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Abstract. We explore Al-based methods for analyzing and visualizin dal-
lected from on-line assessments of young students’ numeratyitaracy skills.
Traditionally, educational assessment data is reportetiérfdrm of test scores,
often two numbers that each represent a student’s achievemability in mathe-
matics and language. However, state-of-the-art, adaptivene environments are
gaining favor for student assessment and these types ohsystbtain a wealth
of data. Distilling these robust data sets down to two numiesslts in great loss
of information; and we have been exploring richer ways of @néiag and analyz-
ing these data to allow deeper understanding of studentipeaice by teachers,
parents and education researchers.
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Introduction

State-of-the-art, adaptive on-line environments areiggipopularity as an effective and
engaging method of student assessment. These types afnsygather robust, multi-
dimensional, time-tagged data sets, yet still report tesabst frequently in terms of one
or two statistical values indicating the number of questiarstudent answered correctly
and how that score compares within the student’s peer gidephave been exploring
richer ways of presenting and analyzing these data set$ipt® deeper understanding
of student performance by teachers, parents and educaseanchers.

The work discussed here involves data collected by an @whulti-dimensional as-
sessment tool called the Children’s Progtessademic AssessmentgAA) which cov-
ers concepts that are essential to early childhood develnprtt is grouped arouncbre
conceptsn language arts and mathematics: listening, pre-readipgabet knowledge,
phonemic awareness, reading, writing mechanics, numbdrguantities, numeracy, op-
erations, measurement, and patterns. These concepts hasencto reflect US national
and state academic standards for language arts and maitefioatpre-kindergarten
(age 4) through second grade (age 8). In addition, the sganiorics for these core con-
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Figure1l. Example from thecPAA assessment todlhe initial question is a simple subtraction problem:
6 — 2 =7 If the child answers the question correctly, she moves on to more aelyanbtraction
scenarios. Otherwise, each incorrect response provides hints @ tpeicthild to the correct an-
swer. For example, if the child answers &) 2 = 62, then she is presented with a concrete hint:
(b) “Here are six balls. If | take away two balls, how many balls would yaue?” On the other
hand, if the child responds (€)— 2 = 8, then she is presented with (d) a particular hint that is
designed to direct her attention to the fact that this is a subtraction problem.

cepts are calibrated to individual state standards reggueind-of-year expectations for
each grade. The core concepts are divided jimime questionsvhich address specific
concept components. For example, phonemic awareness gisechof prime questions
related to rhyming, initial sound, blending, and syllabbelsting; numeracy consists of
individual questions related to correct order, ordinakityd numerical comparison.

The prime questions are organized within the assessment adaptive manner.
That is, if a child answers a particular prime question adtyethen she would receive
a more difficult prime question. For example, if a child iseat® correctly answer that
3 + 2 = 5, then she might be presented with a single-digit additicestjan resulting in
a double-digit sum (e.g8+ 5 =7). On the other hand, if a child has difficulty answering
any question, then she receiveBiat—the same question again, presented in a different
format. For example, a child might see the quesBion 2 =7 presented in a vertical
format. If the child continues to have difficulty with the cati®n, then the question might
be presented with concrete examples, e.g., “Here are tlalte I | give you two more
balls, how many balls would you have altogether?” An exangphown in figure 1.

The content of each assessment is organized uslagiee data structure (see fig-
ure 2) [9]. This is a schematic of the underlying organizati the assessment’s ques-
tions. The lattices are created manually by the assessrasigirs and are stored in a
hierarchical database. When a student takes the assesssaenér interaction data is
collected: user-identified and time-tagged journal estifelicating which question was
asked and the answer provided by the student.

Assessment results are reported to teachers in several Batalednarrative re-
ports outline the performance of each student, divided into easticorresponding to
each core concept covered by the assessment. Summary awagrion an individual
student and a whole class of students can also be viewed hgdhker. However, the
amount of information detailed in the narrative reportsioaverwhelming, particularly
when a teacher has many students in her class. In additematrative reports do not
give comparative information indicating how well (or pogrh student is performing in
relation to the rest of her peer group. While classroom taadce interested in access-
ing and understanding the wide range of data collected bg#ha@, they lack the tools
or skills or experience to manage all the data that has bdkttEu. The work described
in this paper outlines our efforts to explore new Al-basedhods for analyzing the data
and communicating the results of the analysis to teachers.
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Figure2. Sample latticeEach node represents a question in the assessment (the actual dateeid bla
out for privacy). The arrows (links) indicate the direction in the lattice thatstudent moves if
she answers a question correctly or incorrectly. The links pointing uprizdntally are taken if
the student answers a question right. The links pointing down are follovibd Btudent answers
incorrectly, in which case the “hinting structure” inherent in the definitiothef lattice kicks in
and the student is asked the same question in a scaffolded form.

Data Analysis

We take an Al-based approach, viewing each student as if sheamobile agentvan-
dering around éandscapehat is defined by the lattice structure. Using this perspect
we can analyze and visualize the data in a number of ways sasilded below.

On top of the lattice structure, we overlaycancept graphas described in [2]. A
“concept” is defined as an atomic bit of knowledge within a domand theoretically, an
entire domain can be represented as a graph of concept® adugr concept is illustrated
by a node in the graph. Links connect the nodes and have akatd/weights associated
with them, where the weights can indicate the strength of¢tetionship between the
concepts and/or the probability (or possibiity) that a sttt path might follow that link.
Directionality of the links provides a “curriculum”, i.ean ordering for the presentation
of concepts by a human teacher or an automated tutoringsyste

Figure 3aillustrates the same lattice shown in figure 2d,iawére a concept graph.
Each question, roughly corresponding to the inner whitéaregies labeled “a” and “b”
in each colored box in figure 2b, is a node in the concept grepbh red and green
arrow in the lattice is represented by a link in the concegpbr correspondingly colored
red and green. We consider this to be the landscape for eact @@., student), where
each agent begins at the leftmost node in the graph and ewnde aff the nodes on the
right edge of the graph. Figures 3b-d illustrate the patkartahrough the concept graph
by three sample students. At a glance, it is easy to see thyaetich take very different
paths; currently, a teacher would have to read the text ektharrative reports in order
to get this information. Still, while it is not difficult to copare two or three of these plots
at a time, in order for a teacher to compare the paths of evadest in her class, she
would need to look at these plots for every student. Agais,dbuld be overwhelming.
Further, all the information collected about each studggmérformance is not shown in
these plots. For example, the timing of each question islingtriated.
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Figure 3. cPAA map for one portion of the lattice and paths taken by threeestisd

We analyzed the student log data for a particular instandbeaf PAA assessment
given to first grade (age 7) students in Fall 2006. There wévesludents in our sample.
Note that the plots shown here are only for the portion of #seasment described above;
but these are representative of the entire data set. Figuoverlays the same type of
plots shown in figure 3 for all 117 students in our sample. Bhisws the variation in
paths taken by the students and indicates that almost ewssgilyhe path is taken by at
least one student. In the plot, the two axes represenfathg) locations of each node,
as defined in the concept graph (figure 3a). All the studeats st the same node, but
rapidly diverge, which is interesting given that the grodigtodents are all the same age
and all attend the same school.

Figure 4b illustrates the cumulative scores for each stuitdethe sample set. The
vertical axis represents score. The horizontal axis indg&ime”: each time a student
answers a question and moves on to another question, théstimeremented. For easy
comparision, we started all students with a scor®.df a student gets the answer to
a question right, then her score increased bif a student gets the wrong answer, her
score decreases ly Note that this is not how scoring is computed within the aktu
CPAA assessment, but was adopted to simplify the illustrati@ns.rAgain the disparity
amongst the students—all of the same age from the same sdbtimtd-is marked.

It is desirable to pick out which students take similar patsrrently, we are ex-
ploring the use of clustering algorithms in order to grouthpavith similar features. The
results of this work will be able to provide a teacher withstérs of students in her class
with skill levels in common for each core concept.

The analyses described thus far focus on the paths takendgras through the as-
sessment’s landscape. However, these ignore timing dedadér to get a more complete
picture of a student’s performance, individually but partarly comparatively within a
group, we have developed an animated “video” reporting ttoati allows teachers to re-
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(a) paths taken through the lattice (b) cumulative scores

Figure4. Data for 117 sample students
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Figure5. Visualization of thecPAA: Structure-based Video Report.

play the assessment of any of her students, alone or in a gitwgptool is interactive
in order to allow maximum flexibility for examining individl, or groups of, students.
An example screen shot is shown in figure 5. A set of VCR-liketiews (located in the
upper right corner of the screen), allow the user to “plagtpp”, “pause” and even “fast
forward.” When “play” is pressed, an animation begins thghhghts, over time, which
nodes a user has visited. Each oval in the figure represerggmé‘ question” in the
assessment tool. The border of an oval is drawn in green witeestadent has gotten the
answer to a question right, and red otherwise. In the figheeovals without borders are
those which the student never visited.

We take advantage of the fact that the underlying structfirdae assessment is
hierarchical in order to display the content of the entirgeasment, logically split over
several screens. The structure represented in figure Sigsmatanodes within the prime
question layer corresponding to one of the core concepesdark rectangles at the far
left and right of the diagram indicate entry and departuriatgdor the concept covered,
leading from and to, respectively, the previous and nex@ concepts in the assessment.

An informal focus group held with in-practice classroomctears provided feed-
back that the visual representation of nodes and tranditika was too abstract for the
typical, technically challenged early elementary scheather. This visualization works
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Figure 6. Visualization of thecpAA: Content-based Video Report.

well for showing the underlying structure of tlePAA assessment and demonstrating
how a single student progresses from one sub-concept toettte The mobile agent-
based approach, where we explained to teachers that eabkio&tudents was being
represented as an invidual agent and their paths througlankscape represented the
sequences of questions they were asked, worked very wedlt@dchers saw that as a
natural way to connect their students to the large data sgtwiere exploring with our
tool. However, for viewing the progress of multiple studeat a time, or even an entire
class, the visualization was limited.

A second visualization was designed and is illustrated inréigs. This drawing
illustrates a set of nodes relating to one sub-concept irasisessment. Each rectangle
corresponds to a question node in the lattice; the contetiteofectangles includes a
representative portion of the screen (or animation) thpéags when the student is being
assessed on the concepts in that particular node. In ordaretcome the problem of
how to represent multiple students progressing througlassessment at the same time,
the right half of each rectangle contains a schematic of faxbere each box represents
a student. A color scheme highlights how well the studente hgerformed on each
question asked. Another focus group is planned for evaigdliis new interface design.

Summary

The intersection of Al techniques and educational apptoatis broad, from traditional
intelligent tutoring systems to the development of ingaht pedagogical agents [11,
10] to the use of data-mining techniques for building studeadels from interaction
data [13] to the use of machine learning techniques for mgldtudent models [1] to
the use of Bayesian networks for analyzing standardizedteses [15]. Here we have



presented a number of data-backed, Al-based methods fonieixey, analyzing and
visualizing data collected in an on-line academic assessereironment. Our goal is
to develop techniques that allow teachers to take advarhtiee wealth of data that
is now available to them from state-of-the-art computetiazssessment systems. We
have explored several types of data analyses, taking an pgespective to view student
actions as paths through a landscape. Animated visualiiakielp teachers observe the
timing with which students traverse the paths, either iiddiglly or in groups. Current
work is pursuing the use of simulated learners as a meanstticpistudent outcomes
and as the basis for peer tutors in an on-line tutoring anekaasent environment.
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