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Abstract

Numerous methods to assess student knowledge are present throughout every step of a students’
education. Skill-based assessments include homework, quizzes and tests while curriculum exams
comprise of the SAT and GRE. The latter assessments provide an indication as to how well a
student has retained a learned national curriculum however they are unable to identify how well
a student performs at a fine grain skill level. The former assessments hone in on a specific skill
or set of skills, however, they require an excessive amount of time to collect curriculum-wide
data. We’ve developed a system that assesses students at a fine grain level in order to identify

non-mastered skills within each student’s zone of proximal development.

“PLACEments” is a graph-driven computer adaptive test which not only provides thorough
student feedback to educators but also delivers a personalized remediation plan to each student
based on his or her identified non-mastered skills. As opposed to predicting state test scores,
PLACEments objective is to personalize learning for students and encourage teachers to employ
formative assessment techniques in the classroom. We have conducted a randomized controlled
study to evaluate the learning value PLACEments provides in comparison to traditional methods

of targeted skill mastery and retention.
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Introduction

Stemming from the desire to bring diverse state curricula into alignment with one another, the
U.S. educational community set out to standardize current state testing techniques. Sponsored by
the National Governors Association (NGA) and Council of Chief State School Officers
(CCSSO0), the Common Core State Standards Initiative was derived and is currently adopted by
most U.S. states [6]. Over the past twenty years, which has come to be dubbed as the
“Accountability Movement”, states have been held accountable for testing student mastery and
achievement in order to demonstrate their students’ capability to achieve success in the United
States. Although states mandatorily tested students on their abilities throughout the K-12 spread,
there was never a way by which data between states could be compared [13]. In order to
standardize graduation requirements, strengthen accountability, and overall, increase assessment
capability, the Common Core State Standards (CCSS) were born. Designed to be robust and
relevant in today’s world, the CCSS provide a dependable and clear understanding of what
students are projected to learn [6]. Committed to by forty-five states, the CCSS assessments will
begin to be administered in the 2014-2015 school year, however, they will not be using a

common test [6].

Two assessment consortiums, Partnership for Assessment of Readiness for College and Careers
(PARCC) and SMARTER Balanced, have emerged from the Common Core movement. At first,
having two separate assessments may sound counterintuitive however, due to the untested nature
of the CCSS across state boundaries, multiple consortiums could be beneficial. Although
different, both PARCC and SMARTER Balanced have taken similar, innovative approaches to
assessing students. Both assessments will be taken on computers for students between third and
eleventh grade on a variety of selected response, open response, and complex performance
questions [6]. Although both will be provided on computers, the delivery of questions is an
important difference. Students taking PARCC will receive a fixed set of questions based on one
of several equated tests [1]. On the other hand, students taking SMARTER Balanced will get an
adaptive test which tailors questions based on their responses [16]. The latter delivery of

questions has gained a strong foothold in the education community.



Computer adaptive tests, which are both well understood and in widespread use, have become a
larger part of standardized testing in recent years. MAP (Measures of Academic Progress) tests
adjust question difficulty in real time in an effort to test at the academic level of the student, not
the grade level the student is assumed to be at [11]. The GRE (Graduate Record Examination)
uses the same style of testing such that as students get questions wrong, they will receive easier
questions. Likewise, as students get questions correct, harder questions will be provided. This
continues until the confidence interval on the estimate of student knowledge has been reduced to
a minimal value. The psychometrics behind these types of assessments is also well understood
making computer adaptive testing a viable platform to track learning progress [16]. The problem
using these tests, such as MAP, is not that they fail to provide good assessment value but that
they are being used out of context as formative assessment systems. Many providers of computer
adaptive tests sell themselves as formative assessment systems yet do very little to help teachers

do something differently in the classroom.

Assessment systems such as MAP have the potential to help individual students but they are
being sold in a context that they are not geared to provide. Systems which allow a district to
assess students four times a year and provide a number as the students’ growth metric have the
potential to help students progress as well as offer teachers and superintendents with teacher
aggregated data (to help evaluate teacher impact on a class). MAP excels at predicting state test
scores and was employed in several states to serve such a purpose. However, MAP’s RIT score,
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the academic level of the student [11]. MAP’s data is difficult to act upon given the uncertainty
of its semantics. By definition, formative assessment allows for measures to be employed by
teachers during the learning process, such as modifying teaching and learning activities, in order
to improve student learning and retention [5]. Unless MAP’s data can be used to easily and
efficiently influence classroom instruction, it is difficult to classify it as a formative assessment
system. Teachers are given a substantial amount of professional development to help utilize
MAP’s data proficiently however MAP was simply never built to serve the purpose of a
formative assessment system. Our goal is to use computer adaptive testing and focus it to
perform formative assessment rather than attempting to do longitudinal tracking and the

prediction of state test scores.

Our research has been focused on developing a computer adaptive test which excels in formative
assessment as opposed to the ability to predict state test scores. We acknowledge and purposely
lack the capability to make a state score prediction as it is our goal instead to seek the benefit in
being able to tell individual students which skills they have mastered. To accomplish this feat,
we have taken advantage of the years of research that have been put into the practicality of
learning progressions [9]. A learning progression is simply the trail that students travel as they
progress toward mastery of the pieces of knowledge understood to be essential for college and
career readiness. These pieces of knowledge, for which we will often use the term skill, can also
be strategies as well as declarative bits of information. Our research is based in mathematics and
as such, it is easier to imagine the learning progression as a prerequisite graph. These graphs
contain a set of nodes, or skills, and a set of edges describing the relationship between the nodes.
It is the edges which explain the notion of how one skill is a prerequisite for another. We openly
acknowledge though that the use of a prerequisite graph may not be as appropriate in other
domains. Our research led us to find out how a learning progression-driven computer adaptive

test could increase student learning and retention.

This study’s goal is to see how we can repurpose computer adaptive testing to become a
formative assessment system. Fortunately, due to the large amount of research being poured into
learning progressions (especially in mathematics), our goal is easily within sight. Jason Zimba,
the founding principal of Student Achievement Partners (SAP), is not only the lead writer on the

Common Core mathematics standards, but also the creator of the CCSS prerequisite graph [6].
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starting at a preset grade level and attempts to identify which skills a student does or does not
know. As students answer skills incorrectly, they will move backwards on the prerequisite chain
in order to detect non-mastered prerequisite skills. Likewise, as student answer skills correctly,
they will move forward in time so as to test their understanding of post-requisite skills. By
allowing the test to directly navigate the prerequisite graph, each student’s answers precisely
pinpoint which skills the student does and does not know. With this data in hand, we
automatically remediate students on their skills we have detected to be non-mastered, as well as
publish this data through a series of reports to allow teachers to modify their instruction and
learning activities. Our graph-driven computer adaptive test, supported by the detailed teacher
reports and student intervention system, provides the infrastructure necessary to be a formative

assessment system.



Research and Design

In order to produce our computer adaptive test, we decided to build upon a system which already
supported similar features. ASSISTments is an Intelligent Tutoring System whose hame comes
from the combination of the words “Assistance” and “Assessment”. It delivers assistance to
students by providing immediate feedback in the form of hints and step-by-step explanations.
ASSISTments also provides assessment through the wide variety of reports available detailing
individualized student performance as well as overall learning trends for a grouping of students.
With instant feedback at their fingertips, teachers using ASSISTments are able to formatively

assess their students by modifying their teaching strategies.

ASSISTments is currently used by educators and students in all levels of academia and is
commonly considered to be an effective educational tool. Part of its effectiveness is due to the
way ASSISTments complements the traditional classroom. By removing tedious tasks such as
grading and allowing teachers to focus on student performance and understanding, teachers are
able to drive their lessons using the collected data. If a teacher is further inclined to do so, they
also have the ability to assign skill builders, or a set of questions focused on a specific skill, as a
way to provide each student with targeted practice. As good of an intention as this is, skill
builders are mistakenly assigned in droves and their effectiveness is severely degraded.
ASSISTments therefore provides a medium by which teachers can data drive in the classroom
but it lacks the infrastructure needed to focus on the personalization of learning. By
acknowledging the complications of keeping a detailed record of each student’s ability, we
explored the ability to create a system which automates many of these time consuming tasks.
Driven by the power of a computer adaptive test, our research led to a system that optimizes

ASSISTments ability as a formative assessment system.

The product or our research, known as PLACEments, is a computer adaptive test that attempts to
determine a students’ understanding of curriculum skills and further provides data reports to
teachers and individualized remediation to students. Before assigning a PLACEments test,
teachers are presented with various options to fine tune how the test based on the level of their
students. Since the answers presented to students are determined by the prerequisite graph that is

used, teachers are able to currently select from Zimba’s CCSS graph or use the WPI fine grain
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FIGURE 3: SNIPPET FROM WPI FINE GRAIN SKILL PREREQUISITE GRAPH

skill graph, which is an interpretation of the former [9]. Since each graph covers skills through a
series of grade levels, teachers must also provide the grade level to start at, as well as how far to
navigate backwards through a prerequisite chain. Given a set of parameters, teachers begin by
assigning a PLACEments test to students in ASSISTments.

Upon starting the test, PLACEments uses the starting grade level provided by the teacher to
generate a list of skills that will be initially tested. Students are then presented with questions
pertaining to each of these skills in a linear fashion. As students answer the questions, we build
up additional queues of skills to be tested, namely prerequisite and post-requisite skills. In order
to make the most effective use of time, every prerequisite chain must be either satisfied (a
student gets a question correct and thus we no longer need to check any further prerequisites on
that chain) or bottomed out before any post-requisite skills are tested. While students are
answering questions, they will only receive one question per skill. Although our confidence
interval is quite wide by only asking one question, our goal is only to identify potential skill
weaknesses. Since we are not predicting state test scores, neglecting to retest skills does not have
adverse effects. The result of a simple math mistake will only lead to additional practice for a
student, which in most cases serves as skill reinforcement. Once a student had completed a test,

PLACEments will generate a personalized learning plan for each student.
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At the completion of a test, PLACEments will automatically deliver an individualized learning
plan for each student in the form of targeted skill-based assignments. For each skill identified as
a non-mastered skill, we automatically generate a remediation assignment for the students to
complete. Each of these assignments is in the form of a skill builder which is a special
parameterized assignment. Students are generally allowed up to ten problems a day per skill and
must answer three questions correctly in a row to show mastery. In order to ensure that students
never receive assignments for which they have not mastered the prerequisites skills, we have
developed an algorithm which assigns the skill builders using the prerequisite graph from the
test. After generating all of the assignments that will be given to the student, we check to see
which of these assignments are not blocked by any other assignments. Each assignment, which
the student has proven to understand all its prerequisite skills, will be initially available for the
student to start. Upon the completion of an assignment, the algorithm goes through a similar
process; we first identify any post-requisite assignments available and then for each of the
identified assignments, we check to see if there are any incomplete prerequisite assignments.
This ensures that we never accidentally allow students to start assignments that we have detected
they have not mastered all the prerequisites for. To complement the test and personalized

learning plan for students, we also offer teachers access to the data being collected.

To be a true formative assessment feature, PLACEments will also include a variety of reports to
help teachers identify trends and issues among their students. One of the projected and most
influential reports identifies trends between PLACEments tests. We are able to identify with
confidence which skills the student has improved on (if the student answered incorrectly on the
first test however answered correctly on the next test), as well as which skills the student has
regressed on. We are also able to recognize when a student is proficient at a skill (such as if the
student has continually shown mastery on the skill) in addition to which skills a student needs

improvement on.

In order to view proficiency information at a more fine grain level, we also supply a report
which breaks down skill mastery by class, section, and student level. Aggregated by class (which
is a collection of sections of students), teachers are able to view the percentage of correctness
(how many students have mastered the skill) as well as the actual number of students this

percentage was calculated from. This enables teachers to see the difference between a skill which
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only two students have seen (1 correct and 1 incorrect = 1/2 = 50%) versus a skill which has
been seen by forty students (20 correct and 20 incorrect = 20/40 = 50%). Breaking the data down
into a more fine grain level, we can view the same results for each section of students (sections
are traditionally a period; ~10-30 students for an hour long duration). Each section will show the
correctness percentage and number of students as well as have the class data also available in the
report for comparison. In the student report, each student’s mastery per skill will be available.
This data is useful for teachers to identify the skills that each student has not mastered, as well as
how they rank in contrast to the rest of the class.

As for the personalized assignments given to students at the end of a test, we have designed
reports to similarly disclose this data. Along the same lines as the assignment and item reports in
ASSISTments, teachers will have the ability to view each assignment’s total progress, as well as
how the student performed per question. In order to monitor the progress of the assignments in
general, we will have a report which allows teachers to see how many each student received
from PLACEments, as well as how many they have completed. Given the abundance of data
between the test and assignments, PLACEments offers a unique way for teachers to hone in on

each of their students weaknesses and change their learning activities for the benefit of the class.

test |# remed-|Remediations Completed % Remediations # Remediations
UserID |date |iations 326 3/27 3/28 3729 3/30 331 411 412 4i3 414 415 4/8  4/T 4/8 4/9|Completed Remaining

125493 3/26 8 4 1 0 0 0 0 1 0 2 0 0 100% 0
125434 3/26 19 1 2 0 0 0 0 2 0 6 0 58% g
125506 3/26 1 2 2 2 0 0 2 2 0 1 0 0 100% 0
125495 3/26 11 4 2 2 0 2 0 1 0 0 0 0 100% 0
125879 3/26 14 3 2 0 0 0 4 2 0 1 0 0 86% 2
126216 3/26 11 2 4 0 0 0 0 0 0 0 ) 0 100% 0
126213 3/26 12 0 3 0 0 0 0 0 3 0 3 0 75% 3
125562 3/26 7 3 0 0 0 3 1 0 0 0 0 0 100% 0
125428 3/26 12 0 0 0 0 0 0 0 0 0 0 0 0% 12
126160  3/26 9 0 2 0 0 0 0 1 0 2 4 0 100% 0
125880 3/26 20 1 0 0 0 0 0 0 0 0 0 0 5% 19
126158 3/26 15 2 4 3 2 2 2 0 0 0 0 0 100% 0
125414
125488 3/26 10 1 0 0 0 0 0 9 0 0 0 0 100% 0
125431 3/26 12 4 2 0 0 100% 0
125891 3/26 21 2 2 0 0 0 2 2 2 2 4 0 6% )

FIGURE 4: PLACEMENTS REMEDIATION REPORT

As effective as the use of PLACEments can be in the classroom, there are some limitations and
considerations that must be taken into account. PLACEments will only be as effective as the
prerequisite graph’s effectiveness in a school [19]. Since the adaptability relies solely on the
graph that is given, if the prerequisite graph does not cover the material that students are

expected to be in the range of, the results of the test may not be useful no matter how detailed the
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graph is. The given graph must also dig deep enough into the curriculum to identify an
underlying weakness in the student’s knowledge [19]. Lack of prerequisite skills for a given
question will prevent PLACEments from providing teachers with the fine graininess needed to
help students grasp non-mastered skills. Given a proven or well-tested prerequisite graph such as
the CCSS graph, PLACEments is able to deliver information to teacher that can make an impact

on student learning.

Similar to the difficulties associated with the identifying an effective prerequisite graph, the other
limitation to PLACEments is the content used in both the test and individualized remediation.
For each skill in the prerequisite graph, there must be a question associated with it such that if
the skill must be tested, PLACEments has a way to evaluate the students’ knowledge. Since the
content chosen to represent these skills has not be selected by and expert nor has been proven by
empirical evidence (in the experimentation at minimum), it can be argued that the content
representing a skill was poorly selected should a student get the question wrong. In a system
which predicts state test scores, poorly chosen content immediately nullifies the value of such a
test. In the case of PLACEments however, our system is focused on helping students master
misunderstood skills, and as such, the lack of qualified questions does not degrade the benefits of
using the system. The selection of lesser quality questions may lead to larger amounts of practice
which does not decrease a student’s mastery of a skill. As for the information forwarded to
teachers in the reports, the data will suggest the teacher help a student with a particular skill

which again only leads to more practice.

Similarly for the automatic practice assignments, the impact and effectiveness of the content
chosen plays a role in how quickly and efficiently a student will master a given skill.
PLACEments currently uses skill builders for the remediation assignments which have been used
by hundreds of teachers and tens of thousands of students. Through teacher input and expert
advice, the assignments have become proven practice towards the goal of mastering a particular
skill [12]. As such, research suggests that most skill builders provide some benefit to helping
students [12].

PLACEments goal is to evaluate and remediate students on a set of standards and further reveal
the results of the evaluation to educational experts. By using PLACEments, it is our desire that

two things occur; first is that there is a learning benefit to students who use PLACEments.
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Second follows that teachers are presented information that can help them make a greater impact
in the classroom. Through experimentation, it is our hope that students who partake in the test
and receive automatic practice will gain some measurement of benefit by following through on
the work. Should students take a post-test on the same material tested by PLACEments, we hope
to see better performance on a students identified non-mastered skills. It is our hope that the data
collected can help teachers make more efficient use of their time as well as feel the cost/benefit
analysis of using PLACEments is well worth the time lost. We particularly see teacher’s
benefiting from such systems that are not bound by time constraints, such as teachers who
manage assisted learning classes. We hope to show that PLACEments can make a positive

impact in the traditional classroom.
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The ITS Ecosystem

The goal of using PLACEments is to give teachers the ability to make a difference today. As part
of the rapid learning environment schools have created to meet the demand of teaching
additional topics in a minimal amount of time, it is critical that we provide teachers with
information that can make an immediate and lasting impact, rather than waste time guessing
what a student needs to master. Psychologist Lev Vygotsky developed what he called the Zone
of Proximal Development (ZPD) which defines the skills that are in the process of maturing in a
student [18]. The point he stressed is that there are functional learning zones in each student;
there is the zone for skills which have been mastered, a zone for which skills are in an embryonic
state, and the zone of skills which are unable to be learned [18]. For students who have failed to
master skills in previous grades, it is likely that they are being taught topics at a level for which

their understanding of the prerequisite skills are still in the process of maturing.

PLACEments targets and reveals each student’s zone of proximal development in order to ensure
teachers can focus on the skills that will have the most influence on student development. By
understanding the variance between what a student can
do on their own and what they need assistance with
(the ZPD), individualized support can be provided to
help students catch up to the expected level of mastery
in the most effective way possible. It is for this reason

that the practice PLACEments assigns at the

conclusion of the test must also be chronologically
ordered in relation to the prerequisite graph. If post- (With guidance)

requisite skills were allowed to be attempted prior to

. ) Student cannot do
the mastery of the prerequisites, we may in fact be

providing help outside of the students learning FIGURE 5: VYGOTSKY'S ZONE OF PROXIMAL
ability. Vygotsky and other educational professionals DEVELOPMENT

believed education’s role was to give children

experiences that were within their zones of proximal development, thereby encouraging and

advancing their individual learning [18]. By working within each student’s ZPD, teachers can
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make the most effective use of time in the classroom. Besides PLACEments, other systems have

been developed to help understand and tackle the task of individualized learning.

Building upon the lessons and understandings of other intelligent tutoring systems (ITS),

PLACEments optimization of learning is centered in what an ITS aims to accomplish:

personalized learning. Not only have other ITSs been built to serve individualized education in

the last decade but the potential of ITS’ have grown into a multi-billion dollar competition.

Understanding how vital and effective these systems have the potential to be, Race to the Top,

spurred by the United States Department of Education (and also part of the CCSS movement),

was created to stimulate the innovation of ITS’ that successfully serve personalized learning

[13]. As a result of school accountability efforts to prioritize the collection, analysis and use of

student data, educational reformers and leaders are searching for the formative assessment

system that meets their needs [10].Given the known advantages of intelligent tutoring systems

operated in unison with traditional teaching methods, PLACEments goal is to use its collected

assessment data to drive remediation, disconnecting it from what other ITSs and educational

systems do.
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FIGURE 6: THE ANDES TUTOR
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To better understand
where PLACEments fits
in the ITS ecosystem,
several remediation-
capable systems have
been studied. The Andes
tutor is an intelligent
tutoring system aimed at
teaching introductory
physics which
exemplifies the
simplicity and influence

behind computer aided

teaching (CAT). Based

from the conclusion of



the study, students who used Andes increased their understanding of the subject [2]. One of the
interesting turnouts from the experiment was that generally higher student scores were received
whether or not extra time spent doing the work over traditional methods [14]. There was no
change either in the way teachers conducted their class in order for students to receive the
benefits [14]. In a posttest survey, not only did students receive higher scores while using Andes

but they preferred the ITS over paper and pencil work [17].

Stat Lady is an ITS aimed at teaching introductory statistics to adult learners. Parallel to the
findings from Andes, the empirical results of the study concluded that students in the
experimental group acquired greater procedural skills no matter their aptitude. High-aptitude
students were shown to learn more and receive higher grades from Stat Lady, as would be
expected from students who may have practiced outside of the ITS, but low-aptitude students
also obtained higher scores than from traditional teaching [15]. Aligned with the goals of
PLACEments, Stat Lady individualized the sequence of problems based on each student’s degree
of mastery [15].

To point out from another notable ITS, Cognitive Tutor, is the lasting effect of computer aided
teaching. Teachers using Cognitive Tutor not only reported spending half as much time
reviewing material in the subsequent semester but also acknowledged that their students were
more likely to succeed when enrolling in courses of higher difficulty [7]. Parallel to other ITSs,
AnimalWatch, and arithmetic tutor, improved students’ abilities to answer questions correctly
without assistance. By providing customized help and feedback, students made fewer mistakes
over their learning progression [4]. In both cases, not only did students perform better in the

short run but they were also able to surmount courses of greater difficulty post-ITS use.

By design, PLACEments aims to both pinpoint student weaknesses on a skill-based level as well
as remediate those skills in a logical order. Like the Andes and Stat Lady tutors, PLACEments
intends to complement the traditional classroom setting. The small amount of time necessary to
take the test leads to an abundance of information that helps teachers ultimately spend less time
reviewing material. Where PLACEments excels in comparison to the above mentioned ITSs is
its ability to harness assessment and individualized remediation cohesively. By tightly coupling

the way we assess skill weaknesses with the mechanics of individualized feedback,
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PLACEments is able to collect assessment data that is then used to drive learning, disconnecting

it from other educational systems.

In ASSISTments, problem sets that are focused to a single skill, otherwise known as skill
builders, are currently abused in the ASSISTments system. Teachers have previously assigned all
the skill builders for their grade level in hopes that the abundance of practice will lead to stronger
student understanding. Besides the overwhelming amount of perceived work by students, there’s
no efficient way by which students know how to tackle the material. Not only will some skills
already be mastered by a student but some skills require prerequisites that the student hasn’t
mastered. Illogical for any student to finish, the assignments remain undone, the teachers give up
on the practice, and an educationally good intention is lost. PLACEments alleviates these
problems by being intelligent about which skills need to be focused on. Students not only receive
remediation in the skills that are directly applicable to their understanding (or within their zone
of proximal development) but also receive the practice in chronological order based on the
prerequisite graph. With PLACEments in hand, students can focus their effort where it counts

and teachers no longer have the burden of selecting individualized feedback.
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Experimental Design

We envision PLACEments to work on a two-step cycle where teacher reports and automatic

student practice occur after students have taken a PLACEments test. Students begin by taking a

PLACEments test to evaluate their understanding of taught skills. As students answer questions,

the test automatically records their results and adjusts which skills need to be tested. Assuming a

student incorrectly answers a question for a specific skill, the test will automatically test

prerequisite skills to identify potential knowledge weaknesses. By driving the test based on

student responses, PLACEments can cover a wide variety of skills in a relatively short amount of

time.

Upon the completion of a PLACEments test, teachers will be able to access a breakdown of not

only each student’s skill understanding, but the general percentage of understanding for each

class and all students combined. For individual students, teachers will be able to view exactly

how well that student did per skill and the question that was asked. For each class, teachers will

be able to see the percentage of student understanding per skill in comparison to one another as

well as for all their students combined. These diagnostics allow teachers to quickly identify

individual and class weaknesses and address the issue immediately after taking a test.

PLACEments (9 showing, 23 remaining)

Least Common Multiple 6.NS.B.4 (Proeblem Set 7196)

Greatest Common Factor 6.N5.B.4 (Problem Set 6921)

Multiply Proper Fractions 5.NF.B.4a (Problem Set 164494)

5.MD.3 (Problem Set 54623)

Subtracting Fractions 5.MF.A.1 (Problem Set 164338)

Area Rectangle 3.MD.C.7b {Problem Set 10857)

Multiplying Decimals 6.N5.B.3 (Problem Set 31277)

Properties and Classification Circle 7.G.B.4 (Problem Set 22457)

Exponents 6.EE.A.1 (Problem Set 6937)

Assigned: March 16, 2013 02:58 FM
Due on: March 19, 2013 02:58 BM

Assigned: March 16, 2013 02:58 EM
Due on: March 19, 2013 02:58 EM

Assigned: March 16, 2013 02:58 FM
Due on: March 19, 2013 02:58 EM

L3signed: March 16, 2013 02:58 PM
Due on: March 19, 2013 02:58 BM

Assigned: March 16, 2013 02:58 FM
Due on: March 19, 2013 02:58 BM

Assigned: March 16, 2013 02:58 EM
Due on: March 19, 2013 02:58 EM

Assigned: March 16, 2013 02:58 FM
Due on: March 19, 2013 02:58 EM

L3signed: March 16, 2013 02:58 PM
Due on: March 19, 2013 02:58 BM

Assigned: March 16, 2013 02:58 FM
Due on: March 19, 2013 02:58 BM

FIGURE 7: REMEDIATION ASSIGNMENTS AVAILABLE TO A STUDENT

(9 are currently available to attempt,
14 are post-requisites to the 9 available

and thus are not listed)
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To follow up on the data
collected, the
remediation aspect of
PLACEments will infer
student weaknesses and
assign targeted material
to increase student
understanding. Based on
each student’s data and
the prerequisite graph
used, PLACEments
assigns individualized

content to help increase



student skill comprehension. Fortified by PLACEments remediation and their teachers equipped
with specialized reports, students are provided with the resources to tackle proximally weak

skills with ease and poise.

To create a fair experiment to determine if PLACEments offers a better learning value over
traditional classroom methods, we spent a considerable amount of time understanding exactly
what the traditional methods are. Inferred from the way ASSISTments is generally used, teachers
will assign a skill builder to students which they either perceive as a skill students are weak in or
a skill that requires constant practice. This indicates that, traditionally, teachers will give an
assignment to students in order to reinforce or aid student learning. We were initially inclined to
provide the control group with skill builder assignments however there are two disadvantages.
First, skill builders will be provided as the remediation work for the experimental group. Using
such similar routines may the study to poorly predict the learning value provided by
PLACEments. Second, it is also the case that skill builders provide tutoring feedback to students
which is not included with normal paper and pencil work. Students do not typically have a tutor
guiding them through practice work thus skill builders are a poor example of traditional method.
Under the assumption that practice work given is not directly assessed (it may however be
indirectly assessed through quizzes and tests on other skills), providing a list of websites which
focus on explaining the weak skill serves as sufficient practice. Our definition of a traditional
classroom method is the assignment of extra practice work which is not directly assessed. Since
students can practice the material on these websites and will not be assessed on it at any point,
we have chosen this method to represent how students traditionally learn in the classroom.

Common to our understanding of how PLACEments will be generally used in the classroom and
how students traditionally receive skill practice, we have designed an experiment to determine
the learning value of the system. We hypothesize that students who use PLACEments and
complete the individualized remediation assignments will perform better on a posttest than
students who receive remediation that is general to the whole class. In order to test this theory,
we recruited three middle school teachers in Massachusetts with a combined total of 220 students
to test the effectiveness of PLACEments. Each teachers’ students were randomly split into two

groups, one the control group and the other the experimental group using PLACEments, as our
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two conditions. Both groups followed similar routines however they each received a different

form of intervention.

For the control group, students began by taking a pretest on seven skills which have been
identified as knowledge components learned in the last few months. These skills emulate a
standard test that a teacher

5.2 volume
Rectangular
Prism

would use to evaluate how 5.1 Concept

Volume

well students have retained ot o __
. obDjects . urface
taught material thus far. Pre-Rec 30 Area Area
Skills Rectangle Rectangular
Students are given an Sl Prism
rallelograny
entire class period, about >$2 =
6.1 Area rapezol
fifty minutes, to complete = Triangle
R . Etponents 7.2 Area
the seven questions. This *circle
test is taken in 7.1 cirdle

Concept

7.2 Circumference

ASSISTments as a normal

6.1 Multiplication |
Positive Decimals

assignment in test mode

5.2 Multiplication
Mixed Fractions 6 .2Division Mixed
Fractions

(students do receive

5.1 Multiplication
Proper Fractions

correctness feedback but

6.1 Division
Proper Fractions

do not get tutoring

feedback). At the end of B 5.2 subtraction

. Factor o El.:|ui'u'alent Proper Fractions 5.3 Subtraction
the test, StUdentS Wi ” Fractluns\' Mixed Fractions
receive a remediation — T =2 Addon
assignment to work on for e e Fractions

eaCh queStion they FIGURE 8: PREREQUISITE GRAPH USED FOR EXPERIMENT
answered incorrectly.

Each of these assignments

contains several websites that can be visited which provide practice on the identified non-
mastered skill; the assignments only contain the website links; none of them include any follow-
up assessment questions to determine whether or not the students have mastered the skill. An
assignment is considered completed if the student acknowledges they have sufficiently covered
the presented skill. We have taken this approach in an attempt to mimic how students would

generally master these topics. Since a teacher would normally assign practice on the current
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skills being taught and not the prerequisite skills, the control group receives these websites which

imitate a student looking in a book or on the internet for help.

Students are then given two full weeks to practice and master the skills that were assigned to
them. Students who received fewer remediation assignments or who completed their work early
were assigned general homework by the teacher on the skills currently being taught in class. At
the end of the two weeks, the control group was given a posttest covering the original seven
skills that were tested as well as an additional seventeen prerequisite skills based on the
prerequisite graph used. The point of testing the additional skills is to see whether or not there
were non-mastered prerequisite skills that PLACEments would have detected and could have

assigned personal remediation for.

For the experimental group, students began by taking the PLACEments computer adaptive test
which starts by asking them the same seven initial questions as the control group. In contrast to
the control group, if a student gets a question wrong, we queue a question for each of the
prerequisite skills associated with the question. Students continue answering questions for a
given prerequisite skill chain until they either answer a question correctly or until there are no
longer any prerequisite questions left to ask. In total, there are the seven initial questions and
seventeen additional prerequisite questions. Students who answer all the questions incorrectly

will maximally see twenty four questions total. Like the control group, students will get

Time Control Condition PLACEments Condition

Monday Students receive a quiz on the 7 core  Students take the PLACEments test

(ilEn==98 0 skills (the initial skills listed in (which minimally asks questions on
figure 8). Students take the quiz in the initial skills in figure 8). Students
test mode on ASSISTments. may visit all the prerequisite skills if

deemed necessary.
Il ERIEWEINA After the ‘pretest’ above, students At the end of the PLACEments test,
after the are notified of their weak skillsand  students are given a set of skill

pretest are directed toward self-learning, builders in correlation to any skills
skill-targeted websites. that were identified as non-mastered.

Next two Students are given a two week period in order to complete their remediation

WEELS assignments.

Monday Students take a posttest covering the initial 7 core skills as well as all the

e RVEE9RE prerequisite skills that have the potential to appear on the PLACEments test
(24 questions in total).

TABLE 1: STUDY SCHEDULE
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correctness feedback and will not receive tutoring feedback. At the end of the test, PLACEments

will automatically assign a skill builder for each identified non-mastered skill.

The skill builders received by the . :
How do we find the mean? Comment on this question

experimental condition are vastly

different than the assignments given

to the control group. Instead of The sum of the numbers divide

receiving several websites to visit,

each skill builder assignment poses T

questions which directly pertain to v/ Correct!

the non-mastered skill. Each

question includes a series of hints,

Comment on this question

which are small reminders about Before we can find the mean, we must first find the sum
what the next step should be in of the scores.

solving the question, as well as

scaffolding, which presents a Calculate the sum of the following numbers:

parallel step-by-step question for 15, 59, 45, 56, 92,
. 13, 80

the student to follow. Scaffolding

helps a student understand the

critical concepts behind a skill |

Submit Answer | Show hint 1 of 2 |

without revealing the answer of the

originally asked question. In order
. . ] FIGURE 9: SCAFFOLDING QUESTIONS IN ASSISTMENTS

to obtain mastery of a skill builder

assignment, students must answer

three questions correctly in a row. By providing hints and scaffolding to help students master the

skill as well as a ‘three-in-a-row’ assessment completion criterion, students in the experiment

condition will hopefully have solidified their understanding of their identified weak skills.
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Assignment: Multiplying Decimals 6.N5.B.3

Assistment ID: 183291 Comment on this question
What is 8 x 2.477

Multiply the numbers without the decimals.

Comment on this hint

Count the numbers to the right of the decimal peint on
both numbers being multiplied.

Comment on this hint

After counting, have that amount of numbers after the
decimal in your answer.

Comment on this hint

19.76
v/ Correct!

Submit Answer | | Show hint 4 of 4 | | Mext Problem

FIGURE 10: HINTS IN ASSISTMENTS
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Analogous to the control condition,
students will have two full weeks to
complete the remediation assignments
given to them. Students who finish their
remediation assignments earlier than the
two weeks will be given general
homework by the teacher on the skills
currently being taught in class. At the end
of the two weeks, the experiment
condition will be given the same posttest
provided to the control group. From these
results, we will be able to see if
PLACEments provides a better learning
value to students than traditional methods

given to the control group.



Results

In order to evaluate the learning value of PLACEments, we took a look at how the remediation
assignments influenced the posttest scores in relation to the pretest at a broad level. We included
metrics such as time spent per problem on the pretest, posttest and each remediation assignment
given. For a more fine grain look at the data, we analyzed the impact that the remediation had
over a skill and sought to understand if students mastered the prerequisite skills or the core skills
more quickly. Overall, our study suggests that the study itself may have been a poor evaluation
of the potential benefits tied to the use of PLACEments.

Our first evaluation of PLACEments and student learning consisted of 16 control students and 19
experiment students from Southbridge Middle School. Table 2 provides the base findings for

these students:

Averages (per student) Control PLACEments Effect Size P-value
Pretest Core Skills Score 0.161 0.101 -0.314 0.179
Pretest Total Average (all skills) (not tested)  0.204

# of Questions Given 7 (static) 23

Pretest Seconds per Problem 98 sec. 62 sec.

Pretest Total Seconds 980 sec. 1385 sec.

Posttest Core SkKills Score 0.353 0.393 0.152 0.600
Posttest Total Score (all skills) 0.252 0.273 0.142 0.636
Posttest Seconds per Problem 74 sec. 60 sec.

Posttest Total Seconds 1779 sec. 14009 sec.

Remediations Assigned 6 18

Remediations Completed 4 5

Remediation Problems Attempted 5 41

Remediation Seconds per Problem 256 sec. 95 sec.

Remediation Total Seconds 976 sec. 3341 sec.

Core Skill Gain (Posttest-Pretest) 0.241 0.286 0.180 0.541

TABLE 2: SOUTHBRIDGE MIDDLE SCHOOL EXPERIMENT RESULTS

From our initial group of students from Southbridge, the control group performed slightly better

than the PLACEments group on the core skills. Students spent less time per question in the
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PLACEments group mostly likely due to the need to answer maximally 24 questions as opposed
to the 7 maximal questions seen by the control group. This also explains why the number of total

seconds is greater for the PLACEments group.

As for the remediation assignments given after the pretest, students in the control group received
a slightly higher percentage of assignments than the PLACEments group (6 given, 7 maximal vs.
18 given, 24 maximal). Although given many more assignments, the PLACEments group barely
completed just over the same amount of remediation assignments. An interesting piece of data to
note, however, is the time spent in total on the assignments, suggesting that the PLACEments
group spent over three times more time on their assignments. The posttest indicates that the
PLACEments group performed slightly better than the control group on all the given skills and
was able to spend less time on the test in general. It follows that the amount of time spent per
problem was also less. Overall, students may have learned slightly more core skills than the
control group however the results are statistically unreliable.

The second group of students consisted of 38 control students and 36 PLACEments students
from Bellingham Memorial Middle School. Table 3 provides the base findings for these students:

Averages (per student) Control PLACEments Effect Size  P-value
Pretest Core Skills Score 0.271 0.286 0.094 0.670
Pretest Total Average (all skills) (not tested) 0.400

# of Questions Given 7 (static) 20

Pretest Seconds per Problem 103 sec. 83 sec.

Pretest Total Seconds 1077 sec. 1549 sec.

Posttest Core Skills Score 0.447 0.527 0.414 0.111
Posttest Total Score (all skills) 0.457 0.483 0.229 0.443
Posttest Seconds per Problem 73 sec. 61 sec.

Posttest Total Seconds 1751 sec. 1451 sec.

Remediations Assigned 5 12

Remediations Completed 5 6

Remediation Problems Attempted | 5 39

Remediation Seconds per Problem | 55 sec. 63 sec.

Remediation Total Seconds 228 sec. 2432 sec.

Core Skill Gain (Posttest-Pretest) | 0.173 0.234 0.325 0.224

TABLE 3: BELLINGHAM MEMORIAL MIDDLE SCHOOL (GROUP 1) EXPERIMENT RESULTS
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The first group of students at Bellingham Memorial performed slightly better on the pretest than
the Southbridge students. It should be noted that this group is on par with the curriculum as
opposed to the Southbridge students, all of whom are part of the assisted learning program. As
expected, the Bellingham students outperformed the Southbridge students. Bellingham students
received fewer questions on the PLACEments test and spent more time answering questions.
Given their better pretest scores, both the control and experiment groups received fewer
remediation assignments. Both groups also completed more of their assignments and spent less
time overall to complete them. As their remediation work would suggest, the control group saw a
decent increase in their posttest scores. The PLACEments group saw an even larger gain nearly
doubling their pretest score. Overall, the first group of students in Bellingham exhibited the

potential of a learning benefit from using PLACEments.

The third group of students, also from Bellingham Memorial Middle School, consisted of 35
control students and 29 PLACEments students. Table 4 provides the base findings for these

students:

Averages (per student) Control PLACEments Effect Size P-value
Pretest Core Skills Score 0.530 0.636 0.356 0.127
Pretest Total Average (all skills) (not tested) 0.654

# of Questions Given 7 (static) 14

Pretest Seconds per Problem 131 sec. 126 sec.

Pretest Total Seconds 1083 sec. 1477 sec.

Posttest Core SkKills Score 0.632 0.661 0.093 0.692
Posttest Total Score (all skills) 0.579 0.624 0.171 0.475
Posttest Seconds per Problem 63 sec. 65 sec.

Posttest Total Seconds 1444 sec. 1451 sec.

Remediations Assigned 3 7

Remediations Completed 3 3

Remediation Problems Attempted | 3 14

Remediation Seconds per Problem | 128 sec. 66 sec.

Remediation Total Seconds 269 sec. 937 sec.

Core Skill Gain (Posttest-Pretest) | 0.143 -0.010 -0.589 0.025

TABLE 4: BELLINGHAM MEMORIAL MIDDLE SCHOOL (GROUP 2) EXPERIMENT RESULTS
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The second group of students from Bellingham performed the highest out of the three total
groups. These students, for the most part, are enrolled in advanced math classes at Bellingham
which explains their high pretest scores. On average, they spent the most time per problem out of
any group as well as used the most amount of time in general for the allotted duration of the test.
As such, they received the lease amount of remediation assignments. The control group generally
completed all of their remediation assignments whereas the PLACEments group completed less
than half of their assignments. Unfortunately, we were notified after collecting the data that the
experiment had not been followed properly for the posttest. Presented in more detail in the
“Discussion” section, we cannot include the results from this group in our overall study. For the

purpose of experimental integrity, we still present the results from this group to the reader.

Table 5 shows the averages of the first and second group combined (the third group is not

considered due to the invalidation of its results):

_Averages (per student) Control PLACEments Effect Size  P-value
Pretest Core Skills Score 0.220 0.230 -0.109 0.522
Pretest Total Average (all skills) (not tested) 0.320
# of Questions Given 7 (static) 21
Pretest Seconds per Problem 101 sec. 75 sec.

Pretest Total Seconds 1041 sec. 1483 sec.

Posttest Core Skills Score 0.418 0.480 0.280 0.150
Posttest Total Score (all skills) 0.394 0.408 0.090 0.664
Posttest Seconds per Problem 73 sec. 60 sec.

Posttest Total Seconds 1759 sec. 1436 sec.

Remediations Assigned 5 15

Remediations Completed 5 6

Remediation Problems Attempted | 5 40

Remediation Seconds per Problem | 119 sec. 76 sec.

Remediation Total Seconds 467 sec. 2816 sec.

Core Skill Gain (Posttest-Pretest) | 0.193 0.252 0.283 0.154

TABLE 5: COMPLETE EXPERIMENT RESULTS
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In general, students in both conditions showed the same gains between the pretest and posttest.
The experiment condition always spent less time per problem but more time overall given the
higher number of problems they had to solve. Conversely, the control group spent more time per
problem but less time overall. Percentage wise, the control group always completed more
remediation assignments than the PLACEments group by about 3 to 1. Given that the
experimental group performed slightly better, the overall results showed favorable effects from

PLACEments however these results are not statistically reliable.
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Discussion

Given the overall trend in the data, it would look like our experimental design was not a good
predictor of the benefits, or potential downfalls, for students using the PLACEments system. Of
the nearly 45 data points removed from the study due to various reasons (student achieved a
perfect pretest score, student purposely failed the test, student did not take the pretest/posttest,
etc.), about two thirds of those data points were from the PLACEments condition. Given the
fewer pieces of data to represent the experiment group along with the study chosen,

PLACEments was unable to show any learning difference in comparison to traditional methods.

The most obvious idea to increase PLACEments effectiveness would be to force students to
complete all of their remediation assignments prior to taking the posttest. From basic intuition,
students who complete more practice, especially practice at their level, are bound to perform
better on a posttest. As such, lengthening the duration of the study may have resulted in greater
remediation completion. Based on a posttest survey given to the students, many of them felt
burdened to have to do the extra work each night for the experiment. It may have been an
unintentional consequence that giving the students such a short amount of time to complete the
experiment caused them not to take the posttest seriously. A longer study may have also let
students spend the time necessary to really understand their non-mastered concepts as opposed to
scrambling to get as many assignments complete in as little time as possible.

Another potential way the study may have been hurt is in how the study handled the control
group. In an effort to give the control students a chance as fair as possible to also learn their non-
mastered skill, we provided each student with remediation assignments containing links to
websites with decent material to learn from. Although we expected that students would get off
track due to the lack of direction, many of the students embraced their independence and took the
time to watch the videos and read though the articles. Surprisingly, the control group did
exceptionally well, and in some cases, better than the PLACEments group. This is not to say that
PLACEments did not provide any benefit (both conditions saw an increase in test scores) but
rather that the control group’s assignments could be as effective as PLACEments given the

students apply themselves. In order not to make the experiment too one-sided, we may have
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inadvertently made the control condition equally as strong thus suggesting that there is no

difference in learning potential between the two groups.

The data collected from the groups are also questionable as to their reliability. The posttest data
collected for the second group at Bellingham Memorial is unreliable due to a last-minute
problem we were notified of. Each group was given up to a maximum of 60 minutes to complete
their posttest however this group was not allotted the full period. Students received minimal time
to complete it in class and then were instructed to complete the test for homework or the next day
in class. Due to the new variables added in to the experiment, the posttest data collected is not
credible. Some students answered the test questions incorrectly to finish the test as quickly as
possible as noted by the teachers however there may be other noise causing the statistics to be
skewed. Given the ability to run the study again, it would be most beneficial to let it run longer,
force students to complete all of their remediation assignments in the time interval, and make

sure the participants strictly conform to the study procedure.
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Conclusion and Future Work

Given the ambiguity of the results from the first study, we are working to conduct further
experimentation that will more reliably indicate the potential effects of PLACEments. Rather
than have a control and experimental condition, we will be splitting the students into two
sections that receive both control and experimental work. From the original experiment
prerequisite graph shown in Figure 8, we have split the graph into two separate sections,
Fractions and Geometry as shown in Figure 11. For one of the two groups, which I will refer to
as Section A, they will receive, for example, the geometry skills in a fixed form. Each skill will
be tested in a linear fashion. The other set of skills, fractions, will be tested by PLACEments.

PLACEments Bram| 5.1 Concept v The other group, Section B, will
(Geometry) Yolume )
ﬁfi‘s:;“g“'“ receive the same tests however
’f;"t:‘afg‘;e S ETeE they will take receive
Area
6.1 Area Rectangular PLACEments on the geometry
Parallelogram Prism . . .
skills and will take a fixed test
Pre-Rec 6.1 Area 6.2 Area
Skills 2l riangle i ECtal] on the fraction skills. The
Exponents !
F.2A . .
71 Gircle N ote PLACEments assignment will
Concept A L i
>[7.2 Gircumference | provide remediation, or skill
6.1 Multiplication
Fciine Jedirst builders, to the students as
usual but the control
PLACEMents Exam . .
{Fractions) 5.2 Multiplication 6 .2 Division Mixed aSSIgnment WI” not cause any
— Mixed Fractions Fractions . . .
5.1 Multiplication remediation, website links or
Proper Fractions .1 Division
Proper Fractions skill builders, to be assigned.
4.1 Greatest 5.3 Subtraction .
Common 4.2 Equivalent 5.2 Subtraction Mixed Fractions StUdentS WI” then have one
Factor Fractions Proper Fractions .
\ week to complete the skill
4.1 Least 5.2 Addition
Common 5.1 Addition | __—|Mixed builders and, at the conclusion
Multiple Proper Fractions Fractions
of the week, will take a posttest
FIGURE 11: PLACEMENTS SPLIT PREREQUISITE GRAPH on all the skills (which will be a

similar posttest from the last

original study).
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Time Section A Section B

Monday Students take a linear test on the Students take a linear test on the

(il el Geometry skills and a PLACEments — Fractions skills and a PLACEments
test on the Fraction skills. test on the Geometry skills.

Il IEWENYA Students receive remediation skill Students receive remediation skill

after the builders from the Fractions test. No  builders from the Geometry test. No

pretest remediation is given for the remediation is given for the Fractions
Geometry skills. skills.

Next two Students are given a one week period in order to complete their remediation

weeks assignments.

Monday Students take a posttest covering every skill that could have been tested

CUIERAVES SR between both the Fractions and Geometry skills from the pretest.

TABLE 6: SPLIT PREREQUISITE GRAPH STUDY SCHEDULE

From these results, we are looking to determine if the remediation assignments do have a
learning benefit to students, even in a relatively short period of time. We will compare each
group to see if by completing the remediation assignments, there was a gain in knowledge as
compared to the control skills which they did not receive any remediation for.

In addition to additional studies, we hope to include some new features to the PLACEments
project. We currently resolve the situation when a student does not understand a skill; we ask an
additional prerequisite question to hone in on the root of the problem. There is the case though
that a student may get answer every question correctly which means that they do not receive any
remediation assignments. Instead of neglecting to provide proficiency work to these students, we
would like to additionally allow PLACEments to assign post-requisite assignments to these
students. Every student will therefore have additional work to do that will help them progress

further in the curriculum.

In addition to post-requisite work, we also would like a way for anyone to come to the
ASSISTments site and build their own prerequisite graph to be used with PLACEments. Beyond
mathematics, there are learning progressions for language, science, and geography classes which
can be adapted into a prerequisite graph. Although ASSISTments already provides a way to
build learning progressions, the feature needs to be cleaned up to be easily usable by a teacher or

educator.
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Lastly, there are many different
reports that can be developed to
help teachers employ formative
assessment techniques in the
classroom. Listed in the Research
and Design portion of the paper,
we provide several descriptions of
reports that are currently being
developed with the help of teacher
feedback. One such report that has
generated a substantial amount of
excitement is the PLACEments
test info graphic report. Rather

than working with numbers, the
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info graphic would display the results of a student’s test directly on the prerequisite graph from

which it was generated. As shown in Figure 12, teachers will be able to see a line for the level

the test was administered at (the expected mastery blue line) in contrast to how well the student

actually performed (the red actual mastery line). By overlaying the students results on the graph,

teachers will hopefully it helpful when identifying student mastery. These lines can be broadened

to include the average results of a section or class, as well as could pull data from any other

schools which have taken PLACEments to show how they rank in comparison (this data would

remain anonymous). We will continue to work with teachers to understand the report that will

have the most impact in the classroom.
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