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The use of history of mathematics in mathematics teaching is widely
recognized. However, to date, its effectiveness has not been systematically
evaluated. An experiment was conducted with the topic on Pythagorean
Theorem at Secondary 2 under the framework of “intended—implemented-
attained curricula.” The duration was three weeks and the effectiveness of
the class under experimentation was compared with a parallel one. A teach-
ing capsule was designed to remedy the shortcomings of current practice
of teaching the particular topic as found in a pilot research. Pre-assessment
and post-assessment of students’ attitude towards mathematics, enjoyment
of learning in mathematics, learning motivation and mathematics self-
concept were ¢conducted at the start gnd at the end of the course. Their test
scores were also collected. In the experimental group, these questionnaires
were supplemented by a list of open-ended questions on how well they
received the new way of teaching and how well they received the capsule
(teaching material). Semi-structured interviews were also conducted on
the teacher and six students from the experimental group on their
perception of these three weeks of teaching and learning experience.

* Part of the paper feports on thé work of the first author in his M.Phil. study at The
" Chinese University of Hong Kong under the supervision of the third author.
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The Expanding Goal of Mathematics Education

To go for “mathematics-for-all,” mathematics should no longer be taught
in school just as a tool, but should be taught as a subject which possesses
several very different goals that reflect the diverse roles mathematics plays
in the society. As it is stated in Reshaping School Mathematics (National
Research Council, 1990), mathematics education plays an expanding role
comprising a practical goal, a civic goal, a professional goal and a cultural
goal. This can only be achieved if the learners see the relevance of what is
learned and engage in either the process of constructing mathematical
knowledge by themselves or the study of how others, including our
ancestors, construct their mathematics (Fung & Wong, 1998). The process
of how mathematics is learned is as important as what mathematical
product is learned. Mathematics becomes a part of the learner’s asset if we
can let the learner appreciate “mathematics-in-its-making” and not just
“mathematics-as-an-end-product” (Siu & Siu, 1979).

With such an expanding goal, we should let students shape a broader
“Anschauung” of mathematics (Siu, 1995), realize that mathematics is not
confined to “calculables” (Wong, Lam, & Wong, 1998) and regard mathe-
matics as an academic discipline as well as a cultural activity. These
“cultural goals” are clearly stated in the recently released Hong Kong 2001
school mathematics curriculum, namely, students should be made aware
“that mathematics is a dynamic field with its roots in many cultures; of the
aesthetic nature of mathematics; the precise and aesthetic nature aspect of
mathematics and the role of mathematics in human affairs” (Curriculum
Development Council, 1998; Wong, 1997). To gain such a broad perspec-
tive of the subject mathematics as a whole, we feel that an acquaintance
with the history of mathematics is indispensable. As pointed out in Swetz
(1994), history of mathematics can give students “an awareness of
tradition, a feeling of belonging, and a sense of participation.... By
incorporating some history into teaching mathematics, teaching can lessen
its stultifying mystique. Mathematics isn’t something magic and forbid-
dingly alien” (p. 31). A number of reasons and ways in using history of
mathematics in the classroom was given in Fauvel (1991). For enhancing
the study of the subject itself we can “look for insight and motivation in the
illustrious examples from history, thereby gaining an enlightened
interpretation” (Siu, 1985). A recent ICMI (International Commission on
Mathematical Instruction) Study has as its theme The Role of the History of
Mathematics in the Teaching and Learning of Mathematics. A book on this
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study, published in 2000, contains many useful references on all aspects of

history of mathematics and mathematics education (Fauvel & van Maanen,
2000).

Effectiveness of Using History of Mathematics in Education

Although there is no dearth of books: and papers on the integration of
history of mathematics in the teaching of mathematics, not much research
seems to have been done on the actual experimentation and evaluation of
effectiveness of teaching mathematics with the use of the history of
mathematics. McBride and Rollins (1977) reported on such an experiment
on college algebra students and found an improvement in the attitude
towards mathematics of the students who were exposed to items from the
history of mathematics. In this paper we will report on an experiment on
Secondary 2 students and discuss the underlying theoretical framework of
the experiment.

Furthermore, a pilot study carried out on 360 school teachers in 41
secondary schools in Hong Kong (conducted by the first author) revealed
that although the use of history in mathematics teaching is highly regarded
by school teachers, they lack the initiative of actually using it. The tight
teaching schedule, lack of knowledge and supporting material as well as
examination-orientation of the Hong Kong school culture were some of the

reasons stated by the teachers for not using it (Lit & Siu, 1998; Lit &
Wong, 1999).

Effectiveness: Perspective from Curriculum Evaluation

We are going to propose that a simple experimental-control-groups design
by comparing their respective “post-test vs. pre-test differences” is not
sophisticated enough to evaluate the effectiveness of using history of
mathematics in mathematics instruction (Wong, 1998). There is a need to
have a theoretical framework, for which we borrow the intended—
implemented-attained curriculum framework used in the IEA Mathe-
matics Studies (Travers & Westbury, 1989). At the intended level, the aims
and objectives of incorporating components from the history of
mathematics are first identified (what educational issues can be addressed
with the use of history) and we evaluate whether these aims are met in the
design of the corresponding teaching capsule. At the implemented level,
we do not only check whether the intended curriculum (teaching capsule)
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is implemented according to the origingl ideas of design, we also eva:iutal:e
the feasibility of the design. At the attained lgvel, both the process and the
outcome will be assessed by means of formative and summatlYe evaluatxv;:1
methods. Cognitive and affective outcomes are to b.e con31deredl: Bgt

quantitative (grades in conventional tests, qgestlopnaxres) anq qua itative
methods (students’ feedback gathered from interviews) are utlhzc;ld to tE.lp
the cognitive and affective changes among the students and the change in

their conceptions of mathematics.

Research Report of an Experiment

Situational Appraisal

Large class size (around 40) and an examination-driven curriculum reflymcg1
on lecturing, drilling and memorization are not uncommon features 101;;1

in the Hong Kong classroom (Llewellyn, Hancock, Klrst,. & Roeloffs,
1982; Morris, 1985, 1988). Prior to the demgn of the teaching capsule a;
situational appraisal was performed by interv1e\y1ng llfecondary sch'oo

students. The result revealed that students perceive the lecture-exef01s.e-
lecture-exercise” stereotype as boring. A tight schedule leave's thfem Wltl?
no time to think. Cited factors which are conducive to learning include:
being able to understand, previous experle{lce of success, a teacher who
can make full use of activities and teaching aids to create a lively classroom
atmosphere, a teacher who is patient and k'nows the peed of the student‘s, a
teacher who makes abstract concepts tangible and gives clea'r explanation.
The result found is quite consistent with that from previous research

(Leung, 1995; Wong, 1993, 1996).

The Intended Curriculum

The Pythagorean Theorem for Secondary 2 students was chosen as the

- topic of experimentation. The existing curriculum material (textbook) was

analyzed and an attempt at remedying the shorthmings founfi were made
by using components from history of mathematics. The design was prei
tested in two Secondary 2 classes in October 19?6 before the actua
implementation. The capsule was revised according to the feedback
obtained in the pre-testing. In brief, worksheets, problems taken from
ancient classics, activities, manipulatives and proofs of the Pytbagorean
Theorem with various cultural origins as we}l as relevant §tor1es from
history of mathematics were incorporated into the teaching capsule
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(samples of them are listed in Appendices 1 to 3). The details of the final
design are shown in Table 1.

Experiment Design

The capsule lasting three weeks of class time was experimented in
November 1997. Two parallel Secondary 2 classes in the same school were
chosen as the experimental group and the control group respectively. The
teaching in the experimental group and the control group occupied 14 and
9 lessons of 40 minutes respectively. They were conducted by the same
teacher who had a mathematics degree, possessing a professional
qualification and having two years of teaching experience. Pre-assessment
and post-assessment of students’ attitude towards mathematics, enjoyment
of learning in mathematics, learning motivation and mathematics self-
concept were conducted at the start and at the end of the course. Their test

Table 1. Design of the Capsule

Shortcomings of the existing
curriculum material

Inadequate material depicting the 1. Introduce the Chinese, Egyptian, Greek and
cultural aspect of mathematics Babylonian origins of the Pythagorean
Theorem.
2. Introduce the Chinese “water weed problem”
and the Indian “lotus problem.”
3. Passages from original classics given to the
students for reference.

Multiple perspectives to a single problem by
introducing methods from various cultures.

Rely too much on algebraic Diagrammatic proofs from ancient Chinese
treatment mathematics introduced.

No connection between the A story on the discovery of incommensurable

Pythagorean Theorem and magnitude leading to a crisis in mathematics
irrational numbers introduced.

Remedy taken in the capsule

Rely too much on drilling

Lack readily available activities Activities adopted from historical stories intro-
duced, such as making a right-angled triangle
from a string with 11 knots (dividing the string in
12 = 3+4+5 equal parts) and deciphering the
Babylonian tablet known as Plimpton 322.

Let students make a right-angled triangle with the
above string and let them prove the Pythagorean
Theorem themselves by geometrical
dissection.

Rare use of manipulatives
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scores were also collected. In the experimental group, these questionnaires
were supplemented by a list of open-ended questions on how well they
received the new way of teaching and how well they received the capsule
(teaching material). Semi-structured interviews were also conducted on the
teacher and six students from the experimental group on their perception of
these three weeks of teaching and learning experience. So the mathematics
performance (test score), affective factors (questionnaire) and their
reactions on the experiment (open-ended questions and interview) were
collected via quantitative as well as qualitative methodologies.

Instrument

Minato’s Mathematics Semantic Differential was used in the questionnaire
to tap students’ attitude towards mathematics (Minato, 1983). It consists of
14 bipolar statements put in a 6-point response scale. Sample items include
«School mathematics 18 (simple—complicated),” «School mathematics is
(beautiful—ugly).” The scale had been translated into Chinese and used in
Hong Kong several times, all with reliabilities (Cronbach’s alpha) greater
than .90. The scale was supplemented by the two subscales of “enjoyment”
and “motivation” of Aiken’s Mathematics Attitude Scale (Aiken, 1974).
Each subscale consists of 6 items put in a 5-point scale (strongly disagree,
disagree, fairly agree, agree, strongly agree). Sample items of the scales
include “I have usually enjoyed studying mathematics in school” and “1
want to develop my mathematical skills and study this subject more” for
“enjoyment” and “motivation” respectively. Finally, the mathematics self-
concept subscale from Self Description Questionnaire I (Marsh, 1992),
which consists of 8 items tapping student ratings of their ability and their
enjoyment/interest in mathematics put in the same 5-point scale, was
administered. Sample items include “I enjoy doing work in mathematics.”

Result

Responses to the Inventories

Satisfactory reliability indices (Cronbach’s alphas) ranging from .71 to .96
were obtained for all the inventories used. The t-test was used to
investigate the change of attitude in both the experimental and control
groups. The result is listed in Table 2.

Results revealed that the enjoyment among students in the control
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Table 2. Differences in Score: i i
P res of Affective Factors of Experimental and Control

Pre-assessment Post-assessment

Experimental  Control  t-value Experimental  Control  t-value

group rou

Attitude 3.24 gS.Gop -1.82 . 9:2“; 93“’3“; -0.29
Enjc?yment 3.00 3.06 -0.38 3.04 2:70 2 62*
Motivation 3.26 3.43 -0.98 3.19 3.15 O 17
Self-concept 2.57 2.80 -1.24 2.88 2.59 1.48

*p<.05

group dropped dt?ring the instruction of the Pythagorean Theorem whereas
that in the f.:xperlmental group rose slightly. The difference between the
two scores in these groups was significant statistically.

Test Scores

The conventional test scores in both groups were also compared and the
result§ are listed in Table 3. Results revealed that the test scores of the
experimental group were generally lower than that of the control grou

b.oth‘ t.>efore and after the treatment. The differences were statisticali)’
significant in tests 2 and 3. While the mean score of the control groug

increased by 3.22 marks, that of the experimental
) T d
marks after the treatment. ’ Broup diopped by .36

Open-ended Questions

Open-ended questions administered in the experimental group revealed

Table 3. Differences in Test Scores of Experimental and Control Groups

Mean
Experimental group Control grou
. t-
Test 1: Angles in triangles 50.24 54 790 : o
and polygons . 87
Test 2: Rate, ratio and 38
, .95 *
proportion o7 260
e Treatment
: Pythagorean 34.39 *
bl 58.95 5.75
*p < .001
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that most (26 out of 38) of the students like the new mode of instruction.
The main reason given was that the lesson became more li.vely and
enjoyable. One of the reasons given by those who did not like it is th‘at the
new way of teaching was even more boring as too many words (in the
historical stories) were involved.

Student Interviews

Responses to the student interviews revealed that most of the s?udents
judged the new teaching method by whether it could increase the interest
of learning and whether it could enhance understanding of the content. So
when they reflected on their learning experience they like the new mode
of teaching. “Interesting,” “enjoyable,” “pleasurable,” “easier to under-
stand,” and “not so boring” were the reasons they offered. In contrast,
“boring,” “could not understand what the teacher tried to deliver,” gnd
“troublesome [clumsy]” were the reasons offered by those who did not like
the new teaching method.

For those who did not welcome the capsule, the main objection is the
extra reading, which is a sheet of handout of some historical stories. One
student reflected that “I simply don’t like reading, ... I don’t like words.”
She continued to say that “When everyone concentrated on reading the
passage in class, the atmosphere became so boring (as everyone is silent,
reading).” Though there was one who loved the passages very much and
reflected that the stories provided rich information about the content.

The manipulatives and activities used were most welcomed by the
students. Proofs originated from different cultures were also well received.
When the students were asked how they felt about the history of
mathematics in general, some students just focused their attention on how
one could apply the formula to work on problems. This group of stude.nts
did not see the significance of history of mathematics in their learm'ng
though there were some who agreed that it adds liveliness to the learning
of mathematics.

LET) LR AN}

Teacher Interviews

The teacher who implemented the curriculum was very supportive to the
new mode of instruction. He felt that the capsule provided him with rich
information and added liveliness to his teaching. He thought that the
students should find interest in the activities, though he suspected that
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some students could find difficulty in understanding the proofs. Never-
theless, he reflected that the proofs with various cultural origins are more
interesting than the standard proof found in the textbook. The teacher
showed interest in using a problem (the “water weed problem”) as the
center of instruction, even in other topics, but he said that we should avoid
too many words in introducing such problems. What the teacher found
most successful was the handout of historical stories. He said that the
reading of such stories kept the class silent and attentive. In general, the
teacher showed high regard for the use of history. His sole concern is the
provision of good teaching material for teachers to use in the classroom.

Discussion

The present study forms one of the first systematic experimentation and
evaluation of the use of history of mathematics in mathematics instruction
in the intended-implemented-attained curriculum framework. Though the
result is not as promising as one anticipates, it gives us information on how
students learn mathematics and how they prefer to do in learning
mathematics. It sheds light on how one should design a curriculum
(teaching capsule) geared more to the classroom culture and preferences of
the students.

At the level of the intended curriculum, a teaching capsule was
designed not just to incorporate in it historical components, but designed
with the purpose of incorporating such components to address certain
shortcomings of the existing curriculum material. At the level of the
implemented curriculum, teachers’ feedback revealed that such a practice
(of inserting historical components) is feasible and manageable. Their
reception of the capsule was generally positive. At the level of the attained
curriculum, comparison of affective factors revealed that students in the
experimental group felt the learning process more enjoyable, though the
cognitive outcome of that group did not show improvement. This indicates
the possibility of a gap between what is taught and what is assessed. When
conventional testing relies heavily on manipulations and paper-and-pencil
exercises, drilling and practices remain the most “effective” way of push-
ing up test scores. Academic performance is definitely not the sole measure
of the effectiveness of the use of history in the teaching of mathematics. As
pointed out in Fraser, Williamson & Tobin (1987), standard achievement
criteria often have been overemphasized at the expense of equally
important process criteria. However, it does not necessarily mean that
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those possessing a lower score are less mathematically competent than
their counterparts, especially if we take into account conception formation
and authentic problem solving abilities.

Responses to open-ended questions and student interviews revealed
more in-depth issues of the question. Apparently, students’ responses to
the introduction of history of mathematics were dichotomized. Some felt it
increased the interest to learning and some said that it made learning even
more boring. Student interviews reflected that the sole concern of the
students is interest. In other words, students would judge a mode of
teaching attractive or not by whether it makes learning stimulating and
interesting. Along this line, those students who are scared of too many
words would find historical stories boring rather than the other way round.
One way to lessen this “language anxiety” is to think of introducing the
historical stories orally (by narration) instead. Written texts can be
distributed as optional reading material for students to read after class at
leisure. This is in line with previous research that person-environment fit
(congruence between actual and preferred classroom environment) is the
crux of making classroom environments conducive to learning (Fraser,
1986; Wong & Watkins, 1996).

A mismatch between the teacher’s and students’ responses was also
noted. Interest and liveliness were the major concerns of the students. But
for the teacher, order and attentiveness come first. This is consistent with
previous research. It was found that Hong Kong students preferred a
classroom environment which is not boring with classmates engaged in
learning, yet quiet with order observed (Wong, 1993, 1996). These
anticipations are not conflicting but it requires high teaching skill to
achieve that.

Test scores of the students in the experimental group were lower than
those in the control group, even though the former group generally found
the new mode of teaching more enjoyable. This can be easily explained.
Besides the use of conventional testing methods as mentioned above, it
could be a long way from cultivation of interest to better performance in
solving mathematics problems. Interest is the first step and student needs to
spend more time on mathematical task to consolidate their skills in
mathematics. However, we believe that once the students are motivated,
the rest would come about gradually. )

Thus, how successful the introduction of history of mathematics is
depends largely on how it is introduced. History of mathematics is not a
panacea. We believe that no single teaching method can solve all the
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problems in classroom learning, and each of these can only address a part
of them. By identifying the strengths and limitations of these teaching
methods, we can employ them to complement and supplement each other.

Concluding Remarks

With the implementation of universal education, mathematics education
assumes an expanding goal. We should let students actively involve
themselves in the experience of doing mathematics and constructing
knowledge for themselves. The use of history of mathematics in the
teaching of mathematics is a natural solution. Though most teachers value
the use of history, it is a problem that teachers do not find enough readily
available teaching material. The present paper reports not only the design
of such a capsule but the process of its experimentation. Though the time
elapsed in the experimental group was longer than that in the control group,
the process of development should shed light on how a capsule could be
gradually constructed based on situational appraisal of learning
difficulties. It also serves as an example of later designs and students’
feedbacks provide rich information for improvements. Eventually, the
teacher would not only depend on ready-made teaching material but
gradually develop the capability of designing curriculum material that
serves the purpose of learning best. The teacher should become a thinker,
an evaluator as well as a curriculum designer (Siu, Siu, & Wong, 1993;
Wong & Su, 1995). In such a case, the development of curriculum concepts
through history should be of great help to the teacher in designing the
teaching schedule. '

References

Aiken, L. R. (1974). Two scales of attitude toward mathematics. Journal for
Research in Mathematics Education, 5(2), 67-71.

Curriculum Development Council. (1998). Syllabuses for Secondary Schools:
Mathematics, S.1-S.5 (draft of framework). Hong Kong: Education
Department.

Fauvel, J. (1991). Using history in mathematics education. For the Learning of
Mathematics, 11(2), 3-6.

Fauvel, J., & van Maanen, J. (Eds.). (2000). History in mathematics education: The
ICMI Study. Dordrecht: Kluwer Academic Publisher.

Fraser, B. J. (1986). Clgzssroom environment. London: Croom Helm.

Fraser, B. J., Williamson, J. C., & Tobin, K. G. (1987). Use of classroom and



28 Chi-Kai Lit, Man-Keung Siu and Ngai-Ying Wong

school climate scales in evaluating alternative high schools. Teaching and
Teacher Education, 3(3), 219-231.

Fung, C. I, & Wong, N. Y. (1998). Connections through the development of
mathematical ideas: The case of solution to high degree polynomial equations
in medieval Chinese mathematics. Hiroshima Journal of Mathematics
Education, 6(March), 71-88.

Leung, F. K. S. (1995). The mathematics classroom in Beijing, Hong Kong and
London. Educational Studies in Mathematics, 29(4), 297-325.

Lit, C. K., & Siu, M. K. (1998). A research project on the effect of using history
of mathematics in the school classroom. Paper presented at the ICMI Study
Conference on the Role of the History of Mathematics in the Teaching and
Learning of Mathematics, April 1998, Luminy.

Lit, C. K., & Wong, N. Y. (1999). A study on the use of history of mathematics in
mathematical instruction among Hong Kong secondary school teachers [in
Chinese]. Curriculum Forum, 8, 50-65.

Llewellyn, I., Hancock, G., Kirst, M., & Roeloffs, K. (1982). A perspective on
education in Hong Kong: Report by a visiting panel. Hong Kong: Government.

Marsh, H. W. (1992). The Self-Description Questionnaire I (SOD-I): Test manual
and research monograph. Macarthur, Australia: University of Western Sydney.

McBride, C. C., & Rollins, J. H. (1977). The effects of history of mathematics on
attitudes toward mathematics of college algebra students. Journal for Research
in Mathematics Education, 8(1), 57-61.

Minato, S. (1983). Some mathematical attitudinal data on eighth grade students in
Japan measured by a semantic differential. Educational Studies in Mathematics,
14(1), 19-38.

Morris, P. (1985). Teachers’ perceptions of the barriers to the implementation of a
pedagogic innovation: A South East Asian case study. International Review of
Education, 31, 3-18.

Morris, P. (1988). Teachers’ attitudes towards a curriculum innovation: An East
Asian study. Research in Education, 40, 75-87.

National Research Council. (1990). Reshaping School Mathematics. Washington,
DC: National Academy Press.

Siu, F. K., & Siu, M. K. (1979). History of mathematics and its relation to
mathematical education. International Journal of Mathematics Education for
Science and Technology, 10(4), 561-567.

Siu, F. K., Siu, M. K., & Wong, N. Y. (1993). Changing times in mathematics
education: The need of a scholar-teacher. In C. C. Lam, H. W. Wong, & Y. W.
Fung (Eds.), Proceedings of the International Symposium on Curriculum
Changes for Chinese Communities in Southeast Asia: Challenges of the 21st
Century, 223-226.

Siu, M. K. (1985). {History of [(Mathematics)} Teachers] [in French]. Bulletin de
I’Association des Professeurs de Mathatiques, 354, 309-319.

The Use of History in the Teaching of Mathematics 29

Siu, M. K. (1995). Mathematics education in ancient China: What lesson do we
learn from it? Historia Scientiarum, 4,223-232.

Swetz, F. J. (1994). Seeking relevance? Try the history of mathematics. In F. J.
Swetz (Ed.), From five fingers to infinity: A Journey through the history of
mathematics. Chicago: Open Court.

Travers, K. J., & Westbury, L. (1989). The IEA studies of mathematics I: Analysis
of mathematics curriculum. Oxford: Pergamon.

Wong, N. Y. (1993). The psychosocial environment in the Hong Kong
mathematics classroom. The Journal of Mathematical Behavior, 12(3), 303-
309.

Wong, N. Y. (1996). Students’ perceptions of the mathematics classroom in Hong
Kong. Hiroshima Journal of Mathematics Education, 4, 89-107.

Wong, N. Y. (1997). The Hong Kong mathematics curriculum: Anticipating a
change. Curriculum Forum, 6(2), 56-65.

Wong, N. Y. (1998). The exploration of the use of history of mathematics in the
classroom from a curriculum perspective [in Chinese]. EduMath, 6, 8-9.

Wong, N. Y., Lam, C. C, & Wong K. M. (1998). Students’ and teachers’
conception of mathematics learning: A Hong Kong study. In H. S. Park, Y. H.
Choe, H. Shin, & S. H. Kim (Eds.), Proceedings of the First ICMI-East Asia
Regional Conference on Mathematical Education, 2 (pp. 375-404). Korea:
Korea National University of Education.

Wong, N. Y., & Su, S. (1995). Universal education and teacher preparation: The
new challenges of mathematics teachers in the changing times. In G. Bell (Ed.),
Review of mathematics education in Asia and the Pacific, 1995 (pp. 137-142).
Lismore, Australia: The Southern Cross Mathematical Association.

Wong, N. Y., & Watkins, D. (1996). Self-monitoring as a mediator of person-
environment fit: An investigation of Hong Kong mathematics classroom
environments. British Journal of Educational Psychology, 66, 223-229.



