —
December 2000, was 75 (Table 1, column B). This number grew to 87 (Table 1, column A) in
January 2001due to students who transferred into Liberal Artsfrom other programs, and students
repeating the Mathematics course (from the 1999 cohort in the previous year).

5.1.2 The students' high general averages (Table 1, column |, or Table 2, column K) show
that these are well qualified and successful high school students.

5.2. High School M athematicsbackground: Pleaserefer to Table 1,below, for column references.

5.2.1 Column C shows that while 68 of 75 students (for whom High School data were
available) took and passed the minimum mathematics requirement for graduation, only 4 of these
were content with the minimum requirement. Column G showsthat the great mgority (54) also took
and passed the advanced high school mathematics course, which isthe requirement for admissionto
the Commerce program, and is one of the requirements for admission to Cegep Science programs.

5.2.2 Columns H and | show the difference between the performance of these studentsin
their mathematics courses as compared to their over-all performance. Their genera average,
including mathematics, is almost a grade level higher than their mathematics grades.

5.2.3 The centile distribution of the students” grade performance showsthat, for each of the
high school courses, a significant majority had grades in the top three centiles:
in Math 436 (column C)...51 of 68 had gradesin the top three centiles;
in Math 514 (column D)...12 of 15 had grades in the top three centiles;
in Math 536 (column E)... 32 of 54 had gradesin the top three centiles.

5.2.4. Conclusion: The results shown above (5.2.2., 5.2.3.) support the conclusion that by
most measures, these students were successful in their high school mathematics, but lessso thanin
their other studies. This might indicate that they have experienced difficulty in mathematics, a
hypothesisthat istested in this project by investigating their expressed attitudestoward mathematics
upon entry to Dawson.

-14-
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5.3. High School Science Background:
Please refer to Table 2, below, for column references.

5.3.1 Column C showsthat while 64 of 75 students (for whom datawere available) took and
passed the minimum science requirement for graduation, 29 of these were content with the minimum
reguirement, and 35 took more than the minimum. Columns G, H, and | show that, of the 35, 16 took
one other science course, 18 took 2 other science courses, and only 1 took 3 other science courses.
Thus, 19 of the 64 students were qualified to apply for admission to Cegep Science programs.

5.3.2 Columns Jand K show the difference between the performance of these studentsin
their science courses as compared to their over-all performance. Thisdifferenceisnot asmarked as
in Mathematics, but it is nonethel ess noteworthy. Their general average, including mathematics, is
half a grade level higher than their science grades.

5.3.3 The centile distribution of the students' grade performance in science showsthat, for
each of the high school courses, a significant magjority had grades in the top three centiles:
in Science 416 (column C)...49 of 64 had grades in the top three centiles,
in Physics 584 (column D)...15 of 25 had grades in the top three centiles;
in Chemistry 584 (column E)... 17 of 22 had gradesin the top three centiles.
in Biology 534 (column F)... 11 of 12 had grades in the top three centiles.

5.3.4 Conclusion: The results shown above (5.3.2., 5.3.3.) support the conclusion that a
majority (35/64) of this cohort decided well before their high school graduation year not to qualify
for admission to Cegep science programs. The relatively small number, 19, who did qualify for
admission to Cegep science did not apply despite their relatively good grade performance in the
sciences. These results might indicate that they see the sciences as involving difficulty, excluding
mathematics, a hypothesis that is tested in this project by investigating their expressed attitudes
toward science upon entry to Dawson.
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6. Portrait of the student cohort 2001
6.1  Population: The entering cohort 2001 population in the Fall semester, September —
December 2001, was 73 (Table 3, column B). This number grew to 84 (Table 3, column A) in
January 2002 due to students who transferred into Liberal Artsfrom other programs, and students
repeating the Mathematics course (from the 2000 cohort in the previous year).

6.1.1 The students high general averages (Table 3, column |, or Table 4, column K) show
that these, like the 2000 cohort, are well qualified and successful high school students.

6.2. High School M athematicsbackground: Pleaserefer to Table 3, below, for column references.

6.2.1 Column C shows that while 67 of 73 students (for whom High School data were
available) took and passed the minimum mathematics requirement for graduation, only 2 of these
were content with the minimum requirement. Column G showsthat the great maority (49) a so took
and passed the advanced high school mathematics course, which isthe requirement for admission to
the Commerce program, and isone of the requirementsfor admission to Cegep Science programs. In
these characteristics the 2001 cohort is very similar to the 2000 cohort.

6.2.2 Columns H and | show the difference between the performance of these studentsin
their mathematics courses as compared to their over-all performance. The difference between their
general average, including mathematics, and their mathematics average (6.39%) is significant but not
as great asin the case of the 2000 cohort (8.36%).

6.2.3 Thecentiledistribution of the students grade performance showsthat, for each of the
high school courses, a significant majority had grades in the top three centiles:
in Math 436 (column C)...50 of 67 had gradesin the top three centiles;
in Math 514 (column D)...12 of 18 had grades in the top three centiles;
in Math 536 (column E)... 34 of 49 had grades in the top three centiles;
in Other Math (column E1)... 6 of 8 had grades in the top three centiles.

6.2.4 Conclusion: The conclusion is the same as that reached for the 2000 cohort. The
results (6.2.2., 6.2.3.) show that by most measures, the 2001 cohort studentswere successful in their
high school mathematics, but more successful in their other studies. The same hypothesis stated in
5.2.4isindicated here, and istested by investigating their expressed attitudes toward mathematics
upon entry to Dawson.
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6.3  High School Science Background: Please refer to Table 4,below, for column references.

6.3.1 Column C showsthat while 68 of 73 students (for whom datawere available) took and
passed the minimum science requirement for graduation, 32 of these were content with the minimum
requirement, and 36 took more than the minimum. Columns G, H, and | show that, of the 36, 16 took
one other science course, 10 took 2 other science courses, and 10 took 3 other science courses. In
addition, and unlike the 2000 cohort, 10 studentstook atotal of 4 science courses. Thus, 20 of the
68 students were qualified to apply for admission to Cegep Science programs.

6.3.2 Columns Jand K show the difference between the performance of these studentsin
their science courses as compared to their over-all performance. In this cohort, thereisvirtually no
difference (.09%) difference between their general average, including mathematics, and their average
iN science courses.

6.3.3 The centile distribution of the 2001 cohort grade performance in science shows that,
for each of the high school courses, a significant majority had grades in the top three centiles:
in Science 416 (column C)...64 of 68 had grades in the top three centiles,
in Physics 584 (column D)...16 of 21 had grades in the top three centiles;
in Chemistry 584 (column E)... 20 of 23 had gradesin the top three centiles.
in Biology 534 (column F)... 15 of 15 had grades in the top three centiles,
in Other Biology (column F1)... 7 of 8 had grades in the top three centiles.

6.3.4 Conclusion: Theresultsin6.3.2., 6.3.3. above, show that almost 50% (32/68) of this
cohort decided well before their high school graduation year not to qualify for admission to Cegep
science programs. It is noteworthy that these same students scored higher intheir science coursethan
intheir general average. A relatively small number, 20, did qualify for admission to Cegep science.
These students were successful in science, did trouble to get the mathematics prerequisites, and
nonethel ess elected not to apply to a cegep science program. The question, what attitudes toward
science contribute to such results, is particularly interesting, and isamong other questionstaken upin
this project.
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7. Cohort 2000, Results of thefirst attitudinal questionnaire, October 2000.

The results of this questionnaire, Table 5, show the students' attitudes toward Mathematics and
Science during their first semester, but before they have taken the Mathematics and L ogic course of
the second semester or the Science: History and Methods course in the third semester.

7.1  Cohort 2000, attitudestoward M athematics
Please refer to Table 5, below [Please see the text of the first questionnaire in Appendix 2]:

7.1.1 g1, g2 and g5: afar larger proportion of the students consider mathematics difficult,
and their own attitude to it negative, than characterize mathematics as easy and their attitude to it
positive. Yet, as the responses to g5 show, a mgjority rate their understanding of its aims and
methods as good to excellent. The correlationsin Table 6 reflect the above results: responsesto gl
and g2 are positively correlated; the correlations of each with g5 show that a higher rating of
understanding of the subject is associated with positive personal attitudes to mathematics and with
the opinion that it isrelatively easy.

7.1.2 g3 and g4: the striking result hereisthat amajority (33/61) consider teaching crucial,
and that amost al (51/61) regard it as ‘important’ to ‘crucia’, as a factor in determining their
attitude toward mathematics. Only about 15% (9/61) think subject matter is crucia in thisregard;
however, 72% (44/61) rate subject matter as ‘important’ to ‘crucia’. Irrespective of students
performancein their high school mathematics courses, their rating of theimportance of teaching and
subject matter in deciding attitudes is relatively high.

7.1.3 Table 6, below, also shows positive correlations between the students' high school
mathematics average grades and their responses to g1, g2 and gb. In the case of g5, higher high
school math averages are associated with ahigher rating of understanding of the subject. That there
isvirtually no correlation between high school math averages and students’ rating of the importance
of both teaching and subject matter as factors in determining their attitudes toward mathematics
agrees with the result cited in 7.1.2.

7.1.4 Conclusion: The students have the opinion that they understand the nature of
mathematics, while showing generally negative attitudestoward it. We concludethat they think they
can identify correctly what it is about mathematics that they find difficult and off-putting.

7.2  Cohort 2000, attitudes toward Science: Table 5 [Please see the text of the first

guestionnaire in Appendix 2.]: the results found here are markedly different from those related to
attitudes to mathematics (7.1 above).
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7.2.1 6. amost the same proportion (about 29%) of the students responding consider
science to be easy to very easy as think it difficult. A larger proportion (41%) regard science as
average on the same scale.

7.2.2 g7: more respondents rate their personal attitude toward science as positive to very
positive than judge it negative to very negative. A larger proportion rate their attitude as neutral on
the same scale. In Table 6 the responsesto g6 and g7 are positively correlated; the correlation of g6
with gl10 is aimost identical to that of g1 and g5 in the mathematics section; but the q7-q10
correlation, relating persona attitudeto rating of understanding, islesspositive. It isnoteworthy that
the students’ rating of their persona attitude toward science and their high school grades are
independent.

7.2.3 g8 and q9: over 95% of the cohort consider teaching to be important to crucia in
determining their attitudestoward science; while alesser but large proportion take the sameview of
the subject matter of science.

7.2.4 g10: here the results should compared to those for 6. About 42.6% rate their own
understanding of the aims and methods of scienceasonly ‘fair’ to ‘poor’, whilein g6, significantly
more respondents (nearly 70%) regard science as ‘average’ to ‘very easy’ asasubject. Thereisa
positive correlation between the students' high school science grades and how they rate their
understanding of the subject.

7.25 Conclusion: In genera, these students do relatively well in science, yet their
performancein the subject has no discernablerelation to their personal attitudetoit. Thiseffect may
be connected to the fact that al of the cohort take the minimal high school science requirement,
which is their first exposure to the subject, while nearly half of the cohort take only that course.
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8. Cohort 2000, Mid and End Term Mathematics questionnair e results
Please see Tables 7 and 7A, below. These questionnaireswere administered inthe mid-term (March
2001) and at the end (May 2001) of the cohort’ s course, Principles of Mathematics and Logic. Since
the number of responding students varied in each of the questionnaires (1, 2 and 3), the comparisons
made below are with respect to percentages.

8.1 gl: The percentage of students who regard mathematics as difficult to very difficult drops
from 49.2% to 42% to 39.4%. For the whole cohort (see Table 7, Chart), the averages of responses
show a dlight and continuous movement toward a less “ difficult” view of the subject.

8.2 g2: The students' rating of their personal attitude to mathematics rises steadily across the 3
guestionnaires. The rating of “neutral” to “very positive” rises from 49.2% to 58% to 66.6%, while
the “negative” to “very negative” ratings falls from 45.9% to 40% to 31.1%. show a continuous
movement toward the more positive part of the scale.

8.3 g3: The cohort’ srating of theimportance of teaching remains high, with the only significant
change being a relative increase in the "important” category, and relative decreases in both the
“crucia” and “neutral” categories acrossthe three questionnaires. For the whole cohort (see Table 7,
Chart), the averages of responses decline slightly.

84 g4: How the students rate subject matter, in both percentages and averages of responses,
shows arise toward the “crucial” category of the scale.

8.5 g5: How the students rate their understanding of mathematics varies across the three
guestionnaires. The second questionnaire shows a decrease (in the percentages and averages) in the
“good” to “excellent” categories, and anincreaseinthe“fair” to “ poor” categories of responses. The
responses to the third questionnaire reverse this result, showing an increase over the first
guestionnaireinthe*good” to “excellent” categories, and adecreaseinthe“fair” to“poor” categories.

8.6 Conclusion: By their experience of the mathematics course, the students come to regard
mathematics as somewhat less difficult, and their personal attitude becomes more positive. Their
teacher dependence (their rating of theimportance of teaching) declinessightly, whilethey judgethe
subject matter of mathematics moreimportant. The most striking result concernsgb, illustrated inthe
chartin Table 7, and in 7A: the students’ initial reaction to their course has them downgrading their

-26-



understanding of mathematics; but at the end of the course, that assessment isreversed, and ahigher
than their initial rating of their understanding is the result. Of the 40 students who completed both
Questionnaires 1 and 3, 19 rated their understanding of mathematics as unchanged, 13 asgreater, 6 as
less at the end of the term, and 2 gave no opinion. Thereisahigh correlation (0.6670: see Table 7A)
between the ratings of understanding in Questionnaire 3, at the end of theterm, and the students’ final
grades in the Mathematics and Logic course.
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TABLE 7A: Cohort 2000, Mathematics, Responses to g5 on Questionnaires 1, 2, 3
for those students (42) who did at least 2 Questionnaires

Math Math Math 360-124 g5 responses
Research Qu.1 Qu. 2 Qu. 3 Math/L ogic compared in
Code Q5 g5 g5 Grades Qu.1, Qu.3
98092 4 4 6 84.0 same
164537 6 8 4 76.0 19
164811 6 8 6 67.0 greater in Qu.3 = =4
164948 4 6 8 82.0 13 11 2
165085 6 8 8 94.0 less in Qu.3 =-2 =4
165222 2 2 2 20.0 6 6 0
165770 4 2 2 40.0
166044 6 6 6 86.0
166455 4 6 6 88.0 g5 responses
166592 8 2 dnd 92.0 compared in
166729 6 4 6 83.0 Qu.l1, Qu.2
167414 4 4 4 66.0 same
171524 6 6 6 88.0 15
202075 8 6 8 94.0 greater in Qu.2 =2 =4
202212 10 8 8 90.0 8 8 0
206870 4 2 dnd 20.0 less in Qu.2 =-2 =-4 =-6
256053 8 6 8 99.0 17 13 2 2
310168 4 6 6 84.0
310990 8 8 10 88.0
311127 4 2 4 87.0 g5 responses
311264 8 6 8 94.0 compared in
311401 4 6 6 96.0 Qu.2, Qu.3
311812 6 4 8 81.0 same
312360 4 6 2 82.0 18
312497 10 10 10 96.0 greater in Qu.3 = =4 =6
313319 6 4 8 78.0 18 10 7 1
313593 4 2 2 60.0 less in Qu. 3 =-2 =-4
313867 4 4 6 75.0 3 1 2
314415 8 8 8 84.0
314552 6 2 6 84.0
448401 6 4 10 88.0 Correlation between g5 of Qu.3 and final grades
for all students (70) who completed the course:
467033 6 6 6 81.0 0.6670
467444 8 8 10 98.0
468677 8 4 8 80.0
486624 4 2 6 95.0
487446 6 6 6 86.0
530464 4 4 4 88.0
618281 N N N 68.0 dnd = did not do the questionnaire
648558 10 4 8 92.0 N = no opinion
679931 2 2 2 60.0
1060654 N 4 8 84.0
1061202 4 4 4 78.0
42 42 42 42
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9. Cohort 2000, Mid and End Term Science questionnaire results

Please see Tables 8 and 8A, below. These questionnaires were administered in the mid-term and at the
end of the cohort’s course, Science: History and Methods. Since the number of responding students
varied in each of the questionnaires (1, 2 and 3), the comparisons made below are with respect to
percentages.

9.1 gl: compared to their initial rating, the cohort comes to regard science as dightly more
difficult during their science course. The significant drop occurs among students who initialy rated
science as either easy (from 19.7% to 16% to 9.1%) or very easy (from 8.2% to 0%).

9.2 g2: cohort ratings of personal attitudes to science show very slight changes across the 3
guestionnaires: they become slightly more positivein mid term, and fall slightly below initial values
a the end of the term. The significant changes occur in the “positive” to “very positive’ response
ranges: from 38.7% to 44% to 38.6%.

9.3 g3 and g4: cohort ratings of the importance of teaching and subject matter in determining
attitudes stay in the “important” to “crucial” range across the questionnaires. In g3 (importance of
teaching), the noteworthy change is the shift of the bulk of responsesto the“crucial” category. In g4
(subject matter), it isthat the proportion of responsesin the“important” to “crucial” categoriesrises
from aninitia 73.8% to 94%, then falling slightly to 86.4%.

94 g5: asin g2, cohort ratings of understanding of science rise during the term slightly at mid
term and fall dightly below initial ratings at end term.

9.5 Conclusion: compared to their high school experience, the students regard their college
science as somewhat more difficult, and rate their personal attitudes toward it as somewhat more
negative. Nevertheless, their rating of their grasp of the subject stays virtually unchanged. Of the 32
students (see Table 8A) who completed both Questionnaires 1 and 3, 9 rated their understanding of
science asthe same, 12 as greater, 10 asless at the end of the term, and 1 gave no opinion. This may
be explained by therelativelevelsof difficulty, respectively, of their high school and college courses.
For ailmost half of the cohort their high school science course, the minimum graduating requirement,
isthe only science course they take. Their exposure to the basic theoretical concepts and laboratory
methods of science is more pronounced and thorough in their third term college course.
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9.5.1 In sharp contrast to the Mathematicsresults, thereisvirtually no correlation (see Table
8A) between students' rating of their understanding and their final gradesintheir science course. The
students’ responses may derive from their view that in “ Science: History and Methods’ they are
studying history of science, not science proper, about which their opinions are by and large
unchanged by the course. (Please see Teachers Comments, Section 13, below.)
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TABLE 8A: Cohort 2000, Science, Responses to g5 on Questionnaires 1, 2, 3
for those students (44) who did at least 2 Questionnaires.
Note: 10 of Qu.1 is the same as g5 in Qu.2 and Qu.3

Science | Science | Science |  360-125-94 g5 responses
Research Qu.1 | Qu.2 | Qu. 3 | Hist. Of Sci. compared in
Code gq10 g5 g5 Grades Qu.1, Qu.3
164537 6 4 dnd 83 same
164811 4 6 dnd 75 9
164948 4 4 10 80 greater in Qu.3 =2 =4 =6
165085 4 8 dnd 84 12 8 2 2
165770 8 6 6 75 less in Qu.3 =-2 =-4 =-6
166044 4 6 4 84 10 7 2 1
166455 4 6 6 91
166729 6 4 4 87
167414 6 6 4 77
171524 6 6 6 87 g5 responses
202075 8 8 6 90 compared in
202212 8 8 8 84 Qu.1, Qu.2
202349 4 4 4 76 same
256053 8 6 6 90 15
310168 4 8 8 86 greater in Qu.2 =2 =4 =6
310442 8 6 dnd 70 17 13 4 0
310990 8 8 dnd 85 less in Qu.2 =-2 =-4 =-6 =-8
311127 4 6 4 90 11 10 0 0 1
311401 4 6 6 85
311538 6 6 6 85
311812 4 6 6 81 g5 responses
312497 8 8 4 81 compared in
313319 4 4 6 75 Qu.2, Qu.3
313456 8 6 4 74 same
313593 4 6 4 71 16
313867 4 6 6 60 greater in Qu.3 =2 =4 =6
314415 6 6 dnd 78 6 5 0 1
347980 6 6 dnd 72 less in Qu.3 =-2 =-4 =-6
435660 4 6 6 73 9 7 2 0
447442 4 6 dnd 49
447990 6 4 6 67
448401 4 8 8 82 Correlation between g5 of Qu.3 and final grades
467033 10 8 8 88 for all students (63) who completed the course: 0.1055
468677 8 6 dnd 81
486624 6 6 8 81
486761 4 6 4 76
487446 8 8 dnd 82 dnd = did not do the questionnaire
530464 4 6 6 84
608006 2 6 8 77 N = no opinion
618281 N N N 80
648558 10 2 4 81
679931 6 4 dnd 82
1060654 6 8 4 87
1061202 4 4 dnd 87
44 44 44 44
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10. Cohort 2001, Results of thefirst attitudinal questionnaire, October 2001.

The results of this questionnaire, Table 9 below, show the second cohort’s attitudes toward
Mathematics and Science during their first semester, but before they have taken the M athematicsand
Logic course of the second semester or the Science: History and Methods coursein thethird semester.

10.1  Cohort 2001, attitudes toward M athematics
Please see Table 9. Thetext of the first questionnaireisin Appendix 2.

10.1.1 g1, g2 and g5: a roughly equal proportion of the students consider mathematics
difficult, and their own attitude to it negative, as characterize mathematics as easy and their attitude
to it positive. Still, as the responses to g5 show, a higher proportion of the students rate their
understanding of the aims and methods of mathematics as good to excellent rather than fair to poor.
These results are different than those obtained for cohort 2000. The correlationsin Table 10 reflect
the degree of difference: responses to g1 and g2 are still positively correlated but less so than for
cohort 2000. The sameresult is observable in the correlations of g1 and g2 with g5: the correlations
arelesspositive, but still show that ahigher rating of understanding of the subject isassociated with
positive persona attitudes to mathematics and with the opinion that it is relatively easy.

10.1.2 g3 and g4: the striking result here, as with cohort 2000, is that a majority (38/69)
consider teaching crucial, and that almost all (60/69) regard it as‘important’ to ‘crucia’, asafactor
in determining their attitude toward mathematics. Only about 14.5% (10/69) think subject matter is
crucial inthisregard; however, 58% (40/69) rate subject matter as‘important’ to ‘ crucia’. Aswith
cohort 2000, irrespective of performanceintheir high school mathematics courses, students' rating
of the importance of teaching and subject matter in deciding attitudesis relatively high.

10.1.3 Table 10 shows positive correl ations between the students’ high school mathematics
average grades and their responsesto g1, g2 and g5. The correlationsfor g2 and g5 are considerably
weaker than were found for cohort 2000. In all other respects, the correlational results for the two
cohorts are virtually identical (see 7.1.3).

10.1.4 Conclusion: The studentsin cohort 2001, like their colleaguesin cohort 2000,
believe that they understand the nature of mathematics, while they show generally negative
attitudes toward it. The same conclusion applies: they think they can identify correctly what it is
about mathematics that they find difficult and off-putting.



lmMI

"90UBI0S J0/pue UIe|\ 10} a|qe|ieA. aiam elep |00yds ybiy woym o) T aireuuonsand) 0} sjuspuodsal o J1aquinp x

0 0 0 0 0 %09 Mojaq BAY “1PS[ 9 9 v ¥ 0T %09 Mo[aq PAY Urew[ T
€ee’s 199'8 199'8 199'v 14 %6'69-09 BAV 195| 8GT'S 6.5°. Zv8’8 S 2e9'Yy %6'69-09 BAV Ure|  TZ
9T€9 viv'L TZr'8 vv9 S0T'9 %6'6.-0L BAv 0S| T2 €eT9 6L 1906 €eL's €ee’s %6'6.-0L BAY Urew| /T

9 8 706 L9 ¥'9 %6'68-08 bAV 195| GZ L S99 ¥9€'8 6099 SEV'9 %6'68-08 BAV UleN| €2
TTT9 vrv'8 8..°8 TTT9 €ee9 %00T-06 BAY 195| 6T 98¢'8 8 T.S'8 vTL'L evTe %00T-06 BAY Urew| 2
9179 000’8 5.8 Z1v9 €029 sasuodsal |[e sBAY| « 69 S9¢2°9 819°L 9/9'8 0009 6209 sasuodsal |[e sBAY| . 69
otTb 6b gb Lb gb sa|nuad Aq sbay | "ON Gb vb cb zb 1b Sa|1Uad Aq SBAY| ON

abeiane aoualds |[00yas ybiy ,siuapnis Aq padnolb sasuodsal Jo "SBAY

abeiane yrew jooyss ybiy ,siuapnis

{q padnoub sasuodsal Jo 'sbay

"sa|11uad Aqg ‘abelane aoualds pue abesane yrew jooyas ybiy ,siuapnis Ag padnoib sasuodsal Jo sabelany
:S1INsay :T00Z 42703120 ‘a4reuuonsand [euipniiny isii4 ‘T00Z Moyod

69 69 69 69 69 wns
0 0 0 v Tl T 0 N
%86l ¥ | v TIT | [w6e2lz | [wz8l9 | [wsalv 2
%9 vzl LT [%62lz | [%r Tl T [[wsvTl ot [wT 0Tl 2 v
[%eeel e2|[%S 1] 0T 0 [%0°62] 02| [96T°5S] 8€ 9
[%v0€] T2|1%5 9] 6€ |[%v 9v] Z€[[%9 0] 82| [%T 92] 8T 8
%8sl v %972l LT|[we6v] ve| [%8Gl v | [w6Z]2 0T
buipuels 10108} 1010®} 103lgns asuodsal
-18pun ese ese apnine ese
juasaid 109lgns Buiyoea) jeuosiad ERlIETRIS
oth 6b gb /b ob

U01109S 90UaI0S

u01108s Solewayren

‘Aiobared asuodsal yoea ul sispuodsal Jo Jaqunu ayl Jo uolsanb Aq uonnquisig
:S}INS8yY ‘TO0Z 4270100 ‘direuuoiisanQ [eulpnimy 1sii4 ‘T00Z 110YyoD 6 3719V.L

69 69 69 69 69  |wns
v Tl T [ loovTlT | [erTIT | vt T 0 N
%2 2]S | [wrTIT | [we2lz | [t otl 2 | [9%68Sl v 2
[%9° 1Tl 8| [evI€ | [wev]e [T 9zl 8T |[wT 92l 8T +

[o6e 6v] ve|[ne 02l vT| [e vl € |[ns L2l 6T [ 9gl 62| 9

[%¢/12] ST|[%0°8S] 0v|[%66°T€] 22| (%2 e2] 9T [[wo vel 2T] 8
(%2819 [[%S vT] 0T|[%6T GS] 8€| [9%69°TTI 8 | [%z 2] S 0T
buipuels 10108} 1010®} 103lgns  [esuodsal

-lapun e se ese apnune ese
juasaid 109lgns Buiyoea) leuosiad yre
Gb b eb Zb Tb




10.2 Cohort 2001, attitudes toward Science
Please see Table 9, below. The results found here are markedly different from those related to
attitudes to mathematics (10.1 above).

10.2.1 g6: About 29% of the students responding consider scienceto be‘easy’ to‘very easy’,
while 16.9% think it difficult. Thisresult isdifferent than that obtained for cohort 2000 (see above,
7.2.1.) A larger proportion (55.1%) regards science as average on the same scale.

10.2.2 g7: Asincohort 2000, more respondentsratetheir persond attitudetoward science as
positiveto very positive than judgeit negativeto very negative. Only 29% (20/69) ratetheir attitude
as neutral on the same scale. In Table 10 the responses to g6 and g7 are positively correlated; the
correlation of g6 with g10isalmost identical to that of g1 and g5 in the mathemati cs section; but the
g7-q10 correlation, relating personal attitude to rating of understanding, isslightly lesspositive. As
with cohort 2000, the students' rating of their personal attitude toward science and their high school
grades are independent.

10.2.3 g8 and q9: Theresultshereareamost identical to thosefor cohort 2000. Nearly 95%
of the cohort consider teaching to be important to crucial in determining their attitudes toward
science; while alesser but large proportion take the same view of the subject matter of science.

10.2.4 10: here the results are less striking than in the case of cohort 2000 (see Table 6).
Comparing the responsesto q10 and g6, 30.4% rate their understanding of the aims and methods of
science as fair to poor, while in g6 significantly more respondents, about 84%, regard science as
averageto very easy asasubject. Asshown on Table 10, thereisvirtually no correlation between the
students’ high school science grades and how they rate their understanding of the subject. Thisresult
differs markedly from the analogous correlation obtained for the 2000 cohort (see Table 6).

10.2.5 Conclusion: In genera, these students do relatively well in science, yet their
performancein the subject has no discernablerelation to their personal attitudetoit. Thiseffect may
be connected to the fact that al of the cohort take the minimal high school science requirement,
which istheir first exposure to the subject, while nearly half of the cohort take only that course.
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TABLE 10
Cohort 2001 — Correlational Analysis of thefirst attitudinal questionnaire, Qu.1, Oct. 2001

Correlations, Math Section, between g1...9q5

corr. g1-g2|corr. g1-g3 |corr. g1-g4 [corr. g1-g5
0.5142 -0.3185 0.0945 0.5833
corr. g2-q3 |corr. g2-g4 [corr. g2-g5

-0.0738 0.1108 0.4705

corr. g3-g4 [corr. g3-g5

-0.0235 -0.2638

corr. g4-q5

0.1641

Correlations, Science Section, between g6...q10

corr. g6-q7|corr. g6-q8|corr. g6-q9|corr. q6-q10
0.3746 0.2829 0.1519 0.5788
corr. g7-gq8|corr. q7-q9|corr. q7-q10

0.2660,  -0.0522 0.4445

corr. g8-q9|corr. g8-q10

0.3327 0.0791

corr. 99-q10

0.2707

Correlations between gl...g5 and H.S. Math avgs.

Correlations between g6...q10 and H.S. Science avgs.

Corr. g1 &|Corr. g2 &|Corr. g3 &|Corr. g4 &|Corr. g5 & Corr. g6 &|Corr. q7 &|Corr. g8 &| Corr. q9 & |Corr. q10 &
H.S. Math | H.S. Math | H.S. Math | H.S. Math | H.S. Math H.S.Sci | H.S.Sci | H.S. Sci H.S. Sci H.S. Sci
0.3738 0.2004| -0.0319 0.0188 0.4140 0.2434 0.1217 0.1182 0.1821 0.0364

-37-




11. Cohort 2001, Mid and End Term Mathematics questionnaireresults
Please see Table 11 and 11A, below. These questionnaires were administered in themid-term (March
2002) and at the end (May 2002) of the cohort’ s course, Principles of Mathematicsand Logic. Since
the number of responding students varied in each of the questionnaires (1, 2 and 3), the comparisons
made below are with respect to percentages.

11.1 ql: The percentage of students who regard mathematics as difficult to very difficult drops
from 31.9% to 28.5% and then rises slightly to 29.7%. For the whole cohort (see Table 11, Chart),
the averages of responses show a slight movement toward amore “ difficult” view of the subject. In
theseresultsit isclear, however, that from the outset and through the two following questionnaires,
cohort 2001 generally viewed mathematics as less difficult compared to cohort 2000.

11.2 g2 The students' rating of their personal attitude to mathematics, from “neutral” to “very
positive’, rises from a comparatively high 62.3% to 73.2% and 72.2% across the 3 questionnaires.
The"“negative” to “very negative’ ratingsfall from 36.2% to 26.8% and 27.8%. Here, too, theresults
are markedly different than are found for the 2000 cohort.

11.3  g3: Thecohort srating of theimportance of teachingisinitially high (87.0% inthe*crucia”
and “important” categories), and reaches 100% in the third questionnaire at the end of the course. For
the whole cohort (see Table 11, Chart), the averages of responses increase somewhat.

114  g4: Thestudents rating of the importance of subject matter (in determining their attitudes
toward mathematics) in both percentages and averages of responses, risesinthe* crucia” category of
the scale across the three questionnaires.

11.5 @5: How the students rate their understanding of mathematics varies across the three
guestionnaires. The second questionnaire shows amarked decrease (in the percentages and averages)
in the “good” to “excellent” categories, and an increase in the “fair” to “poor” categories of
responses. The responses to the third questionnaire show an increase over the second, but are still
below theinitia values.

11.6 Conclusion: The students of the 2001 cohort show a different response than the previous
cohort to their experience of the mathematics course. More of them have positive initial attitudes
toward mathematics, which show a rise through the course. Fewer of them come to regard the
subject asmore difficult astheir personal attitudes become more positive. Their teacher dependence
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(their rating of the importance of teaching) increases markedly by the end of the course, while more
of them judge the subject matter of mathematics to be important in shaping their attitudes. Of 44
students (see Table 11A) who completed both Qu. 1 and Qu. 3, 14 rated their understanding of
mathematics as unchanged, 8 as greater, 21 as less at the end of the term, and 1 gave no opinion.
However, the correlation between the ratings of understanding in Qu. 3, at the end of the term, and
the students' final gradesin the Mathematics and Logic course remains high (.6455, see Table 11A).

-30-



Io.v -

sasuodsal salreuuonsanb solrewayle Jo sabeliane jo ey :TOOZ 1OY0D

sasuodsal jo abuel

£ alleuuonsanty O 7 alieuuonsan @ | 2Jeuuonsans @
# uonsanp
g t £ Z l

1 1 1 [l D_u_u
— 002
— 00
oo'g
oo's
- 000l

sasuodsay ‘saneuuonsanb ey :Lopz Hoyo)

9z 9z 9z 9z 9z feyep ou

¥S ¥S ¥S ¥S ¥S [e10)

0 0 0 0 0 N
[%68'7T] 8 0 0 [%60°€T] 2 | [%60°€T] 2 Z
[%9'62] 9T | [%9ale 0 [28'7T] 8 | [%629T] 6 v
[wTveleT| [ws 9Tl 6 0 [0 2€] 02 |2 0v] 22 9
o0zl TT | [962°€8] 62 [ [9e 9v] G2 | (%68 22] ST | (%t 02] TT 8
[T TT] 9 [[%T vzl €T [l esl 62| v 2y | [we6ls 0T

Gb b cb Zb b asuodsal

Z Wial ‘T JeaA ‘200z AN ‘'T00Z H0oy0D

aJreuuonsand piiyl o1 sasuodsay ‘salrewayrei\ ‘T00Z 1Moyod

1T 3749vl

6 9|ge.L Ul punoy s

T alreuuonsand o1 sasuodsal Jo uonnguIsIp auy ;310N «

19°S €6°. 106 ¥0'9 €6°S end)
€6'S GT'8 19'8 9’9 €6°S Zno
lT9 16/ GG'8 16'G €09 x INO
gb b cb Zb b

Salreuuonsanb yre uo sasuodsal Jo SBAe ‘erep 82i1nos

vz vz vz vz vZ [ferepou
9g 95 9g 95 9§ =101
[%8TIT | [wsTlT 0 0 0 N
[wyal € 0 [%8TIT | [wo€elz | [T 2]y z
[%0°52] vT 0 0 [wzezl eT]lwrTel 2T v
[%6zv] vz| [nsetl 2| [T 2] v 1% 0el LT][w6 2] e 9
[%6°2T] 0T |[967°99] 2€|[%z 8Y] 22|[%T z€] 8T [960°52] T 8
%T 2] v [[%9°6T] TT|[%66°2v] vz| [w2 0TI 9 | [%9€l 2 0T
gb b cb Zb b asuodsal

Z wia) ‘T JesA ‘200¢ YdJ4eN ‘T00C 11oyod

aJreuuonsand puodas 0] sasuodsay ‘sonewaylen ‘T00z 14oyod




TABLE 11A: Cohort 2001, Mathematics, Responses to g5 on Questionnaires 1, 2, 3,
for those students (44) who did at least two Questionnaires

Math Math Math 360-124 g5 responses
Research | Qu.1 | Qu.2 | Qu. 3 | Math/Logic compared in
Code g5 g5 g5 Grades Qu.1, Qu.3
7809 6 4 4 70 same
8083 6 4 6 65 14
8905 6 6 6 80 greater in Qu.3 =2 =4
9042 6 4 6 88 8 7 1
9179 8 6 6 93 less in Qu.3 =-2 =4 =-6
9316 N 4 6 80 21 15 5 1
9864 10 8 6 88
80967 8 2 4 95
109874 6 6 4 91 g5 responses
110011 4 6 4 77 compared in
110696 2 2 4 92 Qu.1, Qu.2
135630 6 4 6 65 same
181662 6 4 4 88 12
181936 8 4 6 83 greater in Qu.2 =2 =4
182073 10 6 8 85 7 6 1
182210 6 6 8 92 less in Qu.2 =-2 =-4 =-6
184128 6 8 4 25 24 14 7 3
184265 6 8 4 94
257012 6 6 6 88
257697 2 2 4 62 g5 responses
258108 4 2 4 82 compared in
258519 6 4 4 90 Qu.2, Qu.3
258930 6 8 6 74 same
259204 8 10 10 84 17
259341 6 4 4 70 greater in Qu.3 =2 =4 =6
259615 8 2 6 82 18 15 2 1
286741 6 6 6 70 less in Qu.3 =-2 =4
341815 6 4 6 88 9 7 2
342363 4 4 2 62
398807 6 2 6 94 Correlation between g5 of Qu.3 and final grades
399081 8 6 8 90 For those students (66) who completed the course: 0.6455
399218 10 4 4 96
399355 6 6 6 88
399492 8 6 4 88
498954 10 6 6 93
534574 6 8 8 96
534848 6 6 6 30 dnd = did not do the questionnaire
534985 6 2 8 35
535122 6 10 10 92 N = no opinion
535259 6 6 8 93
535670 6 6 4 60
674040 6 2 4 60
689932 8 4 4 dnd
695001 10 8 8 88
44 44 44 44
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12. Cohort 2001, Mid and End Term Science questionnaire results

Please see Table 12 and 12A, below. These questionnaires were administered in the mid-term and at
the end of the cohort’s course, Science: History and Methods. Since the number of responding
students varied in each of the questionnaires (1, 2 and 3), the comparisons made below are with
respect to percentages.

121 ql: comparedtotheirinitial rating, fewer of the cohort cometo regard science aseither easy
or very easy during their science course. The significant drop occurs among students who initialy
rated science as easy (from 26.1%1t0 6.1%% to 11.3%). Inthe“very easy” category, thereisalmost no
change (from 2.9% to 2.0% to 1.9%).

12.2  g2: cohort ratings of personal attitudes to science show changes acrossthe 3 questionnaires:
they become less positive in mid term, and rise dightly above initial values at the end of the term.
These changes in the “positive” to “very positive’ response ranges are from 46.4% to 34.7% to
49.0%, and are thus markedly different from the responses given by cohort 2000.

12.3  g3: cohort ratings of theimportance of teaching in determining attitudes stay almost entirely
in the “important” to “crucial” range across the questionnaires, reaching 100% at the end of the
course. These responses are similar to those obtained for mathematics for the same cohort.

124 g4 students ratings of theimportance of subject matter risefromaninitial 81.1% to 91.8%,
then fall slightly to 90.6%.

125 g5: cohort ratings of understanding of science fall (from an initial 69.5% in the “good” to
“excellent” categories) at mid term (51.0%), and rise to 62.3% at the end of the course.

12.6  Conclusion: cohort 2001 issimilar to the previous cohort in regarding their college science
as somewhat more difficult than their high school experience of science. However, the 2001 cohort
shows aglight improvement in their personal attitude towards the subject, while the previous cohort
rated their personal attitudestoward it as somewhat more negative. The 2001 cohort display adrop at
mid-term and a small increase at end term in their rating of their understanding of the aims and
methods of science. Of the 44 students (see Table 12A) who compl eted both Questionnaires 1 and 3,
20 rated their understanding of science asthe same, 9 asgreater, 15 aslessat the end of theterm. The
explanation for these resultsislikely identical to that proposed for the 2000 cohort (see 9.5, above).

12.6.1 The correlation between the 2001 cohort’ s rating of their understanding and their
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final gradesintheir science courseisvery weak and negative (-0.1010: see Table 12A). Thisresultis
similar to the very weak anal ogous correlation found for sciencein the 2000 cohort. By contrast, the

two analogous correlations for the 2000 and 2001 cohortsin mathematics are strong and positive (see
11.6, above).
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Table 12A: Cohort 2001, Science, Responses to q5 on Questionnaires 1, 2, 3.
for those students who (44) who took at least 2 Questionnaires
Note: g10 of Qu.1 is the same as g5 in Qu.2 and Qu.3

Science | Science | Science | 360-125 g5 responses
Research | Qu.1 Qu.2 Qu. 3 |Hist. of Sci. compared in
Code g10 g5 g5 Grades Qu.1, Qu.3
7809 6 4 4 81 same
8083 6 4 6 80 20
8905 6 6 6 85 greater in Qu.3 =2 =4 =6
9042 6 4 6 91 9 6 2 1
9179 6 6 6 90 less in Qu.3 =-2 =-4
9316 6 4 6 90 15 9 6
9864 8 8 6 82
80967 4 2 4 87
109874 4 6 4 87 g5 responses
110011 4 6 4 90 compared in
110696 4 2 4 81 Qu.1, Qu.2
135630 8 4 6 78 same
181662 6 4 4 87 14
181936 10 4 6 82 greater in Qu.2 =2 =4 =6
182073 10 6 8 85 7 3 3 1
182210 2 6 8 86 less in Qu.2 =-2 =-4 =-6
184128 2 8 4 42 23 16 6 1
184265 8 8 4 72
257012 6 6 6 84
257697 2 2 4 66 g5 responses
258108 4 2 4 86 compared in
258519 4 4 4 87 Qu.2, Qu.3
258930 8 8 6 75 same
259204 8 10 10 20 17
259341 8 4 4 82 greater in Qu.3 = =4 =6
259615 4 2 6 80 18 15 2 1
286741 6 6 6 85 less in Qu.3 =-2 =-4
341815 6 4 6 80 9 7 2
342363 4 4 2 72
398807 4 2 6 93
399081 8 6 8 88
399218 8 4 4 93
399355 6 6 6 91
399492 8 6 4 91 Correlation between g5 of Qu.3 and final grades
498954 6 6 6 86 For those students (56) who completed the course: 0.1010
534574 4 8 8 92
534848 6 6 6 60
534985 6 2 8 19
535122 6 10 10 87
535259 8 6 8 86
535670 6 6 4 71
674040 4 2 4 71
689932 8 4 4 87
695001 10 8 8 88
44 44 44 44
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13.  Teachers Comments

One of the aspects of our research is that we served both as teachers and researchersin this project.
Our research protocol (see above, section 4.3) made it possible for us to do this by preserving the
anonymity of the students who answered the questionnaires. There was no chance that their
responses on the questionnaires could influence their grades or affect our opinion of them.

13.1 Principles of Mathematics and Logic (360-124-94; 3 hours class, 2 hours lab per week)
In informal conversation throughout the course, students said that [what might be termed] the
‘calculative' aspect of mathematics was most significant in producing their negative attitude toward
the subject. Since their view of the subject, especially at the onset, was that mathematics was
essentially about quantity as expressed via number, their dislike of having to manipulate numbers
was, they thought, what made them dislike mathematics.

13.2 One of the main goals of the course is to argue that, from the point of view of the
professional mathematician, calculating, per se, isnot at the heart of mathematics. Instead, aview is
presented that the central task of mathematicsis to produce proofs, where proofs are defined as a
type of valid deductive argument. (See above, sections 3.5 - 3.7 for adiscussion of the course.) Inall
three cohorts taught in this way during the research period, the students were able to negotiate the
material of the course successfully, as measured by their grades (see above, Tables 7A, 11A and
16A) and their understanding expressed during class.

13.3 However, two facts must also be mentioned in this regard:

13.3.1 With some individual exceptions, students' negative attitudes towards the subject
were not improved by their experience in the course, despite their relatively good results.

13.3.2 Despitetheir claimsthat it was cal cul ation and manipul ation of numbersand formulae
that was the basis of their negative attitudes, they were quite comfortable during the parts of the
courseinwhich calcul ation was necessary, even in subjectswith which they were not familiar, such
asmatrix algebra.

13.3.3 If the students are mistaken about what it isin mathematicsthat is of f-putting to them,
i.e. calculation, then what is it about the subject that truly is the basis of their negative attitude?
Teaching experiencein the course suggests that the students’ basic difficulty iswith argument and
abstraction rather than calculation.

134  Argument: The idea of an argument is difficult for many students because it involves
rel ationships between multiple statements that are not narrative but rather logical in nature. Itisthis

-46-



type of relationship between statementsin an argument that makesit complicated in waysfor which
many students are neither technically nor psychologically prepared.

13.5 Abstraction: Throughout the course many students had difficulty in recognizing what might
be called the underlying general or abstract structure of an argument or of amathematical expression.
Without a grasp of such structures and their relationship to particular cases, both mathematics and
logic become opague and seem trivial and a type of drudgery. It is precisely the demonstration of
genera clamsthat provide mathematics and logic with their lucidity, cogency, power and beauity.

Example:

Most of the students remembered, although perhaps without much enthusiasm, the part of
high school mathematics devoted to factoring quadratic equations. They learned what might be
termed rules of thumb so that they could arrive at the following results:

a x*-9=(x-3)(x+3
b) x*-8x+15=(x-5)(x -3
C) x*+2x-48 =(x +8)(x —6)

Many students informally expressed their boredom with having had to do an interminable
number of such examples. However, they seemed to be even moreresistant to the introduction of the
guadratic formula, which provides solutions for all quadratic equations, as follows:

-b++/b* —4ac

If ax’* +bx+c =0, then x=
2a

Many of the students did not recognize that the quadratic formulais to quadratic equations
what the general structure of an argument isto itsinstances. These studentsfound it difficult to see
that solving the general case solves the infinite number of particular cases which share the form.

13.6 Science: History and Methods (360-125-94; 3 hours class, 2 hours lab/week)

The science course (see sections 3.9 — 3.11) is given by two faculty members, working as partners.
Theweekly 3 hours of classes, taken by an historian, deal with the historical development of modern
science from the early 16™ to the 20™ century. The 2 hour Iaboratory period each week, supervised
and conducted by a physicist, has students do (or in afew labs, watch) experimental exercises that
demonstrate the meaning and application of key concepts, theories and procedures or methods of
particular sciences, mainly astronomy, optics, cell biology and physics. Both teachersattend and give
the classes and laboratory exercises, conduct discussions and answer questions.
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13.7  All the students have had abasic high school science course; yet almost all of thediscoveries,
concepts and theoriesintroduced in thisHistory of Science course appear new to them, and for many
students disturbing as well. Class discussions show that the main source of disturbance is the
students= own realization that their accustomed, common sense views of many everyday phenomena
(e.g. sunrise, projectile motion, heart function) are either in large part uninvestigated, or superficial,
or mistaken, or simply false. Their general successin research papers, |aboratory reports, and testsin
the course showsthat they do correct their misunderstandings, and do grasp many essential concepts
and theories of modern sciences; the historical approach taken in the course does help to clarify and
explain these ideas to them. But many students= unease or aversion to science remains, or even
increases, and some are convinced that they understand science less at the end of the course than at
the beginning. Thus understanding the detail of atheory in science or of itsdevelopment isfor many
students not the same as understanding science.

13.8 Oneinfluencing factor revealed by classand informal discussionsisthat afew studentswho
have had to abandon their accustomed opinions or estimation of what science is and does, find the
new picture of science - however truthful it may be - more inimical or intimidating than what they
had believed about science before. That science >has no room for feelings=, that scienceisfirmly
focused upon the phenomenait studies, and makes every effort to dissociate those phenomenafrom
human beliefsand attributes - in short, that science avoids anthropomorphism - countsasarepelling
feature of science for some students.

13.9 However, most studentswho keep their dislike of science, nonethelessadmirein sciencethe
guest for a form of objectivity, and reject the view that science is insufficiently >touchy-feely=.
Their complaintsraise abasic difficulty. In order to give an account of physical phenomenabeyond
obvious ordinary language descriptions, some abstraction isrequired: either inideas, i.e., theoretica
abstractions strictly defined, or in symbolic terms that are manipulated by logical or mathematical
procedures, and usually both. Furthermore, the abstractions can have a hierarchy of levels. It isthe
use of such abstractions - to apply them in explanation of particular, especialy unfamiliar cases, or to
combine them with components of another theory - that poses the greatest difficulty for many of
these students. The core of the difficulty seemsto be not what the studentsidentify - the compl exity
of scientific theories. students are well able to explain theories of science cogently and in some
detail. Rather, the problem seemsto be the students= hesitancy or confusion faced with the logical
exercise of matching the general theoretical claims (which they do grasp) toinstances of thoseclaims
(which may be unfamiliar to them). Thus, for example, the student who can give an excellent
account of Einstein=stheory of light as composed of photons, and of Snell=slaw of refraction, finds
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it difficult to explain (using the idea of photons and Snell=s law) how alens appropriately held in
sunlight can produce combustion in apiece of paper. It may be noted, too, that for many studentsthis
difficulty is discipline-specific; the student who finds the above example difficult, may be able to
explain easily an analogous problem in biology involving evol utionary theory and continental drift.

13.10 In both the Mathematics and the Science courses, there are students (their number differs
somewhat from cohort to cohort) who have none of thedifficultiesidentified in the above comments.
These students take easily to the use of abstraction and argument in the courses and express
appreciation for the importance of these concepts and for the fact that they are basic to the courses.
(See Genera Conclusions, Section 14, below.)

13.11 Conclusionsfrom teachers comments:

13.11.1 In both courses independently of each other, the researchers identified the same
difficulties experienced by students, namely, the application and use of abstraction and logical
argument.

13.11.2 Both the experience of teaching and the results of the research support the
conclusion that students’ attitudes to mathematics and science are formed well before they reach
their first year of Cegep studies. [Please see Recommendations, Section 15]

14.  General Conclusions

14.1 By al measures, the students involved in this study are successful students. Most of them
take and pass the mathematics courses required for admission to Cegep science. However, just over
half of them take the science courses required for admission to science. Also, the students' high
school mathemati cs averages arelower than their general averages. Whiletheir scienceaveragesare
closeto their general averages, the only science course half of them takeisthe minimum requirement
for graduation. Thisisinsufficient for admission to Cegep science. In addition, the students who do
qualify for Cegep science evidently do not apply that program.

14.2  Thisresult showstwo things: that most of the students decide not to pursue science beyond
high school (or evenin high school) intheir earlier high school yearsor before; and that (given their
simultaneous pursuit of qualificationsin mathematics) they take adifferent view of mathematicsthan
of science, at least in high school. Further, avery few students attempt any more mathematicswhile
in Cegep. The anecdotal evidence of students, teachers and college academic advisers is that the
students consider mathematics as being a subject that might be useful in many career paths,; while
they consider science asacareer path or vocation initself, and have definitely excluded it asachoice
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for themselves. The students' asymmetry of attitudes consistsin seeing mathematics asinstrumental
in several groups of fields, while they see science itself as such a group.

14.3 Theabove conclusion, suggesting animportant difference between students’ attitudestoward
mathematics and science, is supported by the analysis of questionnaire results. The students’ rating
of their understanding of the aims and methods of mathematics is highly correlated with their
respective gradesin the Mathematics/Logic coursein all three cohorts (see Appendix 3 for the 2002
Cohort results and the chart of correlations below). By contrast, the students' analogous rating in
science (in thetwo experimental cohorts) islargely independent of how well they do in their Cegep
Science course. This result for science shows the same pattern as the students' attitudes in high
school for both cohorts: in high school, as well, the correlations between students’ attitudes and
grades are higher for mathematicsthan for science. It may benoted that these correl ationsfor science
arein most cases weak.

Chart of correlations of responses to g5 of QU3 with Final Grades, All Cohorts

cohort cohort cohort

2000 2001 2002
Correl. g5/QU3: Math grades 0.6670 0.6455 0.5723
Correl. g5/QU3: Sci. grades 0.1055 -0.1010

g5: rating of present understanding of aims and methods of Mathematics, Science in QU.3
at the end of the course

14.3.1 Theresult givenin 14.3, above, coheres with the observations stated in teachers
comments (section 13, above) regarding the students' different conceptions of mathematics and
science. The result illustrates the strength of students’ decision not to pursue science in their
studies.

14.4  Inboth mathematicsand scienceit isgenerally true that the student cohorts, measured by the
averages of their responses, show no significant improvement of attitudestoward either subject asa
result of their required college courses, even though they do well in both. One cohort shows a
statistically significant declinein their assessment of their understanding of the aimsand methods of
science.

145 The main difference between the experimental cohorts relates to mathematics: it residesin
their respective assessments of their understanding of the aims and methods of mathematics at the
end of the mathematics/logic course. In cohort 2000, responses showed a sense of improved
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understanding, whereas in cohort 2001 the anal ogous responses showed a decline. In cohort 2002
this decline was even more marked and forms part of a pattern of decline from initial valuesin the
responses to most questions. It should be added, however, that studentsin al of the cohortsdid well
in the mathematics and logic course.

14.6  Notwithstanding declines (or rises) in average responses across the questionnaires, in every
cohort there are individuals whose attitudes toward mathematics and science either show marked
improvement over their initial opinions during and after the mathematics/logic course and the
science course, or show no change from relatively positive initial opinions.

The following table shows the number of students in each cohort who reported improved attitudes
(question 2) to mathematics and science at the end of their respective courses. In all cohorts, except
for cohort 2001, mathematics, students with improved attitudes to mathematics or science did not.
On the average, have higher grades than those whose attitudes remained the same or showed a
decline. In the case of the exception, those with an improved attitude had, on the average, fina
grades in mathematics 10% higher than other students in the class (86% v. 76%).

Note: n represents the number of studentsin each cohort who responded to both
Questionnaires 1 and 3.

cohort Mathematics Science
n= g2 improved n= g2 improved
2000 47 15 [31.9%)] 36 8 [22.2%)]
2001 49 8[16.3%] 48 17 [35.4%]
2002 56 11 [19.7%)]

14.7 It may beaddedthat in all experimental cohortsthe students’ generally good performance (as
measured by their grades) suggests that they did grasp and were able to articul ate the conception of
mathematics and science presented in their respective courses.

15.  Recommendations

15.1 Theresultsof thisproject clearly indicatethat studentsinall of the experimental cohortshave
arrived at their views of mathematics and science and attitudes towards those subjects well before
their graduation from high school. This suggests that a detailed analysis of high school students

views and attitudeswould be instrumental in determining when, and for what reasons, their ideasare
formed. The authors of this study will be undertaking such an analysisthrough their participationin
the 2003 FQRSC (Fonds Québecois de la Recherche sur la Société et la Culture) research project,

-51-




“A Study of the factors influencing success and perseverance in careers in science of CEGEP
students”, primary researcher, Steven Rosenfield, Vanier College.

15.2 Theteachers comments (see Section 13, above) point to one particular type of difficulty that
students encounter in the Liberal Arts mathematics and science courses:. the difficulty involvesthe
use of abstraction in argument, especially when the abstractions arein symbolic form, and when the
students are asked to proceed from general forms of arguments to particular instances, and vice
versa. It would seem reasonable to suggest, therefore, that the students should be exposed to the
study of symbolic argument (formal logic) integrated with their training in mathematics and science
early in their high school years. This suggestion envisagesthat part of the students' training in high
school mathematics would be devoted to explicating the nature of the subject as a system of
argumentation designed to demonstrate general truths; and that students' high school sciencetraining
would include some emphasis on the logical structure of scientific theories and their relation to
empirical test.
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Appendix 1: instructionsto students
Samples of instructions to students for completion of Math and Science questionnaires

Instructions for the administration of the Liberal Arts questionnaire to first term students. Sept. 2001

Please read the following instructions to the class:

This questionnaire is part of athree year research project at Dawson College that
investigates the teaching and |earning of mathematics and science in the Liberal Arts program.

The researchers are Ken Milkman and Aaron Krishtalka. | am ..., acting as research
assistant in this project.

This questionnaire tries to find out the attitudes of first semester Liberal Arts students
towards mathematics and science as subjects that they have experienced in High School Sec. IV
and Sec. V.

Anonymity of responses is an important feature of this research project. All the
information collected in this research project and in this questionnaire is treated anonymously.
That is, the anonymity of responding students is guaranteed by the method of analyzing the
students= responses. This method ensures that students= names or other identifying clues (such
as handwriting) cannot be associated with student responses.

The method is as follows:

Students write the last four digits of their respective student numbers on the blank first
page of the questionnaire.

| will encode this number to transform it into a different larger number in away unknown
to the two researchers. This alows anonymous data tracking.

I will place the new encoded number on the second page of the questionnaire, discard
and shred the blank first page, and give the second page to the researchers.

Are there any questions?
Please write the last four digits of your student number on the blank first page of the
guestionnaire.

Then answer the questions on the second page by circling the appropriate response.
When you are finished, please hand the completed questionnaire - both pages - to me.
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Appendix 1, continued

Instructions for the Science questionnaire for second term Liberal Arts students. (December 2001)

Please read the following instructions to the class:

| am...

This is the second questionnaire that you have been asked to respond to in this course. This
guestionnaire, like the previous ones, is part of a three year research project here at Dawson that
investigates the teaching and learning of science and mathematicsin the Liberal Arts program.

The researchers are Ken Milkman and Aaron Krishtalka. | am acting as research assistant in this
project.

This second questionnaire, too, looks at the attitudes of Liberal Arts students towards science asa
subject, at the end of the third semester. The questions ask for responses based on your experience of
science in the Liberal Arts course, Science: History and Methods, 360-125-94.

Anonymity of responses is an important feature of this research project. All the information
collected in this research project and in this questionnaire is treated anonymously. That is, the
anonymity of responding studentsis guaranteed by the method of analyzing the students= responses.
Thismethod ensuresthat students= names or other identifying clues (such as handwriting) cannot be
associated with student responses.

The method is as follows:

Studentswritethelast four digits of their respective student numbers on thetop of the questionnaire.
| will encode this number to transform it into adifferent larger number in away unknown to thetwo
researchers. This allows anonymous data tracking.

| will place the new encoded number on the questionnaire, shred thetop portion, and give therest of
the questionnaire page to the researchers.

Are there any questions?

Please write the last four digits of your student number in the space provided at the top of the
guestionnaire.

Then answer the questions by circling the appropriate response.

When you are finished, please hand the completed questionnaire to me. Thank you for
participating in this project.



Appendix 2: Sample questionnaires

M athemati cs/Science Attitude Questionnaire October 2000
In each of the following questions, please circle one of the responses provided in the
scale below the question.
Please base your responses on your experience of mathematics and science (general
science, physics, chemistry, biology) in Sec. IV and Sec. V.

1. How do you regard mathematics as a subject?
very easy easy average difficult very difficultno opinion

N

. What isyour personal attitude toward the subject of mathematics?
very positive positive neutral negative very negative no opinion

w

. How do you rate teaching as a factor in determining your attitude toward mathematics?
crucia important neutral not important negligible no opinion

4. How do you ratethe natureand content of mathematics as a factor in determining your
attitude toward this subject?
crucial important neutral not important negligible no opinion

ol

. How do you rate your present under standing of the nature of mathematics as a subject?
excellent very good good fair poor  no opinion

6. How do you regard science as a subject?
very easy easy average difficult very difficult no opinion

\'

. What isyour personal attitude toward the subject of science?
very positive positive neutral negative very negative no opinion

0o

. How do you rate teaching as a factor in determining your attitude toward the sciences?
crucial important neutral not important negligible No opinion

©

. How do you ratethe nature and content of the sciences as a factor in determining your
attitude toward these subjects?
crucia important neutral not important negligible no opinion

10. How doyou rate your present under standing of the nature of science as a subject?
excellent very good good fair poor no opinion
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Appendix 2, continued
Write the last four digits of your student number:

Mathematics Attitude Questionnaire Mid Term March 2001

In each of the following questions, please circle one of the responses provided in the
scale below the question.

Please base your responses on your experience of mathematics in the Liberal Arts
course, Principles of Mathematics and Logic, 360-124-94.

1. How do you regard mathematics as a subject?
very easy easy average difficult very difficult no opinion

2. What isyour personal attitudetoward the subject of mathematics?
very positive positive neutral negative very negative no opinion

3. How doyou rate TEACHING as a factor in determining your attitude toward
mathematics?
crucial important neutral not important negligible no opinion

4. How doyou rate SUBJECT MATTER asafactor in determining your attitudetoward
mathematics?
crucia important neutral not important negligible no opinion

5. How doyou rate your present understanding of the aims and methods of mathematics?
excellent very good good fair poor no opinion

6. How many other college mathematics cour ses are you taking or have you taken at
Dawson or elsewhere? 0 1 2 3
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Appendix 2, continued
Werite the last four digits of your student number:

December 2001
Attitudes to Science Questionnaire, End of Term

In each of the following questions, please circle one of the responses
provided in the scale below the question.

Please base your responses on your experience of science in the Liberal
Arts course, Science: History and Methods, 360-125-94.

1. How do you regard science as a subject?
very easy easy average difficult very difficult No opinion

2. What is your personal attitude toward the subject of science?
very positive positive neutral negative very negative no opinion

3. How do you rate TEACHING as a factor in determining your attitude toward
science?
crucial important neutral not important negligible no opinion

4. How do you rate SUBJECT MATTER as a factor in determining your attitude toward
science?
crucial important neutral not important negligible no opinion

5. How do you rate your present understanding of the aims and methods of science?
excellent very good good fair poor no opinion

6. How many other college science courses are you taking or have you taken at
Dawson or elsewhere? 0 1 2 3
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APPENDI X 3: Cohort 2002, M athematics Responses

The inclusion of this cohort is an addition to the scope of the original research proposal, and was
made possible by the fact that the Mathematics/Logic course is given in the Winter semester.

1. Portrait Data

1.1 A higher percentage (7) failed math 436 in this cohort (2002) than failed (1.5) in Cohort 2000
and cohort 2001. A lower percentage (7.04), by aimost half or more got A in this cohort than did in
cohort 2000 and 2001. (Conclusions based on Column Csin portrait tables.)

12 A lower percentage in cohort 2002 scored 90 or better in math 536 than did in either cohort
2000 or 2001.

1.3  The portrait data show that this cohort is very similar to the other 2 cohorts in their high
school math performance, except at the highest and lowest level of achievement. In this cohort, a
lesser percentage of students scored above 90% and higher percentage studentsfailed. Their genera
averages and their aggregate math averages are comparable.

2. First Attitudinal Questionnaire
2.1 g1: no significant differences, as compared with both 2000 and 2001.

g2: this cohort reports a higher percentage of responses in the upper ranges for persona as
compared to both 2000 and 2001.

g3: no significant differences, as compared with both 2000 and 2001.

g4 the rating of theimportance of subject matter for this cohort is shifted somewhat toward the
center of the scale (i.e. they think subject matter islessimportant) as compared with both 2000 and
2001.

g5: This cohort rates their present understanding of math higher than both the 2000 cohort, and
the 2001 cohort, as measured by the sum of the two top response categories. This suggeststhat they
are more confident than previous cohorts of their understanding of the aims and methods of
mathematics. The distribution of the students average responses, organized in centiles of their high
school math averages, shows a similar pattern, especially in the comparison with the 2000 cohort
(see Table 14).

2.2 The correlational analysis of responses of cohort 2002 to the mathematics section of the first
attitudinal questionnaire (see Table 15) shows the same pattern as that of the 2000 and the 2001
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cohorts (see Tables 6 and 10). Significant positive correlations are found between gl [‘ opinion of
mathematics as a subject’] and g2 [‘attitude to the subject’]; between g1 and g5 [‘present
understanding of the aims and methods of mathematics']; and between g2 and g5.

2.3  Thecorrelations between high school math averages and responsesto gl...g5 aresimilar in
all three cohorts except for g2 and g5. For g2, the correlation for cohort 2002 is weaker than for
cohort 2000 but is almost identical to that of cohort 2001. For g5, the cohort 2002 correlation is
weaker than those of cohorts 2000 and 2001. This would suggest that the confidence shown by
cohort 2002 in their understanding of mathematics is less strongly linked to their performance in
High School mathematics than in the other cohorts.

2.4  Cohort 2002 is similar to the previous cohorts. Their confidence in their understanding of
math ishigh, but it does not seem to be linked with their successin the subject as measured by their
high school grades. However, at Cegep their performancein the mathematics/logic course shows a
high correlation with their rating (at the end of the course) of their understanding of the aims and
methods of mathematics.

3. Second and third attitudinal questionnaire, cohort 2002.

3.1  Theresponsesof cohort 2002 to g1, g2, g3 and g5 (see Table 16) show adeclinefrominitial
values. This decline is different than the pattern in cohort 2000 (see Table 7), in which responses
showed a general rise from initial values by the end of the math/logic course; and different again
from the cohort 2001 pattern (see Table 11), which showed some declines (g5) and somerises (g3).
For g4 (rating of importance of subject matter in determining attitudes) there was arisefrominitial
valuesin al three cohorts.

3.2 Incohort 2000 and 2001 (see Tables 7A and 12A) the correlation between g5 [*rating of
present understanding of the aims and methods of mathematics'] in the final questionnaire and
students final grades in the math/logic course is strongly positive. The analogous correlation for
cohort 2002 (see Table 16A) is also strongly positive.
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Math | Math | Math 360-124 g5 responses
TABLE 16A: Cohort 2002,
Research [ Qu.1 | Qu.2 | Qu.3| Math/Logic compared in Mathematics,
Code g5 g5 g5 Grades Qu.1, Qu.3 Responses to g5 on Qu.1, Qu.2, Qu.3
34798 4 6 4 80 same
106586 4 4 4 81 18
106723 6 dnd 4 87 greater in Qu.3 =2 =4
106860 8 2 6 76 10 9 1
106997 6 6 6 96 less in Qu.3 =-2 =-4
107134 2 2 4 81 28 18 10
107271 4 2 2 60
107682 4 6 4 80
108093 6 6 4 65 g5 responses
108641 6 6 4 66 compared in
108778 6 6 4 90 Qu.1, Qu.2
108915 6 2 2 67 same
109052 6 dnd 6 98 18
109326 8 10 10 94 greater in Qu. 2 =2 =4 =6
147001 2 8 6 90 8 7 0 1
164537 4 4 4 85 lessin Qu. 2 =-2 =-4 =-6
164674 8 6 6 74 15 13 1 1
206870 dnd 2 4 75
406205 6 4 6 83
406479 2 2 2 63 g5 responses
407027 8 dnd 6 71 compared in
407164 4 4 6 61 Qu.2, Qu.3
407301 8 8 4 94 same
407438 6 dnd 4 64 21
407575 6 dnd 2 i greater in Qu.3 =2 =4
408397 6 dnd 4 90 10 8 2
410041 6 6 6 87 less in Qu.3 =-2 =-4
410589 8 dnd 4 74 14 12 2
458128 8 dnd 4 78
476897 6 6 6 92 Corr. between g5 of Qu.3 and final Math grades: 0.5723
497173 6 6 8 88
497310 6 dnd 2 30
497584 6 6 4 60
497721 8 8 8 83
498269 dnd 6 4 80
498817 8 dnd 8 86
498954 6 8 6 81 dnd = did not do the questionnaire
500598 8 6 6 88
501420 8 dnd 4 84
501831 8 8 8 84
501968 6 4 4 79
502379 6 4 4 87
503749 4 2 4 64
504023 4 6 6 73
504297 4 4 6 90
504434 4 2 2 60
504708 4 2 2 60
534574 6 6 6 85
534711 6 4 4 74
534848 6 4 6 96
535396 8 10 8 94
535670 8 6 4 98
535807 8 dnd 4 70
536081 6 dnd 4 82
536218 4 dnd 6 80
537040 6 8 8 90
537177 8 6 10 92 -64-
537588 10 dnd 6 86
562248 dnd 6 4 60
689932 dnd 8 4 78
60 60 60 60




APPENDIX 4 Description of Statistical Procedures

1-

In this analysis, we are examining the effect of how mathematics and science are taught in the
Liberal Arts program might affect various aspects of the attitudes that students in the program
have toward these subjects. For the questions g1 through g5 on all 3 questionnaires (equivalent
10 g6 - 10 for science on thefirst questionnaire), we have regarded the students who answered
each questionnaire as a random sample from the cohort being tested. This is justified since
students answered the questionnaire voluntarily, and the factors which influenced their
availability, e.g. illness, work schedule, etc., were uncontrollable and unpredictable.

Under these conditions, in order to test the null hypothesis that the course had no effect on the
students attitudes toward mathematics, i.e. that 14 = (,, 1, = ls, 14 = 14, for the relevant cohort

and questionnaires, if the population is normally distributed or if n, +n, >30 asisawaysthe
case here, the random variable Z KX where Z and X_2 are the appropriate
o’ o,
1 4y -2
n n
observed averages to responses to the various questions and sample variances are used to
estimate the unknown population variances, is approximately normally distributed with mean

2 2

M = =0 and standard deviation - — 9 +-2_ g,
X=X .
n nz

In order to give a 95% confidenceinterval for o, the unknown correlation coefficient between

answers to g3 on Qu.3 for al 3 mathematics cohorts and the final grade in the mathematics
course, we proceeded as follows. If we let r be the sample correlation coefficient, then

Z -—I (1 ] 11513Iog10(1+ ]IS approximately normally distributed with mean and
-r

" : 1 (1+p 1+p 1
standard deviation given b ==In| —= |=1.1513lo —r |, g,=———, where
g y luz 2 (1_10] glo[l_p] z /n_3

n represents the relevant sample size.

A 95% confidence interval for 1, can be used to generate a 95% interval for o, whereit can
be shown that thisinterval (a,b) isgiven by

(1 1513lo g{ } 1.960,,1. 1513I0g{ }+1 960 J
-r -r

If (a, b) mark the 95% confidence interval for 4, then it can be shown that the corresponding
b

101.1213 -1 10@ -1
a ! b

1+1011513 1 +1(QL1513
below, for the relevant calculations of the confidence intervals.

confidence interval for p isgiven by . See the Statistical Analysis,
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APPENDIX 5: Course Descriptions and Program Outline

Course Description, Winter 2002

Principles of Mathematics and Logic (Liberal Arts Program): 360-124-94

0-

1-

3-

Instructor: Ken Milkman, 5D-3, local 1567

The pur pose of this courseis to introduce students in the Liberal Arts program to the
nature of mathematics from the point of view of the professional mathematician. We
will not only describe what the professional mathematician does, but actually engage
in this kind of activity within the limits of the background of the students and the time

constraints of the course.

The course will consist of two sections. the regular classroom component (3 hours)
and alaboratory component (two hours.)

A-

In the regular classroom component we will begin with aunit in Logic, in which
we will discuss the following cluster of concepts: argument, deductive argument,
valid deductive argument, invalid deductive argument, sound deductive argument,
inductive argument, good inductive argument, bad inductive argument. After
claiming that the essential project of the professional mathematician isto produce
proofs, we will discuss what a mathematical proof is, and identify a central
version of thisideaas akind of valid deductive argument set up in a context
called an axiom system. We will give examples of such systems, starting with an
axiomatization of the natural numbers and elementary algebra, and either
Euclidean or non-Euclidean geometry, astime permits. Aswell, if time alows,
we will ask what place inductive reasoning has in mathematics, and take up, in
thisregard, elementary set theory, elementary probability theory, some descriptive
statistics, and statistical inference.

In the laboratory component we will develop the concepts of logic taken up in the
beginning of the course and discuss truth-functional logic and truth tables, truth-
functional logic and natural deduction systems and, if time permits, some aspects
of predicate logic.

A lecture/discussion method will be employed. It will be important for the student to
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keep up with the classroom material, and to do the homework on time. Aswell,
students will be encouraged to display proofs they have created in class.

Grading scheme: There will be three in class exams given in the classroom
component of the course, worth (cumulatively) 80% of the grade. The other 20% of
the grade will be afunction of assignments given in the laboratory component of the
class.

Text: Principles of Mathematics and Logic, by Ken Milkman. Available in the
bookstore.

College policies on lateness to class and plagiarism will be adhered to in this course.
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Appendix 5, continued

P. Simpson, Rm. 7B.21 LIBERAL ARTS, FALL 2001 A. Krishtalka, Rm. 5D.3
931-8731 ext. 1771 SCIENCE: HISTORY AND METHODS 931-8731 ext. 1566
psimpson@dawsoncollege.qc.ca COURSE OUTLINE akrishtalka@dawsoncollege.qc.ca

Scope and purpose: In this survey of the history and methodology of modern science we travel
from the fifteenth to the twentieth century, from late medieval science and the corresponding, largely
ancient Greek, picture of the world, to the development of the modern sciences, and the ideas and
discoveries, disciplines and techniques, personalities and problemsthat distinguish them. Our main
purposeisto understand how and why science has become the chief modern conception, method and
model of knowledge, and what that conception is.

Aimsand method: The course has severa aims. to see how modern science came to have its
structure of distinct, yet connected, disciplines; to understand the main ideas or conceptions of
knowledge that drive science; to get familiar with major concepts, theories, and discoveriesthat are
fundamental to science; to gain by the example of laboratory exercises an accurate grasp of the sort
of work scientists do and the sort of challenges they face; to recognize the historical context -
political, social, intellectual - in which science grew and which it increasingly helped shape; and
within that context to become familiar with thework and lives of individualsand ingtitutionsthat are
important to science and its history. Of basic importance to these aimsisthe scientific revol ution of
the sixteenth and seventeenth century, and the subsequent devel opment of our major physical and life
sciences, branched into specialities.

The course proceeds in two main ways: by lectures and discussions in the class periods (3
hours\week); and by experimental or observational practice or by demonstrations or discussionson
assigned reading in the laboratory periods (2 hours\week).

Officehours: A. Krishtalka: Wed., Thurs. 11:30 - 12:45 or at other times by appointment or drop-in.
P. Simpson: to be announced in class.

Textbook: Peter Whitfield. Landmarks in Western Science: from pre-history to the atomic age.
Routledge, New Y ork 1999. (Available in the Dawson Bookstore)

Requirements and grading: two research term papers each 20%... 40%
two tests, in class, mid and end term each 20%...  40%
laboratory exercises and assignments 20%

Theterm paper topicswill be distributed and discussed in classin the second week of theterm. They
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involve research into the life, work and contribution to science of an individual scientist.

Thefirst term paper is due on Monday, 24 September; the second, on Monday, 5 November
2001.

The mid-term test is scheduled for Tuesday and Wednesday, 9 and 10 October 2001.

The final test is scheduled for Monday, 10 December 2001.

Attendance and coursediscipline: Regular attendance in classes and labs is integral to the
enterprise of being a student, isimportant for an understanding of the material of thiscourse, andis
its own reward. There is no credit for attendance. Occasional absences may be unavoidable, but
repeated or prolonged non-attendance are noted, and may lead to failure in the course.

The required assignments must be handed in on time, and the tests must be written in the
scheduled times.

All course outlines draw students' attention to the College regulations on the dread duo,
cheating and plagiarism. Thisand every coursein the Liberal Arts program faithfully observe these
regulations. All the assignments (other than group work) must be the individual student's own
composition; term papers must acknowledge all consulted sources in a bibliography, and all
borrowing of information, whether paraphrased, cited, or quoted, in proper foot or end notes.
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APPENDIX 5, continued
Liberal Arts Program and Abilities May 2001

All college programs emphasize among other things the abilities (or compétences) which
students acquire as they master the subject matter of their courses. Attention to abilities is an
ancient, traditional, essential and inescapable aspect of education. In the modern college and
university, and in Liberal Arts, courses in many disciplines unfold - and help students develop - a
variety of intellectual abilities: by readings, assignments, and methods of teaching and assessment.
The abilities cannot be taught, learned or evaluated on their own, separated from content. Only in
our thinking about education can we abstract abilities from subject matter. The processes of
teaching, learning and using what welearn unite content and abilitiesinextricably. Studentsacquire
both by their own active effort of study and practice, and then can apply bothin their further studies,
employment and leisure.

There are many ways of stating, subdividing and organizing the abilitiesacquired in different
disciplines. The arrangement made here has one practical aim: to tell students plainly the abilities
that the Liberal Arts Program expects they should develop or attain through their four terms of
college. We organize the many types of abilities under four general headings, as follows: students
are expected to develop and demonstrate the capacity for

(A)  critical thought and reflection;

(B)  personal responsibility and ethical discernment;
(C)  cogent, well formed oral and written expression;
(D)  informed aesthetic responses.

The order displayed above is meant to make discussion easy, and isnot aranking by importance. The
same should be understood of the unpacking of each ability below into components. Indeed, thefour
abilities and their components (however conceived or phrased) run together, closely linked and
mutually dependent, in all our courses. This is an important fact to remember as each is stated

Separately.

A. critical thought and reflection

The disciplines and the courses taught in the Liberal Arts program work to develop in
students the habits of critical thought and reflection, applied to what they are studying. Thismeans,
first

(A.1) that students recognize how knowledge is organized: how it is divided into disciplines, how
this demarcation of areas of knowledge has itself shifted and changed, and what the characteristic
viewpoints, problems and strategies of the disciplines are; and second
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(A.2) that students recognize, assess, criticize and learn to formulate clearly valid arguments and
defensible judgements within these areas of knowledge; and in so doing, learn and use therequisite
skills of research and documentation, especially the uses and resources of the research library; and
third,

A.3) that by the critical assessment of their readings, and of the opinions they hear in their classes,
students see the rel ati ons between assumptions, theory, evidence and proof in the subjectsthey study,
and demonstrate their grasp of these relationsin their own written or oral presentations.

B. personal responsibility and ethical discer nment

By studying the subject matter of the program, by pursuing the questionsit raises for them,
and by doing the work it asks of them, students cultivate as well the necessary ethical dimension of
being educated, in at least two senses: to discern and be aware of the ethical aspects of what they
study, and to show personal responsibility in applying high ethical standards to the creation and
management of their own work. This means, first

(B.1) that studentsidentify, and learn to analyze and discusswith clarity the ethical questionsraised
by and within various areas of knowledge, in what the latter either demonstrate or assume; and
second

(B.2) that students understand the ethical standards of good scholarly and scientific work, realizethe
importance and characteristics of intellectual integrity, and demonstrate it in their own work, by
fulfilling its practical requirements; and third

(B.3) that studentslearnto arrangetheir time, tasksand effort, in order to plan and accomplish their
work in good time, individually or with others.

C. cogent, well formed oral and written expression

By the example and analysis of their reading, and by means of their course work, oral and
written, students devel op the art of exercising thelanguageto convey their knowledge and ideaswith
accuracy, clarity and precision. This means, first

(C.1) that orally or in writing students analyze, compare and sum up their reading on assigned
subjects; they define and discuss the questions and conclusions which they and others draw from

these works, and they state their critical evaluations or judgements; and second,

(C.2) that students devel op the habit of editing critically and revising the grammar, diction, syntax,
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spelling and organization of their own oral and written work to makeit convey what they mean, and
fit the subject in form and style; and third,

(C.3) that studentsdevel op their powers of research, judgement and expression sufficiently to define
and accomplish complex written projects.

D. informed aesthetic responses

Virtually every aspect of our lives engages our aesthetic sense; it informs understanding and
expression, and is honed by them. In the educated person the aesthetic sense is present to the
conscious mind. Asdo many educational traditions, the Liberal Artsencourage studentsto cultivate
and educate their aesthetic awareness and appreciation. This means, first,

(D.1) that students acquire and exercise the vocabulary, language and concepts with which to state
clearly their personal, or analytical, or critical response to a created work; and second,

(D.2) that students distinguish those properties of a created work which shape its meaning and
impact, which help identify and explain it (relate it for comparison to other works in similar or
analogous media, subject areas, styles or periods), and which may be the basis of judging its use of
its medium; and third,

(D.3) that students show a grasp of the context of ideas or associations which induce or influence

their regard of a created work, and form their responses cogently within a critical framework or
theory.
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