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This empirical study testhe hypothesighat the versatile learning ofrigonometry
using interactive computer graphicsvould lead to a greatenmprovement in the
performance of girls oveboys. The experimentvas carried out with 15 year old
pupils in two schools with matched entry standards, each subdividablillby into
four correspondingmixed gender groups. In every caseexperimental boys
improved more than control boys and experimentakirls improved more than
control girls. However, whilsthe control girls performancdeteriorated compared
with the controlboys, the experimental girls performanaaproved incomparison
with the experimentaboys, eventually becoming superior al but theleast able

group.

Difficulties in the learning of trigonometry

The initial stages of learning the ideas of trigonometry are fraugghtdifficulty, requiring the
learner to relatgictures of triangles to numericeglationships, tacope with ratiossuch as
sinA=opposite/hypotenusend to manipulate the symbols involved in such relationships. Ratios
prove to be extremely difficult for children to comprehend (H&&1), and modern texts have
responded to the perceived difficulties by introducingdime of an angle not asratio, but as

the opposite side length in a right-angled triangle with unipotenuse which must be
recognized with the triangle rotated into any position.

Furtherdifficulties occur as the childnust conceptualizevhat happens athe right-angled
triangle changes size in two essentially different geometric and dynamic ways:

. as an acute angle in the triangle is increasmed thehypotenuse remains
fixed, so the opposite side increases and the adjacent side decreases,

. as the angles remagonstantthe enlargement of theypotenuse by a given
factor changes the othe r two sides by the same factor.

The traditional approach uses pictures in two diffevesys, each ofwhich has itsdrawbacks.
Rough sketches of triangles may give the impression that the nunpedcatluresre the only

way to get accurate results causing a possible schism between the use of pictotesesicdl
procedures. Othe otherhand, ifthe childrendraw anaccuratepicture, this focuses on the
production of one static picture rather than the visualization of dynamically changing
relationships.
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A computer approach can charglethis by allowingthe child to manipulate the picture and
relateits dynamically changing state to tberrespondingiumericalconcepts. ltherefore has
the potential of improvinginderstanding. Thiability to usethe computer to carry outertain
arduous constructions whilte child carfocus onspecific relationships weall theprinciple

of selective constructiomVe believe this to be one of theost powerfuleducational principles
for the use of the new technology.

Gender differences in mathematical performance

Empirical evidence shows that although girls perform at least as watlyasinmathematics in

the earlyyears, ashey get older a divergence in performance becamppsirentparticularly
amongst the higher ability groups. For exampe, percentage dfoysand girls obtaining the
highest gradegA,B,C) in the U.K. examinations taken at the age of sixteen (the General
Certificate of Secondary Education) is as follows:

% obtaining grade A %btaining grades A,B,C
1985 1987 1985 1987
Boys 9.4% 9.1% 41.2% 40.5%
Girls 4.8% 5.2% 33.7% 33.5%
(Source: D.E.S. 1989)
table 1

There is also evidence that girls of thige ardess successful at visuo-spatial tagkeanboys,
particularly in the highest ability groups. We hypothesised that if softwasedesigned tbnk
together spatial concepts and numeric and symbaba,then thismay aidgirls in perceiving
linkages wherethe traditional UK curriculum leaves themith a perceived deficiency. In
addition, observed differences social behaviour irour earlier experiments (Tall &homas
1988), in which girlswere seen to be moiékely to cooperate, whilst boys wouldften
compete, might enhance the girls’ success rate at gaining conceptual insight.

Software designed to improve versatile learning of trigonometry

To improve versatility in relating numerical and viseaks a simplgiece ofsoftware was
designed linkinghumerical inpufor lengths and angles to a visual display aight-angled

triangle ABC . Any of the sides and angtss be specifiednd, once sufficient information is
available, say two sides, or a side and an angle (in addition to the fixedngjh),the triangle

will be drawn.
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Figure 1: the screen display of the trigonometric software

The user may then choose to reveal any other sides or anglemaipdilate the data warious
ways, for instance to add, subtract, multiply or divide any lengngle by a givemuantity.
The triangle may be rotated and drawn either to a fixed scale or auto-scaled so that it remains the
same size onscreavhenall sidesare adjusted by the sanfi@ctor. By showingexamplesof
trigonometric phenomena relating numeric and geometric representatiossftivereacts as a
generic organizein the sense of Tall 1986, allowing the teachedd@monstrate, anthe pupils

to explore, examples of the concepts being introduced. The teacher needs to acjasizng
agent focussingthe pupil on the importantleas,then encouraging pupil interaction with the
software to enable them to make personal constructs of the interrelationshiprettihieenatical
ideas. By using the principle of selective construction to focus on aveatormally considered
to be higher order relationships it was hypothesisatithestudents wouldjain more versatile
understanding of trigonometric concepts.

Experimental design

The experiment was carried out in Kenilworth School which teaches the full raag#itgfand
is organized aswo parallel hallsfor pupils inthe age rangé2-16. Ineach hall the children
agedl4-15are streamed inttour mixed gendeclasses according to abilitPne school was
selected as the control, with the classes taught by the normal class tebehettserwas given
the experimental treatment byne of theauthors (a formerteacher at theschool). The
experimental teacher, travelling some distance to the schoolitlegatime to doany more than
arrive for his class, teacthen leaveagain, and any advantages, witle exception of the use
of the computer, tended to accrue to the control groups.

A pre-test given tall but the leastble confirmed that therevas nosignificant difference
between the groups being compared (see tables 5-8 below). All groupddsasors of 1 hour
10 minutes and 4 lessons of 35 minutes in a two week period, followed ibyreaiatepost-
test and a second post-test eight weeks later.
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After thefirst post-testhe teachers of contrgiroups land 2 chose tdiscusstheir student’s
mistakes and givéhem extra practicbefore thesecond post-test. Thould be construed as
giving these pupils an advantage otler experimentastudents but, as waill see, itdid not
improve their relative performance.

Aims in teaching trigonometry with the computer

The computer representation enabled the students to explore the relationship between numerical
and geometridata in an interactivenanner. For instance, at aarly stage thewsed the
computer to start with an angle 8®° and tatabulate thechanging values of thepposite and
adjacentsides asthe angle is increased steps of 10°,giving them earlyinsight into the
complementary relationship between the increatbte of sines andhe decreasingable of
cosines. Fronthe outset theyere encouraged tmake dynamidinks between visual and
numerical data which is less apparent in a traditional approach.

Over thetwo week periodhe experimentdiessonsdeveloped in a versatile mannagsing the
computer to estimate numerical values before checking them with the computer and with a hand-
calculator : estimating sides for given angles and arigtegiven sides,scaling triangles up or

down in size, solvingelatedproblems.Three computers weravailablefor group use with

care taken to give the girls their fair share. Wags only gproblem in experimentajroup two

where the boys competed to try to monopolise the computer.

Students ofll abilitiesfound the experimental approach reasonaditaightforward, with the
less able encountering problems for instance in handling dedesakhanone. Even the least
able became adept asingthe computeand, thoughthey had some difficulty writinglown
their results, they had fedifficulties with visualization. Thidias obviousmplicationsfor the
rigidity of differentiated curriculumschemes, where it islecided that certain conceptual
structures are too difficult to teach certain children.

Differences in responses of experimental and control pupils

The differences in conceptual development sltewn mostclearly on the delayegost-test
which consisted of 5 problems to test more standard trigonometric techniques anes6 to
versatility in handling conceptual ideas.

In some routingquestions,the controlstudents werable toperform as well or better, but
overall the experimental students had a significant advantage. (Figure 2, Table 2).
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Figure 2
Responses to Performance of Groups (%)
Figure 2 1 2 3 4
Experimental 84 88 62 59
Control 72 50 14 -
Table 2

In less routine examples the more able experimental students regularly performed better than the
corresponding controls, witlhe lessable experimentadtudentsmore than holding their own
(figure 3, table 3):

Draw a sketch of a triangl&BC where | Note: this means
0C =90°,AB=4 and SiA=CO. <& | the sine of anglé
Use a ruler, and mark the values of is the same as the

ine of anglé\.
angleAand angleB. cosine of anglé\

Figure 3
Responses to Performance of Groups (%)
Figure 3 1 2 3 4
Experimental 90 84 44 50
Control 55 44 45 -
Table 3

Table 4 shows the mean marks attained by each group on a school exam (given at the end of the
previous year), followed byhe pre-test anghost-tests 1 & 2, withthe latterdivided into
standard questions (S) antbre versatileuestions (V).The experimentastudents perform at

least as well on standagluestions and outscothe controlstudents onversatilequestions.

Those cases where the mean of the experimental score is greater than that of thecooateb!

a levelp<0.05 are denoted Isg.



Post-test 1 Post-test 2
Exam Pre-test
S V Total S V Total
El 61 37 80 78 79 89 83 86
C1 70 39 80 47 64 86 50 68
- sig. sig. - sig. sig.
E2 47 18 45 56 51 57 66 62
Cc2 48 20 46 38 42 39 41 40

- sig. sig. sig. sig. sig.

E3 47 20 47 52 50 57 66 62
C3 49 21 31 28 30 24 23 23

sig. sig. sig. sig. sig. sig.

E4 39 not given 22 48 35 22 37 29

C4 39 not given 5 17 11 not given

sig. sig. sig.

Table 4: significance (p<0.05) of results of post-tests by group and type of question

Statistical differences between girls and boys

The performances of the various sub-groups are given in &le$n everygroup (except the
leastable, wherdull datawas not gathered) from pre-test to (delay@d)st-test,experimental
boys improved more than control boys and experimental girls improved more than goigrol
In each case the girls started out with a lower (or) equal score to the boys on the pre-test, but by
the delayegost-testthe controlgirls improvedlessthan the controboys, the experimental
girls improvedmore than the experimentddoys. In group 2the experimentaboys do not
perform as well as the contrbbys onthefirst post-test. This wathe onegroup where the
experimental teacher found difficulty with the baylo bothtried to compete in thase of the
computer and also pressed the teacher totgsmm proceduralvays of findingsolutions.Even
here, wherahe controlpupils hadextra teachingorior to the second post-testhe eventual
superiority of the experimental pupils was shown. In particular, even thbagtontrolteacher
tried the much-approved method of getting plils toreflect on andliscusstheir errors, he
failed to bring about an improvement, indeed, the control pupils showettked deterioration
in solving versatile questions involving the need to translate a word problem into a diagram.



Group 1 Experimental Control
Boys (N=8) Girls (N=17) Boys (N=13) Girls (N=16)
Pre-test 44 % 33% 44 % 33%
Post-test 1 75 % 82 % 70 % 61 %
Post-test 2 72 % 92 % 70 % 62 %
Table 5
Group 2 Experimental Control
Boys (N=12) Girls (N=13) Boys (N=15) Girls (N=11)
Pre-test 18 % 18 % 22 % 17 %
Post-test 1 43 % 57 % 50 % 31 %
Post-test 2 59 % 65 % 49 % 28 %
Table 6
Group 3 Experimental Control
Boys (N=8) Girls (N=13) Boys (N =11) Girls (N=10)
Pre-test 22 % 20 % 24 % 18 %
Post-test 1 56 % 46 % 24 % 36 %
Post-test 2 38 % 41 % 24 % 23 %
Table 7
Group 4 Experimental Control
Boys (N=6) Girls (N=6) Boys (N=5) Girls (N=9)
Pre-test - - - -
Post-test 1 34 % 34 % 15 % 8%
Post-test 2 33 % 25 % - -
Table 8

Table 9 summarises the significant differencgg) (between experimental and contstidents
using a two-way analysis of variange(.05) to compare raw score in the two post-tests (in all
cases the experimental students score more except for group 2 boys in post-test 1).

Post test 1 Post-test 2
Boys Girls Boys Girls
Exp v. Control 1 n.s. sig n.s. sig
Exp v. Control 2 n.s. sig n.s. sig
Exp v. Control 3 sig n.s. n.s. sig
Exp v. Control 4 sig sig - -
Table 9

This shows the difference between control and experimental boys on the gelatseist to be
statistically non-significant irall three groupstested and the difference betweginls to be
statisticallysignificant. Only in the immediatgost-test of controgroup 3 is thispattern not
repeated.



Only in group 4 dothe experimentaboys outperfornthe experimentagjirls on the delayed
post-test

Conclusions

The experiment confirmed thieypothesisthat the experimental treatmeunsing the generic
organizer on the computer helped the experimesttadents to improveheir performance
compared witlthe controlstudents. It also showegreater improvement in the experimental
girls than the boys (except in the least able group).

The reversal of théypothesis withthe least able may be part of an overall trend: that the
computer helpstudents (ofeither gender) lacking versatility in linking numerical to visual
skills. This is consistent with the generally observed tendency for boys’ performances to have a
greater standard deviation, with more boys performing well at the top end and more performing
badly amongst the low achievers than the girls who cluster nearer the mean. It timatytHizse

who gain an advantage frotme computer are thiessversatile girls(at or above thenean

ability range) and boys at the bottom of the ability range.

Whilst therewas someevidence in experimentgroup 2that theboys attempted tcassume a
dominant role in th@roup, there is no evidence th#tis aggressionranslated into superior
performancesThe question as to whethéne differences are social or geneticdoie to other
factors remairopen.What is evident is a real improvement in the avermgg above average
girls compared withthe corresponding boys usinfpe computer, whichshows itself in an
increased ability to think in a versatile way linking visual and numerical skills.
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