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Abstract

Smart teaching systems offer a way for schools to meetlibkenges of providing
instruction to students with a diverse range of abilities, istereand needs.
AnimalWatch is an intelligent computer based tutor that providesithdilized math
instruction for 9-12 year olds. Math word problems are integrated imtativas about
endangered species, to engage student interest and help studentatapihecialue of
learning math. Student motivation and self confidence in math yabité fostered
through the selection of problems that provide challenge and the awusilabihelp
features that are tailored to students’ individual learning styen accompanying web
site allows teachers to download all or parts of the tutor, and psowdeiculum
information and discussion boards. Authoring tools available at the ielal®w
teachers to contribute their own word problems and to create theirAaimmalWatch
adventures.

Introduction

The chapters by Wright et al. and Greenfield et al. in this volpragide new
evidence regarding the rapidly increasing exposure that Amectuédren today have to
digital media, with the majority having access to computers laadnternet at home.
The same situation holds when children go to school: Almost 90% ofi¢éaneschools
are connected to the Internet, and most classrooms have atHeastmputer. Yet the
mere presence of computers in schools does not always mean thgprdmeise is
fulfilled. In fact, many teachers report that their computers are oftemuiiided. It can
be difficult to find software that is easy to use, effective, #uad will engage students’
interest, and that meshes well with the existing curriculur. toél often, the powerful
computers often end up being used for game playing or Internetigsad a reward to
students when their academic assignments are completed, or eegpeasive plant
holders or doorstops.
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At the same time that powerful computer technology is becomiorg meadily
available to schools, there is an urgent need for new approachedrtwtion that will
help schools meet growing challenges. These challenges inbleidesed to serve an
increasingly diverse student population. Students also now come to fcmoa@ wide
range of home backgrounds; some have considerable prior experiehceookts and
learning tools, whereas others need much more support in the tranisitschool. The
needs of students with special learning characteristics amdbildies must also be
considered. In addition, educators must also cope with rising etipastan the part of
parents, politicians and others about educational standards, and with theggposgsure
for accountability in the form of high stakes assessments amdefne achievement tests
even for elementary school students.

Computers and education, revisited

One possibility to be considered is that computer based teachitegnsymay
help educators to address more effectively the needs of all shelents, through
adaptive instruction. Computer based tutoring systems are not meéactj they have
been around for decades. However, their potential in terms &l athissroom use has
not yet been fully realized, for several reasons: First, agaptaching systems have
traditionally been very expensive to develop, and they tend to be,bmgkning that a
computer tutor that has been developed for one particular domain canreasibe
updated or modified by the teacher for another purpose. Thus, if tieetsaneeds or
goals change, the tutor becomes useless. Second, most sniangtsgstems have not
been developed by educators, so they tend to be “stand alone” applith&iba® not
consider teachers’ goals, and thus do not become well integratedhentongoing
classroom curriculum. Third, the need to provide support for users habvagts been
carefully considered. Few classroom teachers have the tiraeperience to debug a
piece of software that does not work the first time, or to pethigiugh arcane
installation procedures. Finally, until quite recently, there smmpére not enough
computers in most schools for the idea of providing regular instruegi@onomputers to
be plausible. Rather, a classroom might have had one machineulthserve one, two
or a small group of students at a time, making it difficult to gverhole class activities
around the tutor.

Although some of the factors that have limited the wide-spreadolusenart
teaching systems persist today, others are rapidly changmnparticular, the increasing
availability of hardware in the form of computer labs designesktoe entire classes has
made the need more evident for software that can provide individuatizedction to
many students at a time. Developments in the area of iattifitelligence and machine
learning have made it possible to design systems that can benosedlexibly. For
example, the intelligent teaching component of the tutor can now be oiearly
distinguished from the domain content, allowing teachers to add theinaterial, and
also customizing the pedagogy for different groups of studentswaitts, Underwood
& Grimshaw, 2000). The increased access to the Internet has itnpdssible for
systems to be updated frequently, and for teachers to use dediguthoring tools to
customize the tutoring system for their own needs (Ritter, Aoae Cytrynowicz, &
Medvedeva, 1998). Thus, the failure of the past in terms of the impact of computer-based
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instruction does not necessarily have predictive power for the fuiather, it is time
for a new look at how intelligent computer based tutoring systemist inéggable to help
schools meet the needs of a diverse student population (Andriessen & 15a18i98;

Beck & Stern, 1999; Bruer, 1997; Fletcher-Flynn & Gravatt, 1995).

The AnimalWatch project

The goal of the AnimalWatch project has been to develop a compwted ba
mathematics tutoring program for 10-12 year olds that can be itedgmto the
classroom curriculum and customized by teachers through an acoongpareb site.
The project involves an interdisciplinary team of computer scisntdevelopmental
psychologists, and classroom educators. Most of the team memisershad
interdisciplinary training and interests. For example, the commdience graduate
students who were central to the project also earnedgraduateesieigr education.
Classroom teachers were an integral part of the project, fromitia¢ design meetings
to the dissemination stage of making professional presentatioraiabal conferences
about the project. The overlapping backgrounds of the team pargipesiio ground
the project in the needs of the classroom rather than the laboratory.

AnimalWatch provides instruction in the mathematics topics most tdieght in
American fifth and sixth grades: whole number operations (addition, astibtr,
multiplication and division), introduction to fractions, and addition and subtraction of like
and unlike fractions and mixed numbers. The project’s focus on mathenaatithe
target domain for smart teaching came about for several reasiosis:it ks an area of the
curriculum in which American schools tend to falter. Internationaingarisons
consistently indicate that students from the United States pedbrbest only on an
average level in math, and often, far below students in other couriiése same time,
there is an urgent need for a technically skilled workforce, a the¢ds now being met
in large part by the importation of mathematically proficiemrkers from other
countries.

A second reason for the focus on mathematics is that teachgueiiitly reported
that they would appreciate support in this area of the curriculunmy Meachers at the
elementary level, most of whom are female, feel under-pregaréglich math; at all
levels there is a shortage of well trained teachers of maes. The response in
teacher education programs has not always been productive. Fagolexame of our
project members gave a guest lecture at an institution that fpo¥pstudent teachers for
math lesson planning by having the students write poetry about their feelings altiout m

The third reason for our focus on mathematics was that thenmpoetant issues
of equity that remain to be addressed in this domain (Beal, 1994sEclacobs, 1986).
Specifically, although female students now enroll in almost asymaath courses as
males, the long standing gender gap in math achievement testtsperBhere is also
reason to be concerned about female students’ level of competenaghinparticularly
when they must work under time pressure or transfer skills to preletpreviously
seen (Willingham & Cole, 1997). A related concern is that enrollment bydeshalents
in careers that require mathematical proficiency remain®uliagingly low. Educators,
researchers and funding agencies have called for new approaches to itegHearaing
that can engage more students, particularly girls and women.
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Theoretical framework

The overall design of the AnimalWatch tutor reflects the thealdramework of
Eccles, Wigdfield and their colleagues (Eccles, Wigfield, HBr&8 Blumenfeld (1993).
Specifically, students’ motivation and in turn their achievementparticular academic
subject such as math is thought to reflect their attitudes abodbthain, including their
liking of the subject, their belief that it is important and valaatd learn, and their
concept of their own ability to master the subject. These catstnomay vary
independently. For example, a male student might dislike math buthiseit is
important to learn and believe that he can succeed with effortreadhea female
classmate might dislike math, and feel that it is not impoftartter but believe that she
could master the material if she tried. Extensive work byleScand colleagues has
shown that students in elementary school and beyond can accurately repottitindésa
and that their attitudes are related to motivation and achievemergth as well as other
academic domains (Beal, Beck & Woolf, 1998).

One implication of the Eccles et al. theoretical framewoikas computer based
teaching should help students see the value of learning mathembtiaccomplish this,
math problem solving in the AnimalWatch tutor is linked with real world infoionadand
problems are embedded in real world contexts (Cordova & Lepper, 1996).of @ne
partner teachers, a master teacher of fifth graders knowrefowork on environmental
science, first suggested the idea of creating math problems amdangered species
(hence the name, “AnimalWatch”). This was an inspired suggebgoause, of the
sciences, environmental biology is equally appealing to both male aradefstudents.
We began by creating mathematics word problems about the AtRigint Whale, then
added problems about the Giant Panda, and the Takhi Wild Horse (also kadha a
Przewalksi Wild Horse).

Students log onto AnimalWatch, choose a species, and are greeted with a
personalized letter inviting them to serve as a wildlife biology consuwithatwill help to
assess the status of the species. Students then are presémn@deavies of math word
problems about the species. For example, a student working on the \Ringté
adventure might view a problem about the average distance travelathyen the
whales’ annual migration down the Atlantic coast. Each probseatcompanied by an
image that serves as an illustration, or that presents infiorma¢eded for the problem
such as a graph, chart or other data sources that the studee&araste to find relevant
information. The content information represented in the word probleassascurate as
possible: the distances are factually accurate; sizes agttsef the animals are within
known ranges, related historical and geographical information is correct, and so on.

Adaptive teaching in narratives

Students reported that they enjoyed working on math about the endhngere
species and that they felt that it was a good way to learmematics. However, in early
field trials with the AnimalWatch tutor, we found that simply Wiog on an indefinite
series of math word problems was not sufficiently engagingttalents; they needed to
have some sense that they were making progress as they workedid YWt want to fall
into the usual trap in software development of making the prograoma competitive
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game, because this tends to appeal much more to boys than gitier, Re decided to
merge the word problems into a narrative through which students woulegsaas they
worked on math. Each narrative currently has four sections or “cehtdxor example,
the Takhi Wild Horse story begins with word problems concerningkdraund
information about the species, its history, and its distinctive clesisteccs. Then the
student moves to a section on Mongolia, the original home of the Ta&imijng about
its history, geography and culture. The third context focuses on leoWatthi horse was
saved from complete extinction through the efforts of zoos around thé. warthe final
segment, the student takes a virtual trip to accompany a growpgdohorses that are
being returned to a nature reserve in Mongolia. Each context hdistiactive
background color, and the transitions from one context to another areitgxptiarked
by text screens congratulating the student on his or her workn&noducing the next
section of the adventure.

Although we found that the addition of narrative to the tutor was véegtafe,
one challenge presented by this strategy is how to move all stuslerst through the
story even though they may be working on different areas of maties. That is, a
student who is still struggling with multiplication should ideakyach the final segment
of a story in roughly the same amount of class time as aneéds who has moved on to
fractions. Or, as we say in our project, “everyone has to géteobadat”, referring to the
Right Whale narrative which culminates in the student going ortwal/iwwhale watching
trip. Our reasoning was that it would not be helpful to students’ demde and
motivation to be stuck in the first context while a student in thacadi seat had
completed the narrative. This was of particular concern besaeidead observed that
students did frequently lean over to the next computer to see \ssimates were
working on.

In order to be able to adapt the narrative to students working arediffmath
topics, we had to make the problem set space deep as well as W is, word
problems were required not only for all the math topics in our talg®iain (addition
through mixed numbers), but each topic had to have 4-6 word problems foisecgon
of the story, to ensure that a student who had reached the end of yheosidrstill be
solving addition problems if necessary. Sometimes, it was angalito find real world
content that would support this problem set depth; to put it bluntly, tmererdy so
many math problems about whales that one can think up. One stvedsdgy include
problems about related topics such as history (e.g., some Takhi Nuisks were
captured by the Nazis in the Second World War), geography and ddtgrenomads of
Mongolia), and other species (e.g., how the loss of the Mongolian stézealso
affected the Snow Leopard) in order to broaden the scope of our problem set.

A second strategy was to use problem templates that could dxk ifill“on the
fly” with specific numbers, rather than relying on a fixed sétcanned problems.
AnimalWatch uses hundreds of problem templates, each with a rangessible
numerical values that are realistic given the problem cont&hen a problem of a
specific level of difficulty is needed for a particular studehe system searches a
candidate space of problem templates (e.g., the set of twordidfiplication problems
available for that particular part of the story), selects amgl fills it with specific
numerical values that are appropriate for the student’s cuenegitdf mastery. Creating
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novel problems as needed increases the flexibility of themsyastel helps to ensure that
there are enough problems available at different levels of difficulty.

Adaptive teaching strategies and mechanisms

The theoretical framework guiding the AnimalWatch project insplibat
teaching methods should encourage students to believe that theyacandikéicult
academic subjects, given sufficient effort. This is espgciailportant in the area of
mathematics, because American students tend to believe thatsmatlss is due
primarily to natural ability and that if they make errors, thayst not be smart enough to
understand the material. AnimalWatch addresses this issueebgning mathematics
problems that are targeted to the edge of the student’s eepesthiile also providing
substantial help and problem solving support as needed to ensure sudwesdility of
the computer to assess and adapt its instruction on a minute by asigels a major
advantage compared to traditional classroom instruction with one teaohéng with
groups of students. Studies in other domains suggest that the peesbmaditruction
provided by an intelligent tutor can dramatically accelerataileg, because the student
works on areas at the edge of his or her understanding, wheadd®rnal instruction
moves either too quickly or too slowly.

The selection of appropriate math problems in AnimalWatch is digtednby its
student model function: an artificial intelligence module that “knoth& mathematics
domain and creates an estimate of what the student understandésdafnhin. This
estimate is continually updated as the student works, relying onsemade during
problem solving and latency to enter a response via the keyboardstuflent makes
many errors on a particular problem, AnimalWatch will present@ngiroblem of about
the same difficulty, or even move backwards through the curriculum tetsimg easier,
both to check that the student actually has the prerequisite knowsedben the
assumption that a bit of success in problem solving will booster cangdelf a student
solves a couple of similar problems quickly and without errors, AWifatth estimates
that the student is ready to move on to problems involving a new nmetiheraperation
or a new level of difficulty.

The ability to adapt instruction depends heavily on a good estimatbeof
student’'s comprehension. Yet determining what a student actually stamtds is
technically quite difficult. Whereas a human teacher would be tbleonsider
behavioral observations such as expressions of puzzlement and direlcinguiesin the
student, the computer tutor only has access to fairly crude ihdwegsures such as the
latency of response and number and type of errors in order to dieastimate of
student competency. These data are noisy; there are considediittual differences
in how quickly and accurately students work. For example, some stuugrigate the
keyboard more expertly than others. Also, a small computationstakei at the
beginning of the problem solving process can drastically imgectime required to
solve a problem, but this does not necessarily imply that the stgdseriously confused
about the mathematical concept. Thus, AnimalWatch must continuadiyate its
predictions about the student’s behavior on a particular problem tigdiasthe student
actually does and adjust its estimates accordingly.
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Adaptive help

AnimalWatch provides help when students make errors, in the fornsioffe
text hint on the screen, a demonstration of a procedure such asadigihg, or a series
of instructional screens to prompt the student in the right directibthe student still
does not arrive at the correct answer, increasingly specific helfgisaintil the student
gets the answer, even to the point of presenting the answer imtharda of the screen
and requiring the student to reenter it in the problem solution arbas, the student
never fails to solve a problem when working with AnimalWatch; wiates is the
amount of help and scaffolding that is needed.

Types of help in AnimalWatch

Responding to student problem solving errors offers another chance
AnimalWatch to adapt its instruction. The tutor has a battergvaflable hint types
which range from simple message hints to highly structured radedactive hints that
walk the student through a procedure such as finding the least comuaoitplenfor
unlike fractions. The choice of which hint to present for a pdarcstudent on a
particular problem is guided by the student modeling function, sutgesbme broad
constraints. First, when the student makes an error, he orrsheefieives a simple
message hint such as “Try again!” or “Are you sure you aredrtonadd (problem
guantity 1) and (problem quantity 2)?” These simple message hayteioh appear to be
particularly helpful at first glance; however, we have found thmabst half of the errors
made by students are corrected on the next step after a simegkage hint. Minor
calculation errors or the choice of the wrong operation can bectedr easily by the
student, and we have some reason to suspect that extensive helpegresemjuickly
may undermine students’ math confidence. Therefore, more detailisdare reserved
for problems on which the student has made several mistakes, witlsgecificity
increasing as needed.

The more extensive hints used in AnimalWatch range from feangcrete, highly
structured and interactive (meaning that the student is required to makemalhgteps)
to more abstract, procedural hints. For example, a student who kdasemars on an
addition problem might see a concrete hint screen in which the twoitgsarare
displayed in the form of screen objects such as blocks that cdrad¢pged and dropped
together into groups of ten that in turn become rod units. Dragging and dydjppin
screen objects parallels the grouping of concrete manipulativéisei classroom, and
helps the student to observe directly the physical regrouping shegpresented by
numerical digit carrying and borrowing (or trading). In anotheecéhe student who is
struggling with a multi digit subtraction problem may receiyga@edural hint in which
the borrowing algorithm is displayed step by step. Generally speakimgalWatch has
a bias to first draw on concrete hints to help the student, and gsadhdtl to more
abstract, procedural help as a topic (e.g., multi digit additiomastered. However, this
is somewhat constrained by the particular topic and the leywiobfem difficulty. For
example, if the student is working on a four digit addition problem, rieguihe student
to drag and group thousands of blocks would be impractical given limitsnenand
screen size, and so the abstract-procedural hints must be used instead.

for
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Adapting to student learning styles

Much of our research with AnimalWatch has focused on how the tutoadapt
its instruction to students on the basis of gender and cognitive deeitginstage
(Arroyo, Beck, Schultz & Woolf, 1999; Arroyo, Beck, Woolf, Beal, & SchuR900).
With regard to gender, other researchers have reported differenttes strategies that
male and female students prefer. Even though both groups may be diyedllyo
arrive at the correct answer, the approach adopted and the tinme nelye be quite
different. In general, it seems as though female studentsdemdlyton more concrete
and complete strategies, such as counting on fingers, or setting tipresjaad working
out full solutions step by step (Carr & Davis, in press; Fennéagpenter, Jacobs,
Franke, & Levi, 1998). These approaches tend to be accurate lafteareslower than
guessing and estimating, retrieving answers from memory,asonéng on the basis of
past examples of similar problems, all strategies thatnmae commonly observed
among male students (Mills, Ablard, & Stumpf, 1993; Royer, TronskynClackson, &
Merchant, 1999). Therefore, what constitutes effective instruchomath may be
somewhat different for girls and boys. For example, hints requthegstudent to
perform multiple problem solving steps without guidance may be fesgiee for girls
than the more concrete, structured hints that involve manipulating screen objects.

Another potential predictor of response to hints of different typ#sistudent’s
level of cognitive development. This is particularly importanttte transition to
adolescence: in a class of 11-12 year olds, some students thhg sii the concrete
operational stage, reasoning about problems on the basis of directatibserwhereas
others may have moved into early formal operations and be capabierefabstract,
hypothetical reasoning. The variation in cognitive developmeatadl Ican present a
challenge to teachers in terms of selecting the right formstfuction in math. Students
who are still reasoning with concrete examples may bemméite from screen
manipulatives, whereas their formal operational classmates fmdydragging and
grouping virtual blocks to be tedious and less helpful than a dynameensc
demonstration of an algorithm for carrying.

To investigate the impact of different hints as a function of geadd cognitive
developmental level, we analyzed student problem solving data thalusmeatically
collected by the computer as students work. The primary data inbtoe@equired to
solve problems, the number of errors made, and the student’s respomngs,tmbaning
the probability that a hint on one problem was followed by problem so$tingess on a
subsequent problem of similar difficulty. In one study, fifth granlelents worked with
AnimalWatch for three sessions over the course of one week. ANBtch was
configured with a strong hint selection bias either towards rims were highly
structured and concrete, or hints that were more abstract and paddachature. Hints
also varied in the degree of interactivity required from the studamts that are highly
interactive are also highly structured and walk the student thréwegbotution process in
incremental steps. We hypothesized these would be more helpful to girls.

Hint effectiveness was assessed by comparing the numberoo$ enade on
subsequent problems of the same type, the idea being that ificulparhint is helpful
then the student should be able to move on to solve a similar problersigviificantly
fewer errors. Students’ cognitive developmental stage wassests via a computer
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presented battery of Piagetian reasoning problems. At the ethé afctivity, students
completed a survey about their AnimalWatch experience, includingtigas in which
they were asked to rate the helpfulness of the different types of hints thaathey

The results indicated that male and female students did have different responses
the hint conditions. Specifically, girls made better progre$s hints that were highly
structured and interactive, in terms of a lower error rate on guéset problems. In
contrast, boys tended to prefer and make more progress when thewbmtdess
structured. The students’ cognitive developmental stage was algortamt in
determining response to hints. Not surprisingly, both boys and gittavet cognitive
development needed more hints to solve the problems than students who maeddtva
the stage of formal operations. The concrete operational studsotbemefited more
from more concrete and structured hints, whereas formal operasinici@ints performed
better with more abstract, procedural hints.

Interestingly, students’ perceptions of what they found to be helpfubtchelpful
were fairly accurate. Students were shown screen shots of vamissand were asked if
they had seen such hints, and if so, to rate how helpful they had beenwakeretrong
effect for girls between their cognitive developmental stage thanl views of how
helpful the different hints were. Girls who were still at domcrete operational stage
rated the more concrete, highly structured hints as being much helpiil than the
more abstract feedback, and as noted above, the structured hints ditvioria better
for these students. In contrast, girls who were at the fornggitoee stage were more
likely to think that the more abstract hints were most helpful. \Mais particularly true
for hints that focused on multiplication and division.

Overall, the results indicated that not only is adaptive feedbapkciedly
important for girls, certain specific types of feedback aréepred by girls. This pattern
paralleled an earlier study in which the fully adaptive versiorAmimalWatch was
compared to a no-help version in which problem solving errors weetegravith the
response, “Try again”. In this case, girls’ performance fadteronsiderably in the no-
help version, whereas the impact on boys was much less drammatiatrent studies, we
are investigating whether information about the student usersgend assessments of
his or her cognitive developmental level can be directly intedraito AnimalWatch in
order to guide its hint selection.

Using past performance as a guide to adaptive teaching

Another way to improve the adaptivity of intelligent tutors such aisnalWatch
is to use data from past users as an additional guide to opteniz@rng decisions. That
Is, the problem solving performance of hundreds of students who have used
AnimalWatch in the past can serve as a database resoutbe &iudent model function:
When an estimate is made of a student's knowledge and a problemlesed,
AnimalWatch can use its “knowledge” of past students with siresimated knowledge
to gauge the likely outcome of the problem solving process and ndafkstraents as
needed. Thus, as more students use the system, its teachingnaec®rcan be
continually refined and improved; it becomes increasingly likely e system will be
able to find a past user who has a problem solving profile sitoildre current user and
to evaluate the probable impact of a teaching decision based on past outcomes.
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One constraint on this approach is that as the number of stored prediieny
records increases, the time and resources required to searchatiee af problems
expands dramatically. Given that AnimalWatch is being used afy feow-end
classroom computers and must reason in real time while the susdnis waiting for
the next problem, the search must be pruned. Techniques such as caltohésused to
limit the search space while maintaining the predictive poWehe past-performance
database (Beck, Woolf, & Beal, 2000).

Adaptive support for teachers

Smart teaching systems will only have wide impact in the classroom it#melye used
flexibly and can help teachers achieve their own goals. One strategxaied into
AnimalWatch is the ability to adapt the story line to the amount of time awafiabthe
student to work. In our field trials, students have typically worked with Animilh\far
several sessions, the length of which varies across grades, schools, and evehewithin t
school day. To increase flexibility, the duration of each context can be adjusted by
specifying the number of minutes or number of problems in each, so that the adventure
can adapt to fit the anticipated time available. Also, when students have compéeted on
narrative, they can choose another species and begin another narrative. érhendly/st
keep them at their current level of mathematics problem solving; they do noot\stgrt
with simple addition in the new story but rather are presented with problemg &mila
difficulty to those that they worked on at the end of the previous story.

One long term goal of the project is to increase teachersityatm adjust
AnimalWatch’s teaching without having to become computer prograsamédeally,
teachers could specify a goal and allow the tutor to figure out haactumplish the goal
on its own. As an initial step towards this goal, Beck desigmadchine learning agent
that would accept a specific teaching goal and then use storeninpemte data from
hundreds of past users to run simulations that allowed the tutor noitgeif to make
appropriate teaching decisions. Beck found that the machine leavensgpn of
AnimalWatch could significantly reduce the time needed for studerisogress through
the mathematics curriculum (Beck et al., 2000). Although not currengigtical for a
classroom based tutor due to the intense processing demands, thisclapgroald
eventually allow teachers to enter a teaching goal and allomaWatch to evaluate
and modify its own performance accordingly.

Another strategy to promote adaptive use by teachers is thiabahtgi of
authoring tools and support through the AnimalWatch web site. Heehersaare
provided with options and strategies for customizing the program aeddaxg it to
meet their specific needs. The web site provides information ahewurriculum and
options for downloading the program (although the very large numbaragfes makes
distribution via CD-ROM more practical for most users). A Hlinldoard allows
teachers to share ideas about ways to use the tutor and to dibatisgeeds to be fixed
or improved, and what new features would be worth adding.

Most importantly, teachers can propose new word problems and isesges or
upload their own graphics to accompany the problems. The web disigned to make
the word problem authoring tool easy to use, and the overall philosopipgissource,
meaning that although researchers provided the initial contentartper lcommunity of
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users will expand the content. An important part of the open sourasgplily is that
users should evaluate the development of AnimalWatch, judging whaeprelare the
best to download, what people are the most reliable creators of word problemé$j@nd w
adventures are most effective for use with students. To accomiiis, rating
mechanisms are provided, along with a discussion forum in whichelesacan comment
on the features of the system and contribute ideas about how tceffeetively in their
classrooms.

Thanks to the independence of the intelligent teaching component frem t
stories, teachers can create their own endangered speciesusglvelhese functions
allow teachers to customize AnimalWatch to fit their curdoul For example, if a
teacher is developing a unit on Borneo, he or she might creatdvantare about the
orangutan, including maps and background information about the country gejitie.
Although the original focus of AnimalWatch was on mathematicsitigpthe inclusion
of real world content would support interdisciplinary projects inctaesroom, including
email contact with experts, environmentalists, and students in cautitaieare home to
the endangered species under study.

Summary

Cognitive strengths, motivation, and interests vary dramatiéaliy one student to
another, even if they are the same age, and these charasteafftct the success of
classroom instruction. The notion that instruction should be adapted to intByiduat
least to groups of students with similar characteristics|dmgsbeen valued in education
(Snow, 1977). Increasingly, computer based tutoring systems offay éovaccomplish
this goal. Smart teaching systems have long been able to &#jaking on the basis of
student performance, for example, by adjusting the difficulty ablpms if necessary, or
trying a different type of hint, or returning to an earlier ¢ajoi review a critical concept.
In addition, new approaches in intelligent teaching systems leading to the
development of tutors like AnimalWatch that can consider the learsiylg and
cognitive stage of the student as a guide to teaching decisions, and thatuatobegzed
and extended by teachers. Although it does not seem likelyahmgauter based systems
will ever entirely replace human teachers, it does seem protiadtlsuch systems will
become increasingly important as tools to enhance education and support teachers.
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