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Abstract: This paper reports the results of a quantitative analysis of studentsOperformance in ten dynamic geometry
manipulative tasks. More than 250 Grade 6 students from about 90 primary schools in Hong Kong attempted the tasks
in a mathematics competition. These tasks, set up with the software C.a.R. but accessible with an ordinary Java-enabled
browser, require students to drag points (mostly vertices of polygons) in pre-constructed geometric drawings so as to
obtain specific areas or shapes. They are designed in such away that students have to exercise their understanding in
elementary geometry while continuously transforming the geometric figures on the screen. Apart from these geometric
tasks, there is aso a paper (in multiple-choice format) that calls for general mathematical reasoning and knowledge.
Correlation between the scores on the multiple-choice test and the performance on the dynamic geometry tasks is also
studied. The correlation is only moderately positive, which tends to suggest that the dynamic geometry tasks are
probing a kind of ability different from the general mathematical competence expected of a Grade 6 student. Results of
the students in the ten dynamic geometry tasks are also analyzed in an exploratory manner. Factor Analysis renders an
extraction of four factors, three of which can be possibly interpreted with partia reference to the content knowledge
involved, namely, knowledge about symmetry, area and congruence. But, with a careful examination of the geometric
contents as well as the design of some of the tasks, we suggest a distinctive element of exploratory interaction, as
opposed to working with formulas and computation, that should help characterize the factors at a deeper level.

1. Introduction

Dynamic geometry tools for mathematics education are becoming more and more accessible and
friendly. In terms of technological feasibility, onemay envisage its incorporation into the learning,
teaching and assessment of geometry in awide rangeof settings Dynamic geometry content can be
easily created with subject-specific software, such as Geometer(3 Sketchpad or Cabri-GZometrie, or
the more genera authoring tools such as Flash or Java. These tools can hdp produe in a dynamic
geometry (hereafter shortened as DG) environment interactive learning units, tasks for chdlenging
students or testing their basic geometric knowledge (Mathand, Project Interactivate and Nationd
Library of Virtud Manipulatives are examples easily accessible in the Internd.) Students can work
on focused tasks with pre-condructed figures or engage in open exploration with high degree of
control. However, no matter wha kind of activities are invdved, merely acting on DG objects and
interpreting ther behaviors may aready require skills and knowledge different from those required
for classical geometry in thetraditiond modeof content ddivery (Whiteley, 2000)



There is thus the need to better undestand the naure of the geometric skills and knowledge
pertaining to the new DG environment. This is particularly so when we are consdering relevant
changes in assessment practice, since advances in technology have granted various options of
conduding assessments in the electronic platform. No matter whether they are doneby minimal or
radica modification of traditiond pgper-based tests, we expect assessment tasks to have thar
designs and contents fitting the purpose and context. Wha geometric skills and knowledge do we
want our students to learn? Wha can we tell from the peformance of students in certain kinds of
geometric tasks? Once we consder these questions in context (i.e. in the DG environment given the
present curriculum), we cannot but come to notice the possible shift in knowedgebeng tested. In
this paper, we report our andysis of studentsOperformance in ten DG manipulative tasks. Hopeully,
it would hdp us undestand better wha we can tell from the peformance of students in certain
geometric tasks, which may in turn cast light on the implication of incorporating DG technology in
the design of assessment tasks for geometry at elementary level.

2. Method of Study
2.1 The Context

Althoughthe title of this paper seems to suggest a statistical survey, we mud at the beginning
clarify the context out of which the data have been generated. To putit shortly, we do not claim any
representative sample out of arigoroudy designead statistical survey. And the following subsections
will thusappear to deviate from the usud descriptionsof subjects, ingruments, procedures and so
forth. Indead of the usud pah from well-formulated research questionsor hypoheses to research
design then to daa collection, it is in the context of some ongong events that our undestanding of
studentsOperformance in DG environment gradudly emerges with the aid of statistical andysis.

In early 2005, a mathematics competition was organized for Primary 6 (i.e. Grade 6) students in
four separate districts in HongKong. Each primary school in the districts was invited to send some
students to paticipae. Without deailing the logstics of the competition, suffice to know that more
than 250 students from about 90 primary schools in those four districts attempted a set of ten DG
manipulative tasks, which was one component of the competition. Whereas the tasks set in the DG
environment were bdieved to be novd to mog if not al paticipants, the geometric knowledge
needed was suppased to be covered in ther current mathematics syllabus It calls for basic
undestanding of size of angles, area of triangles, congruence of polygonsand symmetry of shapesor
patterns. More details of these DG manipulative tasks will begiven in Section 2.2. It should be noted
yet that prior experience with or substantial knowledge abou DG was not assumed onthe part of the
students. Notwithdanding the fact tha we did not start with a statistically representative sample of
the general popuktion of Grade 6 students, the reasonably large nunber of students from many
schools, each beng a contestant in an inter-school mathematics competition, judifiably conditute a
goodsample of themathematically high achievers at Grade 6 in thefour districts concerned.

In the same competition, these students also completed a multiple-choice test of 30 items designed
to assess thar general mathematical competence. Whereas a few items were designel to test
studentsO logical reasoning and generd andytic ability, mog of the test items were largdy
connested with the content knowledge specified by the primary mathematics syllabus However, it
could be argual that al the test items required nonroutine application of such elementary
mathematics as couning, enumeration, arithmetic opeations measuring with areas and volumes,



fractionsand ssimple propations Thetotal score on this multiple-choice test thusgrants usarough
measure of the general mathematical competence of the Grade 6 participants.

Both the multiple-choice test and the test with DG manipulative tasks, conduded separately, lasted
for 45 minutes. As obsrved, mog students completed the questionsin goodtime. In other words,
time condraint did not appear to have significant impact on ther performance.

2.2 Designing the DG Manipulative Tasks

In thedesign of this set of tasks for Grade 6 students who are coming to finish ther primary studies,
the mgjor consdeations are the geometric knowledge tha they may have at this level and the
capabilities provided by the dynamic geometry tool. In particular, in the DG environment, students
can continuousy trandorm a shgpe unde designaed condraints (which are invisible to the students
themselves). This manipulation is actudly an interaction with the geometric figure because the
student, when acting on thefigure, is suppo®d to notice and thusrespondto the changes in various
geometric propeties such as area, length, angle sze and symmetry, either intuitively or based on
the given measurements (induding the use of squae grids). In our case, the manipulative tasks were
created with the DG software C.aR. and were presented as Java applets embedded in web pages.
Students accessed the pre-condructed dynamic figures through Java-enabled web-browsers. They
needed not have any experience in usng DG software. To finish atask, they were only required to
drag a certain movable point or more (with the other points fixed) to modify the figure untl some
paticular conditions were satisfied. For example, the first task in the test, shown in Figure 1(a),
asks a student to drag the only movable vertex F so tha the two triangles have equd area. To
satisfy this requirement, he'shecan put the point F anywhere 4 units from the base DE.
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Figurel Examplesof dynamic geometry manipulative task: () Drag F so tha the
triangles have the same area. (b) Drag the points P and Q (movable only
on ahorizontal and a vertical linerespectively) so tha the qualrilaterals
areequd in shgpeand size.

Each of these manipulative tasks has a paameter tha encodes a certain geometric propeaty of the
figurein relation to therequired conditions In the previousexample, according to the postion of F,
the difference between the areas of the triangles is computed and designéded as the paameter.
Ingead of the whole geometric figure tha a student thinks to have attained for the solution, this
parameter istheonly thing to be submitted. Noteworthy isthat such a paameter, enarypted with the
aid of a fundion devised by the designe, presents itself to the student in disguise of a



strangelooking value which does not tell anything to the student when he'sheis tackling the task.
This is the essential feature tha leads to a quantitative approach to studentsOperformance in these
geometric tasks because the value of the parameter gives, so to speak, a numerical measure of a
geometric figure as to whether, and in a certain sense, how well the required condition is satisfied.
A student@ peformance on a task is consdered successful when he/she can attain the required
figure with reasonable precision which is to be gauged by the value of the parameter. Figure 1(b)
provides another example togeher with its corresponding parameter shown as avalueof X.

Based on the reported value of X in a DG manipulative task, a score will be given, according to
how far theresult deviates from the correct result. The maximum score for each task can be 1, 2 or
3, depending onits complexity. Thefull score onthese ten DG manipulative tasksis 24.

2.3 Seeking to Understand Students’ Performance in DG Manipulative Tasks

We seek to undestand the performance of these Grade 6 students in the DG manipulative tasks.

However, this question of performance should not be a smple onein terms of a high or low score,

which has aready been answered by way of identifying thewinnasin the mathematics competition.

This is unavoidably the case when a student receives a single number as his’her total score on the

ten manipulative tasks. It is however in a quditative sense that we want to undestand the studentsO

performance given tha we are working with a set of quantitative data. While this kind of DG

manipulative tasks is ill developing aong with our fledgling knowledge about quantifying

studentsOperformance in a novd environment, we attempt to answer the following questionsby a

guantitative andysis of theddaa:

(@ How well do the students (a group of high achieversin our case) perform in this kind of DG
manipulative tasks?

(b) Can we reduce the studentsOperformance in the DG manipulative tasks (now represented by
ten scores) to afew factors that would hdp characterizing their performance?

(c) Isthere any assodation between studentsOperformance in this kind of tasks and ther general
mathematical compeence?

Simple descriptive measures will give us an idea of the general peformance. But, as explained
above thetest items were designad according to our undestanding of how a Grade 6 student should
be able to do in the area of geometry. Structure in the ten items themselves, if any, might be due
largdy to the mathematical topics and contents that usudly goven our conagptionswhen we are
setting questionsfor the students. It may lack a strongreference to studentsQectud performancein a
variety of questionsin various contexts. This is especially true when we are now talking about
problems in the new environment of dynamic geometry. We will thus employ factor andytic
techniques and correlationd andysisto explore possible answers to questions(b) and (c).

3. Results and Analysis

3.1 General Findings

More than 250 Grade 6 students attempted the ten DG manipulative tasks during the mathematics
competition. They came from about 90 primary schools in four widdy separated districts in Hong

Kong. Dueto missing data which defies factor analysis, we will employ data from 229 students for
the factor andysis of the resulting scores on these ten manipulative tasks (see Section 3.2 bdow).



However, dueto an unexpected problem with the scores on the multiple-choice test in onedistrict,
only 185 students will betaken into accountfor the general andysis involving data other than those
from the manipulative tasks, especially when we concern ourselves with the assodation between
studentsOperformance in the DG manipulative tasks and thar general mathematical competence.

The performance of the 185 students as a whole on the DG manipulative items may be consdered
as modeaately satisfactory. Of thefull score of 24 points, the students on average score alittle above
hdf thetotal (M =13.1). Ther peformance varies consdeably, with the scores taking up the full
rangefrom0to 24 (SD =5.1). Thedistribution of scores skews only dightly to theleft.

For the 30-item multiple-choice test, the score was worked out with various weightings given to
individud items. This was done by the organizers of the competition in order to recognize the
varying significance and difficulty among the items. As a result, the full score on this
multiple-choice test is set to be 100. The average score is 523 (n=185, SD=15.3, range

=15-90). Thescores of these 185 students distribute quite symmetrically aboutthe mean.

Relation between the studentsO performance in DG manipulative tasks and ther genera
mathematical competence as reflected by the scores on the multiple-choice test is examined by an
andysis usng Pearson@ correlation codficient. An andysis of the daa from the 185 students
reveals amodeately postive correlation, r(183) =.419, p <.0005.

3.2 Factor Analysis

For a better factor andysis of theresponses to the DG manipulative tasks, we try to have the largest
sub-dataset. As this factor andysis concerns only with the studentsOpeformance in the DG tasks,
the scores on the multiple-choice test are irrelevant. Thus we have gone beyond the restrictive
dataset of 185 students reported in the abovegeneral findings But since factor anadysis works only
if each of the students involved has produced respongs to all the ten tasks, we excludethose who
have failed in this respect. As a result, among al the participants, we take the daa from 229
students in the factor andysis to follow. With the studentsOscores on the ten DG tasks (Tasks 1
through 10), we condud a prindple component andysis with varimax rotation method ( N = 229).
Four prindpd components (i.e. factors) are extracted with eigenvaues greater than 1.0 (Kaiser@
criterion) and explain a cumulative 56.00% of the total variance. The percentages of variance tha
these orthogondly rotated factors, Factors | to 1V, account for are 16.72% 14.62% 13.77% and
10.89% respectively. Table 1 overleaf shows the measures of the assodation between each of the
ten tasks and each of these four orthogondly rotated princdpa components.

Interpretation of the meaning of these factors will be discussed in Section 4. Here we assume the
four factors and try out further andysis, paticularly tha of scores based on Factors | to 1V, to
explore ther relationdhipswith theother variables available to us

3.3 Factor-Item Percentage Score

Since each factor is largdy accounted for by a certain number of tasks, we conveat a student@
sub-total score on the tasks correlated with each factor as a percentage (namely, a number between
0 and 1). We cdll this factor-item percentagescore, which, in a certain sense, gives the score of the
student on a paticular factor. For example, Factor | correlates more with Tasks 6, 7 and 10 which



Tablel LoadingsontheFour Orthogonaly Rotated Princpal Components

Components

Factor | Factor 11 Factor 111 Factor IV
Task 7 .805
Task 6 .790
Task 10 445
Task 1 .705
Task 2 .670
Task 8 .637
Task 3 .703
Task 4 .608
Task 5 .581
Task 9 927

Extraction method: Principal Component Analysis.
Rotation method: Varimax with Kaiser Normalization.

Note: N = 229; only factor loadings over .40 are reported.
& Rotation converged in 6 iterations.

have thar respective maximum scores 2, 3 and 2 (totaling to 7); therefore, if astudent gets 1, 3 and
O onTasks 6, 7 and 10 respectively, hewill get 4/7 (i.e. 0.57) as his factor-item percentage score for
Factor 1. As a result, for each student, we reduce his’her ten scores on the DG tasks to four
factor-item percentage scores (hereafter abbreviated as Score |, Score |1, Scorell1, and Score V).

In order to involve the scores on the multiple-choice test in further anadysis of these scores based on
the factors, we work with the smaller sub-sample of 185 students (as explained abovein Section
3.1). Table 2 gives a summary of Scores | to 1V, which shows thar means lying roughly in the
middle and consderable variationsfor all but Score IV. Thelast onebehaves strangdy because, as
shown in Table 1 above Factor IV is condituted only by Task 9 on which more than two-thirds of
the students receive a zero score.

Table2 Summary Satistics of Sores| to IV

Score | Scorelll Score lll Score |V
Mean 052 0.58 061 0.28
Standad Deviation 0.34 0.25 0.34 044

To examine the relationdhips among the scores on different aspects, we have Table 3 which gives
the inter-correlations (Pearson@ correlation coefficients) between the score on the multiple-choice
test, the total score on the DG manipulative tasks, and the four factor-item percentage scores. The
weak correlationsamong the four scores themselves are expected, because the factors are resulted
from orthogoné rotation. And the modeately postive correlation between the total score on the
DG manipulative tasks and the score on the multiple-choice test has been reported above (Section
3.1). Now, we can also seetha al thefour Scores| to IV congstently show aweak correlation with
thetotal score onthemultiple-choicetest (#(183) areall lessthan .30 and significant with p <.01).



Table 3
Covariance Matrix for Scores on the Multiple-Chaice Test and DG Items, and Scores| to 1V

Multiple- | Scoreon | Scorel Scorell | Scorelll | ScorelV

choicetest | DG tasks
Multiple-choice test — 419" 268~ 292" 266 275
Score on DG tasks — 685" 553" 767 A1
Score | — 119 253" 208"
Scorelll — 234" 121
Score |l — 178
Score |V —
Note: n = 185.

**

Correlation issignificant at 0.01 level (2 tailed)
" Correlation issignificant at 0.05 level (2 tailed).

On the other hand, al the Scores | to IV are postively correlated with the total score on the DG
manipulative items, with varying strengths b from modeately postive (r(183 =.411) to strongly

postive (r(183 =.767), all statistically significant with p <.01. But it is interesting to note tha
both Scores | and |1l show a stronge postive correlation than Scores Il and 1V do: r(183 =.685
and .767 respectively for Scores | and I11, as compaed with »(183) =.553 and .411 respectively

for Scores Il and IV. In othe words the genea peformance in the DG manipulative tasks
correlates more strongly with Factor I11 (i.e. Tasks 3, 4, and 5) and Factor | (i.e. Tasks 6, 7 and 10)
than with the other two factors.

4. Discussion
4.1 Taking a Vantage Point

Judging from the average performance of the students as awhole, it is hard to say tha a mean score
barely above 13 (out of 24) indicates a very satisfactory result in those dynamic geometry tasks,
especialy for the present case wherein the students are generally consdered as high achieversin
Grade 6 mathematics. Whereas one could arguetha the DG tasks might be jug too novd for the
students to exercise thar current knowledge oneshould also notice a similar level of performance
(only a modeaate value of average score) in the multiple-choice test. To put it more postively, the
distributionsof the scores on both the DG manipulative tasks and the multiple-choice test, togeher
with ther respective means and standard deviationsas reported in Section 3.1, show tha the tasks
in general have been set at a reasonable level of difficulty and differentiate the students reasonably
well across awiderangeof scores. Thisisno doult adesirable condition for further anaysis.

At the same time, we observe a modeaately postive correlation between the peformance in the DG
tasks and the score on the multiple-choice test. Recall that, as mentioned above the multiple-choice
test, set as nontroutine problems albet in a traditiond pagper-and-pencil mode is largdy connected
with wha the students have learnt in such elementary mathematics as couning, enumeration,
arithmetic opaations measuring with areas and volumes, fractions and smple propottions This
correlation of only moderate strength seems to suggest that the DG manipulative tasks are probing a
kind of ability consderably different from the general mathematical competence recognized in the



traditiond curriculum. Obvioudy, this suggestion aigns itself with the nowadays common

undestanding about the nature of technology-based mathematics teaching and learning. In thear

find andysis of what digital technologies (such as DG software) can take from and bring to

research in mathematics education, Hoyles and Noss (2003, p.341) assert that D G-mathsis not the
same as maths pe se, and that D by implication D ndther is the knowledge tha learne's develop.O
The probem is. how different is it? Can we characterize it in oneway or another? While many

researchers have contributed much by giving quditative accounts in great detail of studentsO
learning and/or teachersOteaching in the DG environment, the quantitative findingsreported above
seem to have shown usanother direction.

4.2 Characterizing Students’ Performance in the DG Manipulative Tasks

One notable finding out of the factor anadysis above s tha four factors have been extracted from
the ten dynamic geometry tasks. Before we can interpret the factors, we should consder what are
involved in the DG tasks. We have aready provided two examples in Section 2.2 (which are
actudly Tasks 1 and 5 respectively). Within limited space of this pgper, we cannot show al the
tasks with tha level of details, but only providein Table 4 a brief description of what the students
are required to doin each of thetasks, grouped according to the factorsto beinterpreted.

Table4 Description of the DG Manipulative Tasks in Different Factor Groups

Task 7 | Make ahexagonwith two obliquelines of symmetry. Drag onevertex.

Fa(I:tor Task 6 | Make a hexagonwith two lines of symmetry. Drag two vertices.
Task 10 | Make aregular hexagonby intersectionsof six equal circles.
Factor Task 1 M_al_<e atriangk_e with area equd to {:\nolh_er. Drag _one\_/ertex.
I Task 2 | Divideaqualrilateral into four regionsin two parswith equd sums of aress.
Task 8 | Dividea sector into three regionswith areas in a given propottion.
Factor Task 3 | Make aquarilateral (andin turn atriangle) with a specific area.

" Task 4 | Make aqualrilatera congruent to another. Drag one vertex.

Task 5 | Make aqualrilatera congruent to another. Drag two vertices.

Factor Task 9 Adjug asguaeinsribed in another so that its areatakes up a certain fraction
\ ingde

It seems reasonable to consde a task in terms of the content knowledge In this case with
geometric tasks, we tend to organize them according to the geometric knowedgetha is involved.
For example, a glance of the tasks listed above in Table 4 may lead to an interpretation of the
factorsin thefollowing manne or aike:

Factorl:  symmetry of (two-dimensond) shapes

Factor Il:  areaof simple geometric shgpes

Factor I1: shgpestha are equd in areas and shgpes (congruence)

Factor IV: area(orisit fraction?

However, onee we have started this interpretation, we should come to two points of obervation.
Firstly, the basic idea of factor andysis is to classify into somewha indegpendent factors those
variables which are correlated. So, Factor IV (i.e. Task 9 only), thoughlargdy independent of the
other factors, should not be of any particular interest insofar as it does not correlate with any other
variables. Without any other task(s) for comparison within the same factor, we cannot identify



whether it congerns more with area or fraction or else. (Thus much less weight will be given to
Factor IV in subsequent discussion.) Secondly, a careful perusal of the contents should reveal the
inadequacy of such content-based interpretation of the factors. Althoughbasic undestanding of the
area of triangle (in particular, areain relation to the base and the corresponding atitudeof atriangle)
seems to play a central pat in both Tasks 1 and 3, they are statigtically assodated with different
factors. There mug be something other than the simple knowledge about the area of triangle tha
puts these tasks unde different factors.

In Task 1, as shown in Figure 1(a), two triangles ABC and DEF are given, the former beng fixed
and thelatter changegble. Students are asked to drag theonly movable vertex F so that both triangles
become equd in area. To arrive at such a triangle, a student can put the vertex F anywhere 4 units
from thebase DE. On the other hand, Task 3 (see Figure 2) dso cdlsfor thearea of triangle ABC; Yet

X=922
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B D 10.0

Figure2 Dynamic geometry Task 3: Pisonthehaght AD of triangle ABC. PD
isadjugable and BC = 10. Drag P so tha the shaded (red) areais 18.

with only the base BC given but the corresponding height unknown, the problem situaion creates a
need for the student to interact with thegeometric drawing. That is to say, athoughstudents have to
make use of thar knowledge about area of triangle in both Tasks 1 and 3, they may react to the
dynanmic figures in different ways. In Task 1, withoutany idea of putting the vertex F at a specific
heght, trial-and-error type of dragging on the point may notbevery fruitful. Thus theareaformula,
rather than the dynamic figure itself, should be crudal to the solution. In contrast, in Task 3,
notwithganding goodknowledgeof theareaformulafor atriangle, a student withoutany attempt of
explorative dragging P along AD would get stuck with the apparently missing information and the
shaded area would appear unknown throughout Unlike Task 1, students on Task 3 cannotjug read
thediagram and calculate the answer by ssimply knowing the area of triangle asa formula.

The above comparison of Tasks 1 and 3 casts light on our interpretation, granting us a perspective
upon something beyond content knowledge Jud as interactions or exploratory actions on the
diagram seem to play a cruda role in tackling Task 3, the same kind of exploratory skill is
important to successful performance in Tasks 4 and 5. Exploration by dragging a movable point is
in itself a means to better undestand how the geometric shgpe varies, and, through such an
interaction with the dynamic figure, comprehenson of the lengths and angles involved and thusa
correct compaison (for conguence) of shgpes is achieved. To our interpretation, this partly
explainswhy Tasks 3, 4 and 5 are assodated with each other to condgitute Factor 111. Neverthdess,
the same demand for exploratory skill is noticeable in other tasks such as Tasks 6, 7 and 10. But
while symmetry is an obvious characteristic of the tasks unde Factor |, we tend to bdieve tha



explorationin this case is geared towards possible variation of thefigure in search of amatch with a
visud image of symmetry, which is arguebly more demanding than the comparison of more
tangible lengthsand angles. This could explain, at least partly, why Score | islessthan Score 1.

As oppo%d to tasks associated with Factors | and 111, tasks unde Factor Il (such as Task 1 detailed
above may rely more on the ability or knowedge (e.g. applying the area formula) to work out the
numerical measure in need, rather than on the visud clues emerging from the interaction with the
dynamic figure. Tha is, dragging on and interacting with the DG figure is not necessarily the
crudal strategy. Moreover, noteworthy is tha this kind of reliance on formula works and
computation resembles wha students (at least those in Hong Kong) usudly get themselves trained
upin thetraditiond curriculum. It isthusnot surprising to have the abovestatistical finding tha the
genegd peformance in the DG manipulative tasks correlates more strongly with Factor 111 and
Factor | than with Factor 1I. When pursuing further how well each of the factors determines the
gened performance in theoveral DG manipulative tasks, we try dividing the 185 students into two
subgroups, highe-DG-score (>13, and n»=98) and lower-DG-score (<13, and n=87). An
independent-samples t-test with each factor, without assuming equd variances, shows a significant
difference in the factor-item percentage score between the two subgroups (for Factors | to I,
t(1796) =9.22, #(1527)=6.22 and #(158.1)=11.71 respectively, al with p<.0005). The

difference in Score 1l (difference = 0.45) and Score | (difference = 0.38) are much more subdantial
than in Scores |1 (difference = 0.22). Meanwhile, it is very interesting to observe ailmog thereverse
case (albet less prominent dueto the weaker correlation between the performance in DG tasks and
that in multiple-choice test) when we condud a similar indgpendent-samples t-test for the effects of
the factors on students with better and weaker paformance in the multiple-choice test. With two
subgroups higha-MC-score (> 50, and n=93) and lower-MC-score (<50, and n=92), the
difference is mog significant for Factor 11 (t(1811) =3.76, p <.0005) whereas it is less significant

for Factor | (2(182.4) =3.43, p <.005) and Factor |11 (¢#(1829) = 2.54, p <.05).

In short, Factor | and |11, both of which revolve aroundan ability (a strategy, or a willingness?) of
exploratory interaction, seem to be crudal factors deermining the peformance in dynamic
geometry. In contrast, Factor II, thougha condituent part in the DG performance, is connected
more with traditiond kind of knowledge based on formula works and computation. The above
results have also aerted usto the need for an improvement of studentsOcapability to explore and
visudize geometric propaties rather than mere computation with formulas. It is hopel tha the
above andysis and interpretation will hdp us undestand better wha congitutes the success of
students in thar peformance in the dynamic geometry manipulative tasks. This would in turn
suppot further integration of computer technology into the mathematics curriculum.
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