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Abstract: Mathematics training is essential for participationscience and engineering
careers, yet many students, especially girls, kiskind avoid math, and are therefore
unprepared for university science majors and gri@dpiedgrams. The goal of this project is to
increase students’ interest in math and their demnfte in their ability to learn math through
an intelligent, model-based multimedia tutor, Whkédéch. Based on a dynamically updated
student model, WhaleWatch selects problems of gpiate difficulty and provides help and
instruction as needed. The results of severaluatiah studies indicate that WhaleWatch
had a positive impact on students’ math self conesy beliefs in the value of learning
mathematics. These results also suggest benefiotakr modifications that will be
incorporated WhaleWatch'’s successor, AnimalWatch.

Increasing Girls’ Self-Confidence in Math

It is well documented that women are under-reptteskrn math and science career fields, a problem
that is getting worse instead of better in areab 13 Computer Science. This problem can béatéd in part
to math avoidance among girls, who frequently dvapof mathematics courses when they become optaina
the secondary level, and as a result perform ledsom math achievement tests (Beal, 1994; Belle&&fni,
1996). Because these same math courses are ps@texjtor most math and science careers, many fiirdl
themselves shut out of these fields early on. Bhenmost mathematically gifted girls have lesshnedining
and are less interested in science careers thaintake peers (Benbow, 1992). One phenomena ofted as a
turning point for girls in their math educationasdrop in their self-confidence that occurs betwsth grade
(11 years old) and 8th grade (14). Before fiftadg girls participate fully and perform as welltays; after
this period they lose interest.

A collaborative of researchers from Psychology, @otar Science and Education have joined in a
project to create an intelligent tutoring systerflechWhaleWatch whose goal is to raise girls’ sslfifidence
in their math skills during this critical period itheir development. Why an intelligent computetotf
Feedback from teachers, whether conscious or unmwss has been shown to reinforce boys’ selfidenice
while lowering girls’ (Beal, 1994; Boggiano & Batte1991). The WhaleWatch tutor is designed toehe
couraging of both girls and boys in its response.

An inherent danger exists, however, in addressiigyfroblem with computers — computer programs
have traditionally been designed by men, and tylgicsse competitive and excitement-oriented panadigo
engage the user. Studies have shown that girlsadras attracted to these paradigms, preferrisigaal activi-
ties whose content is less game-like and whictufeanore characterization and role playing. THeg &ke to
work together, interacting cooperatively rathemtltampetitively. WhaleWatch has been designed thiéise
features in mind, using the study of endangeredispesuch as Right Whales as a context for prolsigling



[1], and providing the student the opportunity toesela mentoring character as a guide through ttieitac
While it does not yet provide a good method fodstts to collaborate while working with the tutar are
exploring ways to incorporate this.

WhaleWatch is being developed with the collaboratad two local school systems, the Frontier
Regional Schools in suburban/rural Western Massaatta) and the Springfield Public Schools, and mrba
school setting also in Western Massachusetts. eTtves systems are an interesting contrast in deapbigs
and in the kinds of computer resources availabtesfodents, which provides a wide range of condgifor
testing WhaleWatch. We have tested a WhaleWatototype in four different trials in these systenesvieen
1996 and the present. These formative tests haldey encouraging data on the potential for bagsgjirls’
self-confidence in math, while at the same timéngj us critical feedback on the effectivenesstheftutor for
both girls and boys. This feedback will be incagied into the design of an expanded tutor undeeldpment
now called AnimalWatch, which will build on WhaleW¢h by adding more species and a broader rangathf m
topics.

WhaleWatch: The Tutor

WhaleWatch uses intelligent tutoring techniqueshédp students learn fractions, decimals and per-
centages at a 5th-6th grade level. In contrasbtomon drill-and-practice systems, intelligent tirtg systems
modify themselves to conform to the students’ lewyrstyles (Anderson, et al., 1995). WhaleWatchite
students with whole-number arithmetic problemsrideo to build a profile of what the student alre&aipws
and how fast the student can advance. Once tlierdtdemonstrates mastery of whole numbers, tloe tut
presents simple fractional problems that requioeeiasingly challenging application of the cognitaugbtasks
involved in solving the problems (e.g. adding fiama$ with like denominators, adding fractions witifferent
denominators, etc.).

Interaction between the student and WhaleWatchils dround word problems that are contextualized
using the endangered species theme. These inchekians about Right Whales’ feeding habits, migrat
patterns and population, as we see in (Fig. 1)ap&ics of whales are used to help set the scenstddents.
AnimalWatch will expand on this contextualizati@dding more narrative, using various other endatyspe-
cies, and increasing the connection between thblgmes and the students’ ability to manipulate thgeots
onscreen in order to solve the problems presented.

’! The first group of Right Whales

dtraveled 13 miles and the
second group of Right Whales
traveled 2 miles. How much

d more did the first group travel
than the second group?
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[1] Of all the sciences, women are best repredentbiology and especially environmental science.



Figure 1: WhaleWatch Tutoring Interface. The students asked to solve word problems about Right Whales, an
endangered species.

When a student has trouble solving a problem, Whateh initiates a tutoring interaction such as the
one shown in (Fig. 2) that provides tailored hizmsl guidance that helps the student work througiptbblem.
Similar problems involving the same subskills aneeg until the student can successfully work thebpems.
The example shown in (Fig. 2) is a tutoring aichédp a student understand Equivalent Fractionssolee the
fractions problem shown here, 1/4 + 1/2, the faardimust first be converted to equivalent fornes (ractions
of the same denominator). The window shown ovemtayhe picture of the whale is an interactive clafwr for
finding equivalent fractions. As the student cliaks the Up and Down buttons, the fraction is mii&gb or
divided. At the same time, the Cuisenaire Bars shander the fractions are divided into parts th@hcde
with the fraction above. For example, the bar unitier1/4 fraction in the top right is divided irfimur parts,
one of which is colored to show the fraction offgiven by the numerator one. By alternately miytiy and
dividing the upper and lower fractions, the studean use this calculator to find their equivalesrnis. Once
they are found, 1/4 and 2/4, the student can aelch #ind enter the answer in the boxes at the |efeinl the
main problem window. A correct answer elicits piositauditory feedback, while an incorrect answécitsl
encouragement to try again. The next problem theesit is given will be easier or harder, based hen t
students ease in solving this one.

This is how you would convert
the fractions to eqguivalent form.

Figure 2: WhaleWatch Hinting. When the student makes dakissolving a word problem, WhaleWatch offers s$iint
the right window pane that are designed to helgsthdent understand her mistake and master th&iBubgjuestion.

For WhaleWatch to be successful in its tutoringnitst maintain an accurate assessment of the stu-
dent’s strengths and weaknesses in this task don@ifine self-assessment surveys conducted asrggidiork
with WhaleWatch have shown that the tutor generatesore accurate assessment of each studentisesabil
than the students themselves (Beck, et al., 199K#pleWatch uses Artificial Intelligence techniquies
problem generation, hint selection and student hmgiéBeck, et al., 1997b; Beal, et al., 1998). Ititnedia is
used judiciously to engage the student by animadt@ygconcepts and providing interactive manipulsidesed
on those used by classroom teachers.



WhaleWatch Testing and Results

Classroom trials of the WhaleWatch prototype forpmses of formative evaluation have been con-
ducted on four occasions, three times in Deerfiatd, once in Springfield. Typically these trialsalve two or
three classes for as many as 60 students who @gattr for up to five hours (in 60- or 90-minuttisgs over
several days). Standardized tests of self-confidgiiccles, et al., 1993) are given by paper amtipas
pretests before students start the trials, andaftenward the same tests are given again. Imdutials we will
introduce standardized testing for math proficieasyvell. We briefly summarize results of thesagrhere.

Evaluation Study 1

The first evaluation study was designed to detegrifilVhaleWatch could in fact have a positive effec
on girls’ self-confidence. Results of this studgnducted with three classes in the spring of 18B@wed that
WhaleWatch did increase girls’ self-confidencesirag it to a level on par with the boys’. The bogsnfi-
dence level, which started out higher, remainedstrae (Beal, et al., 1998; Beck, et al., 1997akBetal.,
1999).

Evaluation Study 2

While the first evaluation study gave promisingutes it did not clearly show that the change insji
confidence was due to the help and guidance oftuter itself. To test this hypothesis, we desigraed
experiment in which half of the students from ealgss using the “tutor” would get all the help apddance
the system had provided in Evaluation Study 1 (teatment group), and half would get none of tlapHthe
control). This second group would see word probklatmout whales and could enter solutions, but wgatcho
feedback other than the answer was correct oriiecor In effect, these students were doing dntl-practice
while the treatment group would receive the fulhdiits of intelligent tutoring.

In conjunction with this evaluation study we adrstared for the first time an online Piagetian pete
designed to identify each student’s level of matiical cognitive development (Arroyo, et al., 1998a0yo,
et al., 1999b). Results of this test allowed usdoelate student performance and changes ircseffdence
with cognitive ability.

Results of this evaluation study, detailed in (Bestkal., 1999) held several surprises. Reasdyring
girls benefited from the help provided by the tutbough this was not seen as clearly as in Evalu&tudy 1
[2]. Boys, on the other hand, had their confideleels increased in the control condition (no tutelp),
while their confidence levadecreased in the treatment condition (tutor help). We hymstize that boys felt
constrained by the amount of time taken by hingimigts could be elaborate), and subconscioushepred not
to be slowed down. This would argue for changhng hinting mechanism to be less elaborate and alksw
termination of each hint during delivery. Animaltfais being designed to support this method diirign

Another surprising finding is that the tutor wassanbelpful to a group of students in the mid ranfe
cognitive abilities, as determined by the Piagefiegtest (Arroyo, et al., 1999b). These studgmésformance
using the tutor was increased significantly, wtatadents at the upper and lower cognitive range® wet
significantly helped. This suggests that we broaite scope of the hinting capabilities as we erdatimal-
Watch, producing hints that are more concrete hatluse interactive manipulables for the low cagaigability
students, while also providing more abstract amdbg}ic hinting for students at the higher end & tognitive
scale (Arroyo, et al., 1999b). An example of thiexfer, a more concrete hint, is shown in (Fig. 3).

This AnimalWatch hint employs Cuisenaire Rods, mecmnly used classroom manipulative. In the
simple addition-of-wholes example shown, the sttideassisted through the steps in adding 25 &ndUhlike

[2] It appears that the assignment of girls totomnand treatment groups, while random, producisdad samples.
Specifically, the girls in the treatment group hahfidence levels and pretest scores that werdfis@gmtly higher than
those in the control group. In fact, their cdefice levels before using the tutor were highen tha confidence levels of
girls from the previous yeafter they had used the tutor. This seems to have peabla ceiling effect on confidence levels
in the girls’ treatment group, preventing us froeeisg an increase corresponding to that seen ilu&ian Study 1.



WhaleWatch, which used a static set of valuestfohints, AnimalWatch hints will be passed the eslof the
actual problem the student is trying to solve. Endre Rods representing each value can be matgdutg the
student. Unit boxes are dragged into the lowdrtrmpx, where the sum box (shown here as zero)nadetes
a value for the number of Units dragged in. Sirylarods representing Tens are dragged into lovesiter
box, where their sum is incremented with each batris added. Next the student is encouraged t@mgmups
of ten unit boxes from the Units box to the Teng,kend then to move groups of Tens to the Hundbeds
(lower left). This form of concrete, manipulatideiven hint is designed to be particularly usefuktudents at
the lower end of the cognitive ability scale. Aaiwatch will include hint-selection capabilitieshat will
factor in differences in student ability (amondgeatattributes) and select hints that are morestacbthan those
in WhaleWatch.

= I =] B3

Drag the Drag the Drag the
large rads here! units here!

squares
here!

Figure 3: AnimalWatch hinting will be more interactive, @lling students to manipulate objects onscreenesdRplore
the concepts underlying operations on fractionsindals and percentages.

From WhaleWatch to AnimalWatch

Over the next three years WhaleWatch will be expdrtd include many of the new features described
above, and will also have more content added (&sing the average student contact time to 20 haunc)will
see the introduction of other endangered specieadded context, necessitating the name changenitoah
Watch. Larger scale trials with more contact tiwi# be conducted in Deerfield and Springfield dwithis
time.
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