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Abstract

Intelligent Tutoring Systems, while effective atogucing
student learning [2,7], are notoriously costly tonstruct
[1,9], and require PhD level experience in cogeitbcience
and rule based programming. The literature sugdés®]
that it takes at least 200 hours of work to builtidur on
ITS content. We have been engaged in buildingsttol
reduce the development time, by allowing authort wio
programming experience to build “pseudo-tutors” . [6]
Pseudo-tutors are ITS constructs that mimic cogmititors
but are limited in that they only apply to a singi®blem.
The ASSISTment Buildés a tool designed to rapidly create,
test, and deploy a very simple type of pseudo-tutailed
ASSISTments These tutors provide a simplified cognitive
model based upon a state graph designed for afispeci
problem. These tutors offer many of the featuresubd-
based tutors, but with shorter creation time. Thstesn
simplifies the process of tutor creation to allosers with
little or no ITS experience to develop content.e Bystem
provides a web-based interface as a means to &nddstore
these simple tutors we have callk8SISTmentd his paper
describes our attempt to make the process of dewgp
testing, and deploying content easy for teachers pvésent
data to suggest with thASSISTments Buildeve have
reduced the costs of building pseudo-tutors by ashnas a
factor of four. We have achieved this time reduttiwhile

at the same time making tools that eliminated tbednfor

Al rule-based programming.
discussion of the limitations and trade-off thavédeen
made.

Introduction

We conclude with some

knowledge; typically PhD level experience in Auiél
intelligence rule-based programming.

The Office of Naval Research funded Carnegie Mello
University and Worcester Polytechnic Institute teate
tools to reduce the cost of making intelligent tutg
systems. There are two ways to reduce these cdsesis
to make tools that are faster to use. The othéo imake
them easier to use, thus removing the need for k&l
Artificial Intelligence rule-based programmers and
cognitive scientists. The goal was to provide d to@llow
rapid content creation to users with little compigeience
or cognitive psychology background. Koedinger, v&le,
Heffernan, McLaren & Hockenberry created the Cagait
Tutor Authoring Tools (CTAT) that allowed the crigat of
what were termed “pseudo-tutors” [6]. Pseudo-titor
represent a simplified cognitive model that is cosgdl of
a state graph. This graph is finite, and each node
representing a possible state of the problem. Wdsgons
are represented by arcs in the graph, with speciier
actions triggering state transitions [12]. A usddcation
in the graph represents the problem’s current ,statel
student actions correspond to possible transititom that
state. Despite having similar behavior to ruleeobsitors,
pseudo-tutors lack the ability to generalize ovinilar
problems [5]. However, they can be designed talipte
certain behaviors and respond accordingly. CTAdwad
all this but suffered a few limitations. First,ezvthough
CTAT requires no programming, it still requires author
to download, and set up, an Integrated Development
Environment called NetBeans to build the interfdee the
students will use. We instead chose to allow tipsseido-

This research seeks to address the high develdpmen tutors to be built and accessed via a web-site.\iidte-site

time of cognitive rule-based tutors in Intelligenaitoring
Systems (ITS). Despite the effectiveness of madeing
rule based tutors [7], it has been shown that dgveént

time can be between 200-1000 hours per hour ofecont

created [1,9]. Creating cognitive tutors also rezpihigh

level computer science and cognitive psychology aiom

hosts the Builder Application as well as the servibat
allows students to access that content. A sedarithtion

of CTAT was that it was not easy to carry on atalig; so
ASSISTment added this feature by combining theestat
graph with a branching problem structure we call
“scaffolding”. Scaffolds are sub-problems usualgsigned

to address a specific skill needed to solve thdialni



problem. Scaffolding questions in turn contain thaivn
state graphs, and depending upon student acticafolsls
can branch into other scaffolds. TASSISTment Builder
was designed as a tool to create these types fiblsivag
pseudo-tutors and is the basis of our researcthe next
several sections will describe the ASSISTment systad
builder, before we report on 1) the usability of ystem
by teachers, 2) the time it takes to build contand 3) the
time it takes to tag content with knowledge compuse
We will conclude with a discussion of the limitai® of
this work.

The ASSISTments Project Framework

The ASSISTment Projectis research project by
Worcester Polytechnic Institute and Carnegie Mellon
University and funded by grants from the Departmeint
Education, the National Science Foundation. Thesionis
of the ASSISTment Projets to provide cognitively based
assessment of students while tutoring them. Thssiom is
supported by three goals [11]. The first goal igptovide
tutoring content to students. The second goal isréwide
useful and up-to-date reports on students to teachde
final goal is to provide the tools to allow teaché&r create
their own tutoring content.

The ASSISTmensystem provides assessment through
student reports to teachers. The reports are updateal
time, even as students are using the system. Tétensy
provides different types of reports to teachersetdasn
statistical analysis. Some of the most importapbres that
we provide are the predicted MCAS score for a sttide
student effort score, the predicted student perdioica
based on skills mapped to previous questions.

The final goal of theASSISTment Projeés$ to provide
teachers with tools to allow them to easily creztatent
for their own classes. The research involving the
ASSISTment Buildeis in support of this final goal. We
have created a web based tool that allows teathergate
content online at their own leisure, using whichreve
platform they have available. We make claims reiggrd
the ease of development for tA&SISTment Buildeand
present data regarding the performance of its users

Builder Interaction with the CTOP

At the core of theASSISTment Projeés the Common
Tutor Object Platform (CTOP), a lightweight componhe
framework for creating and deploying all applicagoin
the ASSISTment Projedtl0]. The CTOP was designed
with extensibility in mind it consists of a corejett model
and a data layer [10]. The core object model caostai
components considered to be universally applicebld S
software [10]. TheASSISTment Buildarses the problem
component and its subcomponents, the interfacetlaad
behavior. The interface subcomponent is made upghf
level widgets which are interpreted by the runtime
application for viewing and interacting with theeug10].
The behavior subcomponent defines the result cfction
on the interface; i.e. whether a specific answeresponds

to a transition to a new state in the state graphesenting
the tutor [10].

The ASSISTment Buildeallows a user to specify the
high level widgets to be used for an interface el &s the
properties associated with that interface. It dd@s by
using the Interface component API to provide a ftwased
GUI that exposes the configurable parts of therfate in
an easy to modify manner. Similarly, thESSISTment
Builder uses the Behavior component API to display the
state graph linking states and strategies in foased GUI
that is easy to update. Strategies currently supgor
include message strategies (messages that areayeidpl
when the user enters a specific answer or reqiredd,
and scaffolding questions, which are representeda in
nested list structure not dissimilar from a hiehécal tree.
The ASSISTment Buildealso updates the interface and
behavior as each one is changed.

Figure 1: The ASSITment.org web-site

Assistments

NEXT GENERATION

The Assistrnent system both "assists” students in learning Bth Grade Math, as well
as reporting to teachers an "assessment” of their knowledge.

MNeed an Account? Students Click Here Teachers Click Here

Assistments Login

School ldentifier: |fgms Helg

Screen Name:  |marny

WPI
Carnegie Mellon

Password:

The ASSISTment Builder

The main goals of thASSISTment Buildeare ease of
use and accessibility during content creation. iHitgal
prototype of the ASSISTment Buildewas developed
without the CTOP and suffered from maintenance and
stability problems. To address these issues owareb
focused on pseudo-tutors and used the CTOP componen
framework for ease of development and maintaingbili
The web was chosen as the delivery medium to miade t
tool immediately available to users. The only reguient
to use the tool is registration on our website;software
needs to be obtained or installed. Our primarysusee
middle school and high school teachers in the stdite
Massachusetts who are teaching the curriculum ef th
Massachusetts Comprehensive Assessment System; thus
the ASSISTment Buildewas designed with an interface
simple enough for users with little or no computeience
and cognitive psychology background. TASSISTment
Builder also includes other tools to allow teacher
themselves to create content and organize it into
curriculums and assigned to classes, all of whigh be
done by the teachers themselves. This provideshées



with a total web-based solution for content manag@m
and deployment.

Assistment Name : Item 19 G-2003(Congruent trianglesNew)RutaMod)
[Save] [EditKCs] [Edit Metadata] [Preview Item] [Create New Itam] [My Assistmants]

Metadata; [WP1 Certified]| [Source]| [s]| [2003| [19]] [Espring]| [N]

iang|l
A 2 %unat | Add Media (*.jpg, *.gif, *.png) Response Type:
Add Media (pictures: *pg, *.ong, ") TextFieldQuestion
Change Response Type:
[Delete Media]| [Replace Media] [Select an Interface: -]

Answer sorting method:

Sortalpha |

[save text]

‘ “ Total answers: 1 | | Correct answers: 1 | | Incorrect answers: 0 ‘

‘ “ Hints: You have not entered any hints yet.

[Create scaffold for this Question]

* Question 2: Which side ...

* Total answers: 3 | | Correct answers: 1 | | Incorrect answers: 2 ‘

Figure 2: The ASSISTment Builder

ASSISTments

The pseudo-tutors created by tA&SISTment Builder
are a subset of the tutors possible under the CT@Ese
tutors and pseudo-tutors are referred toASSISTments
throughout this paper.

An example of a basiASSISTments a top-level
guestion that branches into scaffolding problenzedding
on the student’s actions. To simplify content teathere
are only five choices of high level widgets for ih&erface
available to content creators: radio-buttons, golvn
menus, checkboxes, text-fields, and algebra telddi The
ASSISTment Buildealso allows users to add images to a
problem’s interface. A problem’s state graph cdssis
only two states. The student will remain in thitidh state
until they answer the problem correctly, or theye ar
programmatically moved forward. Other incorrectdsnt
actions will keep them in the initial state, but ymbe
mapped to specific tutoring strategies. Thesetegjias
include branching into scaffolding problems, or cfie
textual and/or visual feedback called buggy messaigat
address common student errors.

Scaffolding problems are queued immediately atfter
behavior consumes an interface action that resnlta
transition to a state containing scaffolds. Onenwre
scaffolding problems can be mapped to a specifiggl u
action. In theASSISTment Buildean incorrect answer to
the top-level problem or a request for hints onttelevel
problem will immediately queue a list of scaffolgin
problems specified by the content creator. Up@awaning
a scaffolding problem correctly the student is préed
with the next one in the queue until it is empWhen an
ASSISTmenthas no more problems in queue it is
considered to be finished.

insights into methods to solve the given problem.
Combining hints, buggy messages, and scaffoldsthiege
provides a means to creat8SISTmenthat are simple but
can address complex behavior. Content creatorsreate
complex tree structures of problems each with togin
specific buggy messages, hints, and possibly saffedds.

ASSISTment BuilderStructure

We constructed theASSISTment Buildeas a web
application for accessibility and ease of use psego A
content creator can build, test, and deployA&8ISTment
without installing any additional software. It &ssimple
task to design and test &SSISTmenand release it to
students. If further changes or editing are neetted
ASSISTmentan be loaded into thaSSISTment Builder
modified, and saved; all changes will immediatelg b
available in all curriculums that contain tR&SSISTment
By making theASSISTment Buildexvailable over the web,
new features are instantly made available to usétrsout
any software update. The central storagd®8ISTments
on our servers makes a library of content available
teachers which they can easily combine with theino
created content and release to their classes aaghrin
curriculums.

Another goal was to redesign tA&SISTment Buildeo
make use of the CTOP component framework. To @o th
the Apache Struts Framework was used in conjunetitin
the CTOP to maintain a strict MVC architecture.
following a strong Model 2 Model View Controller {&C)
design pattern extending tHeSSISTment Buildes also
easy. The CTOP is designed to be extendable weitih n
types of tutors, widgets, and user interfaces. The
ASSISTment Buildeis only concerned with a specific
portion of the CTOP, but whenever new widgets or
functionality is added all that needs to be donadding
new controllers and views. Sharing code betweean th
ASSISTment Buildemd CTOP means less code to write as
well as swift benefit from improvements to the CT.OFhe
decoupled nature of theSSISTment Buildexlso makes it
easy to change or update the web forms that asepied
to users.

By

Features

The initial view presented to users of tA8SISTment
Builder is a top level problem. The view has been
redesigned based on user input. At the very tophef
screen are several links to help mana@SISTmentS he
problem is blank and users can enter answers, buggy
messages, question text and/or images as wellletisg
the interface widget they wish. A content creatan also
add hints. However, hints and scaffolds are muguall
exclusive in the top level problem, and a user nsestct
either one for the top level problem. Each sectiothe
problem view is collapsible to allow users to cowmee
screen space.

The question section is the first section thatteon

Aside from buggy messages and scaffolds, a problem creators will usually use. This section allows seruto

can also contain hint messages. Hint messagesdgrovi

specify a problems question text using html andfages



as well as select the interface widget they wishige and
the ordering method used to sort the answers. eThe
currently three ways to order answers: random,addptic,
or numeric. This interface is shown in figures 8 dn

Figure 3: Text from a scaffolding question.

Figure 4: Adding media to a scaffolding question.

The answer section of the problem view allows @t&at
creator to add correct answers and expected irgtorre
answers. Users can map buggy messages to a specifi
incorrect answer. Users can also edit answers gglé¢o
their correct or incorrect status. The answer sacis
shown in figure 5.

Figure 5: Adding answers to a scaffolding question.

The hint section allows users to enter a seridsra$ to
the applicable problem. Hints can be reorderechis T
section contains an option to create a bottom it for
the user that just presents the student with thetiso to
the problem. This is shown in figure 6.

Figure 6: Adding a hint to a scaffolding question.

A typical ASSISTmenwill contain scaffolds and after a
user is finished creating the top level problemytiéll
proceed with adding scaffolds. The view for a fding
problem is exactly the same as that for the topellev
problem, only slightly indented to mark it as afédd.

Knowledge Component Tagging

The ASSISTment Buildesupports others applications
besides content creation. One of these applicai®rke
mapping ofknowledge componentsvhich are organized
into sets known astransfer models Knowledge
components are a means to map cersiiis to specific
problems to specify that a problem involves knogkeaf
that skill. This mapping between skills and proldestiows
the reporting system to track student knowledger tivee
using longitudinal data analysis techniques [3]. dn
separate paper accepted to WWW2006, we report @n th
ability to track the learning of individual skillasing a
coarse-grained model provided by that state of
Massachusetts that classifies ealhMICAS math item in
one of five categories (i.e. knowledge componentsur
project): Algebra, Measurement, Geometry, Numbeis8g
and Data Analysis [3].

The current system has more than twenty transtetets
available, each with up to three hundred knowledge
components. In order to more efficiently managedfer
models, the ASSISTment Buildemakes use of the
preference architecture, allowing users to spedifg
transfer models they will use. Once those are fipdcithe
user is allowed to browse the knowledge components
within each transfer model and to map the ones $kdsct
to the problem.

Figure 7: Tagging anASSISTmentwith skills

Evaluation Methods

We present two types of results. First we ingaséd
the wusability of the Builder by non-programmers.
Secondly, we investigated the amount of time ietako
build these types of tutors. To capture the titrtakes to
build these types of tutors, we need to capturetithe it
takes to create the content (i.e., write scaffgdjoestions,
hint messages and bug messages) as well as theittime
takes to tag items with knowledge components thathe
used to do intelligent problem selection as wellegorting



to teachers (described in the Knowledge Component a French course.

Tagging Section above.) Because tagging the krigele
components should come before writing the contesst,
first discuss that. In the ASSISTment system, wit bur
content based upon a group of 280 released iteyns the
state of Massachusetts Department of Education fsb
subject matter experts spent 6 hours tagging eédheo
280 items with up to three skills. At the endioé 6 hours,
the subject matter experts had created 93 skitlstagged
all 280 items with, at most, 3 skills per questioh.then
took another of 12 hours of data entry to put #mults in
the computer. So the total time spent taggingtéms and
putting the result in the computer was 24 hourghwut 5
minutes per item. But how much time does it takereate
the content? In 2004-2005, we created ASSISTment fo
these 280 items, and in [11] we report results shawed
that these 280 ASSISTment led to real student ilegurn

Unfortunately, when these 280 items were built the
ASSISTment Buildexas not logging the time it was used,
so we asked had to rely on self-reports. Our 4t madific
authors estimated an average time of between P &odirs
[which means that the 5 minutes to tag an itenotsarvery
significant piece of the time required so to buldutor].
We wanted to get more accurate results so we esigide
the ASSISTment Buildelog user actions while building
ASSISTments, and will report on the latest usagehef
ASSISTment Builddselow. Each log message contained
the action logged (e.g. editing a hint, adding @eoirect
answer, uploading an image, etc.) the user whopesd
the action, as well as a timestamp. We loggedttaation
and editing of various types oASSISTments Some
ASSISTmentwere simply a single MCAS problem entered
into the system with no scaffolds, hints, or bugssages.
Others were more typicaRSSISTmentghat contained
multiple scaffolds so report the number of scaffoldGome
were already builtASSISTmentghat were now being
modified with different numbers, otherwise known as
morphs Given that a significant portion of user time is
spent outside of theASSISTment Buildeplanning out
content and creating images we performed a sunidy w
content creators and asked them to estimate how timae
they spent building specific items in the logs. e¥twere
asked to break down the times according to timetspe
each task.

Results

Before reporting out timing results, we pause dport
on the results relating the reducing the cost bkinggit
possible for non-programmers to use the tool. Aersity
class at an education school with nine teachersalvbesto
use theASSISTment Builders part of a University course.
These teachers received about 4 hours of trainijnthé
first author. Various user-interface bugs werealigred,
but at the end of the session, these teachers areating
content. At least two of these teachers are stiking
content for 6 months after the end course. Onthede
teachers surprised us by using the builder to nitekes for

In another University setting had two
WPI students that were secondary math teachersca |
public schools, create content. In one 1.5 hoectian, we
observed in our lab the teacher creating 3 ASSISitsne
In the past a high-school mathematics teacher wkesta
create 15 items and morph each one, resulting in 30
ASSISTments over several months. Her training ctedi

of approximately four hours spread over two dayslich
she created 5 original ASSISTments under supervisiio
logging was implemented at the time so we don’tvkno
how long she spent to build the rest of the 30 AJ&tent.
Nevertheless, these anecdotal reports suggeswéatve
achieved the main goal of making a tool that non-
programmers can use to create content.

This then bring up the next major questions, whikh
how long does it take to create this content, anitl faster
that the 200:1 ratio suggested in the introductidrthis
paper? After we implemented logging by the buildee
obtained data for four authors who created a coeabiotal
of 25 ASSISTments that were deemed of sufficieralityy
that Prof Heffernan allowed them to be released to
students. Each of these users has a WPI studdnhah
created several ASSISTments and was familiar wigh t
system. These users self-reported timing data vss a
collected. The data is presented in table 1. Thenans in
the table are identified as followS is the number of
scaffolds in the probleml, is the author estimated time
spent creating images outside of &®&SISTment BuildglP
is author estimated time spent planning the ASSI&TmM
outside of theASSISTment BuildeB is the time the author
estimatedime inside theASSISTment Buildé¢o create the
item, andL is the time spent on th&SSISTment Builder
according to the computer log records.

It can be seen from the table most users alsodspen
non-trivial amount of time outside of thASSISTment
Builder creating images and planning the structure of the
ASSISTment. If we count only the time in the baildthey
spend only about 20 minutes to build an item, buiel add
on the self-reported planning and image creatiow tiwe
get an average time of about 1 hour to build am.ite his
is inline with self-reports from the authors thatild the
content for 280 ASSISTments reporting in [11]. flrad
the average time an ASSISTment provided contentvier
looked at the 600+ students that used the ASSISTmen
System reported on in [11]. We found that an
ASSISTment provided an average of 2 minutes of
instruction. The ration of 60 minutes to build an
ASSISTment to provide 2 minutes of content resulta
ratio of 30:1 which compares very favorably to #@0:1
ration reporting in [1,9].

Table 1: Time spent on 25ASSISTments

User ASSISTment S | P B L
C 1 5 3 10 30 60
A 2 3 3 0 45 18
A 3 5 3 0 25 19
C 4 3 3 0 30 33



A 5 4 3 0 35 37
A 6 3 3 60 10 17
A 7 3 3 0 45 14
A 8 4 3 0 30 36
A 9 3 3 60 10 7
A 10 3 3 0 25 17
A 11 4 3 60 10 16
A 12 3 3 60 10 8
B 13 3 40 5 15 17
B 14 3 40 20 10 7
B 15 3 0 7 5 27
B 16 3 50 15 15 13
B 17 3 30 10 10 11
B 18 6 150 40 30 25
B 19 4 60 15 10 14
B 20 5 40 15 10 6
B 21 4 60 20 15 10
D 22 11 0 5 50 40
D 23 1 0 10 10 15
D 24 3 0 10 40 30
D 25 8 0 10 30 20
Avg. 4 21 17 22 21

Conclusions

To discuss the limitation of our methods, we dd no
know if these ASSISTments it produces are as éffectt
increasing student learning as intelligent tutonmgduced
the more traditional approach. Our timing estimateuld
have been better with more complete computer laggin
data but given that it appears that using the builid
maybe a third of the average time it takes to baidtem,
we will still be left with accounting for the timeutside of
the tools. Another limitation to our approach hsitt will
hundreds of small ASSISTments, we now have imposed
upon ourselves more organizational overhead tobleta
keep track of all these ASSISTments, and that aoohdit
time is not well accounted for in these analyses, ke
think it's probably small.

This paper focused on reducing the costs to build
intelligent tutoring systems. In this paper wealid® our
web-based system that we have used to createigetll
tutors that have been shown in lead to real legrfld].

We reported evidence to suggest that it took oblyua 5
minutes to tag ASSISTments with the needed knovdedg
components, and only another 60 minutes or so eater
the rest of the tutor. Using the average of 2 meisiwof
student use per ASSISTment gives us a very faverabl
speed up compared to the 200:1 ratio from thealitee
[1,9]. We also presented anecdotal data that normal
teachers, not just rule-based Al programmers cotdate
these tutors, thus “Opening the door to non-prognars’.
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