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Executive Summary

In this study we examined the effects a learning information system,
Accelerated Math (AM)™, has on student math achievement and
ecobehavioral variables known to be related to overall student
achievement outcomes. Thesefeaturesincluded both teacher and student
behaviors.

Overall, students who used the Accelerated Math program demon-
strated greater gains in math achievement than district-wide or
within-school control groups. These gains were redlized in adifficult
context: incorporation of a new procedure into an instructional
routine in the middle of the year. And, there was well-documented
variance in degree of implementation of the program. Some teachers
implemented the program with much more commitment and fidelity
than did others. Commensurate gains on the district administered
assessments (NALT) were also observed. Use of Accelerated Math
enhanced the skill development of students of all ability groups to
some degree, but especially lower achieving students.

Findings indicate that instructional grouping was different when AM
was added to the Everyday Math curriculum (EM). Students were
coded as receiving more individualized instruction during the EM
with AM condition. This meant that they either were working on an
individual assignment or with the teacher, one-on-one. In contrast,
during the EM alone condition, students were mostly involved in
entire group instruction. Individualized instruction or instructional
grouping increases the opportunity for teachers to tailor feedback to
match student needs.

Further, the ecobehavioral analysis reveaed that students were more
likely to be engaging in academic responses during individual in-
struction and they were less likely to engage in academic responses
during entire group instruction. Thus, the use of Accelerated Math
appearsto facilitate instructional arrangements that enable teachers to
engage in best practices, which are related to positive student out-
COMmes.




The results indicate that teachers chose awide variety of tasks for
instruction during the EM aone condition. These tasks included:
worksheets, workbooks, teacher/student discussion, listen/lecture, and
other media (calculators, protractors, and other manipulatives). The
Everyday Math curriculum incorporates a broad range of activitiesto
assist in the transmission of math concepts to students.

Accelerated Math provides away for teachers to give students a boost
of individualized practice on math concepts embedded within the
curriculum. It is very time consuming, if not impossible, for teachers
to provide individualized practice for students on math objectives
within any math curriculum, without the kind of computer-managed
information tracking provided by Accelerated Math. Including Accel-
erated Math into a preexisting math instruction program may function
asameans of “accelerating” student learning of the full math curricu-
lum.

The addition of Accelerated Math to the Everyday Math curriculum
produced a strong positive effect on student behavior. Students spent
less time engaged in management behaviors and more time engaged in
academic responding, which isrelated to positive student achievement
outcomes (Borg, 1980). Students at all levels of achievement (high,
middle, and low) were al more actively engaged during the EM with
AM condition than the EM alone condition. In addition, low achieving
students during EM with AM, reached academic engagement levels
similar to high achieving studentsin the EM alone condition.

It is clear from these data that the implementation of Accelerated Math
with Everyday Math resulted in an increase in the amount of time
spent on ecobehavioral activities that have been identified as contrib-
uting to positive academic outcomes. Further, students across all
achievement levels who participated in the Accelerated Math program,
demonstrated significant gains on both a district administered stan-
dardized test (NALT) and the STAR Math test, a proprietary Computer
Adaptive Test.




Overview

Concerns about the math achievement of U.S. students are highlighted in the popular press,
journal articles (Stedman, 1997), major conference presentations (Jones, et a., 1999; Gonzalez,
Martin, & Mullis, 1999; Tananis, & van der Ploeg, 1999), and official U. S. Department of
Education reports (1998). In the Third International Math and Science Study (TIMSS), eighth
grade studentsin the United States scored below theinternational average in Math (41-country
comparison), and eighth graders in 20 other countries scored higher in math than American
eighth graders (Beaton, et a., 1996). To respond effectively to these findings, educators must
find ways to increase student achievement in math.

There are empirically demonstrated principles of learning, which if effectively applied, will
result in significant improvementsin student outcomes (Carroll, 1963; Walberg, 1984; Pressley,
1998; Ysseldyke & Christenson, 1993). Also, there are specific instructional strategies and
tactics that teachers can use to increase student success. Y sseldyke and Christenson (1987,
1993) identified some of theinstructional factorsthat arerelated to improved student achievement
outcomes (Table 1). Thesefactorsaredivided into four categories. Planning, Managing, Teaching
(Delivering) and Monitoring/Evaluation Procedures. Y sseldyke and Christenson (1987) note
that a combination of these instructional features must be present in the natural classroom
environment to maximize student outcomes. Goodard (1979) pointed out that singleinstructional
variablesrarely account to more than 5% of the variancein student outcomes (citedinY sseldyke
& Christenson, 1987).

Furthermore, there is extensive research that indicates that the ways in which students spend
their time in school are related to achievement outcomes (Graden, 1984). Greenwood and his
colleagues consistently have argued that students’ academic responses and the extent to which
they profit from instruction are dependent on how they spend their time in school and that this
in turn is dependent on specific classroom ecological factors. Hall et a. (1980) report that
students typically spend the school day in one of three types of behaviors, (a) management
behavior (53%) (e.g., getting materials, listening, waiting for instructions), (b) active academic
responding (25%) (e.g., reading aloud, asking academic questions), and (c) inappropriate behavior
(18%) (e.g. disrupting class, looking around). It commonly is argued that higher achievement
results when students receive task relevant practice and active academic responding,
commensurate with decreases in management behavior and inappropriate behavior. Stallings
(1980) has demonstrated that on-task behaviors (e.g., reading aloud and talking about academic
topics) correlate positively with achievement. In a study by Greenwood et al. (1981) total
academic responses correlated significantly with student achievement (r=.52).

Fisher et a. defined academic engaged time more precisely in 1980. In this definition, the
difficulty level of the material isconsidered aswell as student response. The authorsintroduced
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Table 1. Instructional Factors Related to Improved Student Achievement Outcomes

Planning Procedures

Sulfficient time allocated to academic o
activities

Quality teacher-diagnosis of student skill

level °
Prescription of tasks that are matched to

skill level o

Realistic, high expectations and academic
standards

Appropriate instructional decision-making
(grouping, materials, ongoing diagnoses)
Sufficient content coverage

Instruction designed to include presentation,
practice, application and review

Kind of curriculum (spiral vs. sequential)

Management Procedures

Efficient classroom management procedures
Well-established and efficient instructional
organization and routines

Productive use of instructional time o
Positive, supportive classroom interactions

Monitoring and Evaluation Procedures

Active monitoring of seatwork activities
High success rates (on daily and unit tests)
Frequent, direct measurement of pupil
progress

Teaching Procedures

Instructional sequence includes
demonstration, prompting, and provision of
opportunity for practice

Expectations (goals, objectives, academic

standards) are communicated clearly

Lesson Presentation — Related Factors

— Extensive substantive teacher-pupil
interaction, teacher questioning,
signaling and re-explaining

— Teacher-directed instruction (proceeding in
small steps, careful structuring of
learning experiences, etc.)

— Clear demonstration procedures and
systematic use of error correction
procedures

— High rate of accurate student response

— Amount of guided practice prior to
independent practice

— Explicitness of task directions

Practice — Related Factors

— Amount and kind of independent
practice

— Appropriate seatwork activities

— Systematic application of principles of
learning to instruction

— High rates of academic engaged time
(academic learning time, opportunity to

e Progress through the curriculum depends on learn)
mastery criteria — Brisk, fast pacing of curriculum and
e  Curriculum alignment (the relationship lesson

Degree of student accountability
Systematic, explicit feedback and
corrective procedures

between what is to be taught [goals], what is -
taught [instruction], and what is tested -
[assessment])

Ysseldyke & Christenson (1987).

the idea of Academic Learning Time (ALT), which is defined as “the amount of time a student
spends engaged in an academic task, which he or she can perform with high success’” (p. 8).
Studies using the concept of ALT reported a significant relationship between engaged time and
achievement and further, that ALT isasignificant predictor of achievement (Borg, 1980).

Other information suggests that students in schools across the United States spend relatively
little time academically engaged in school (Hall, 1980). Thus, educational interventions that
can alter the classroom ecology to enhance ALT hold the most promiseto accel erate the academic
skills of all students.

However, educators have experienced difficulty identifying specific interventionsthat will result
insignificant increasesin these variables collectively. Researchershave had difficulty identifying
interventionsthat will produce significant increasesin academic engaged time, freeing up teachers
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from the tedium of having to identify appropriate instructional levels and match instruction to
the level of skill development of the learner. Moreover, there are major difficultiesin freeing
teachers up from grading papers and providing corrective feedback, enabling them to spend
more time assisting learners who are having specific difficulties or fostering the enhancement
of gifted and talented students.

Accelerated Math™

A recently developed and released educational software product, Accelerated Math™, created
by Advantage Learning Systems, Inc., (1998a), looks to have the potential of making it easier
for teachers to incorporate best practices into their instruction. Accelerated Math is not a
curriculum, but rather an instructional system that can enhance any curriculum (ALS, 1998b).
Accelerated Math is part of Math Renai ssance, an educational model developed by TheInstitute
for Academic Excellence, a training institute for ALS. The four primary components of this
Math Renaissance model are: Time on Appropriate Practice (TAP), the Learning Information
System (L1S), a Math Motivation System (MMS), and most importantly the teacher who,
Motivates, Instructs, Monitors, and Intervenes (MIMI) with students so they can be successful.
The Accelerated Math software program fits into the LIS component of the model. To assist
teachers with the MIMI element of the model, the LIS plays a fundamental role, allowing
teachersto manage multipleinstructional taskslike appropriate match of instruction to individual
students’ skill levels, direct and frequent monitoring of student performance and progress, and
provision of corrective and motivational feedback. Accelerated Math as an LIS increases the
rate at which teachers can easily receive meaningful information about student work and thus
are able to make more frequent and consistent instructional decisions.

There arefive major components of the Accel erated Math program that support the achievement
outcome factors listed in Table 1 most directly. These components are: (1) Accelerated Math
gradelevel libraries, (2) individualized practice assignments, (3) TOPS (Teacher’s Opportunity
to Praise Student) reports, (4) Status of the Class reports, and (5) Diagnostic reports. More
detail on these five factorsis provided in the paragraphs that follow.

Accelerated Math Grade Level Libraries. The program offers twelve standard libraries of
math objectives, ranging from grade three through calculus. Each library has over 100 objectives,
which cover a year’s worth of mathematics topics. The objectives of each library cover the
content included in widely used curriculum guidelines and textbooks and National Council for
Teachers of Mathematics (NCTM) standards. Each student worksin alibrary that is matched to
his’her individual achievement level as determined by a computerized adaptive test (STAR
Math™). This allows students to work within their instructional level.
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Individualized Practice Assignments. The software program creates and prints out
individualized practice assignmentsfor each student. The student works on the practice problems
at his’her seat and then scans the answers back into the computer for scoring. The computer
automatically scoresthe student’sresponses, generates anew individualized practice assignment
(based on how well the student performed on the previous assignment) and a teacher report
(TOPS) (The TOPS report will be explained below). For those objectives that the student has
demonstrated satisfactory knowledge, the program automatically moves on to a new set of
objectives. In addition, once a student has been successful with objectives on practice
assignments, the program alerts the teacher that the student is ready to test on those objectives
to demonstrate mastery. Mastered objectives and mastery of tested objectives (based on test
performance) are spiraled into future practice sets to help maintain mastery. The individual
practice assignments facilitate the presence of two of the achievement outcome factors,
appropriate “amount and kind of practice” targeting specific objectives and “appropriate
difficulty” related to ALT, which isdirectly related to increased student performance.

TOPSreports. Teachersand studentsreceive task specific feedback through computer-generated
reports. The most common is the TOPS (Teacher’s Opportunity to Praise Student) report. The
TOPS report is automatically printed after each assignment that is scanned and provides a
format for constructive, precise feedback regarding student performance. This report begins
with a positive comment on how well the student performed on the task. It also details which
guestions were answered correctly and which were answered incorrectly. The TOPS report
gives teachers the opportunity to affirm correct responding and offer corrective feedback to
students who answer incorrectly. It facilitates (a) positive, supportive classroom interactions;
(b) frequent, direct measurement of student progress, (c) extensive, substantive teacher-pupil
interaction, teacher questioning, signaling and re-explaining, and (d) systematic and explicit
feedback and corrective procedures, all factorsidentified by Y sseldyke and Christenson (1993)
as critical to academic success, listed in Table 1.

Statusof the ClassReports. Frequent monitoring of student progressispossibleat anindividual
and classlevel with the Status of the Class report. This report identifies those studentswho are
ready for or need additional instruction on specific objectives. It also lets the teacher know
students who are ready for atest on certain objectives. With information from this report, the
teacher can plan one-on-one or small group instruction with the students who need it, and also
have students work on tests when they are ready. This report also identifies for the teacher
students who have not turned in work recently. This means teachers get the information they
need to check in with these students, individually, and get them back on track. Essentialy,
teachers can tailor instruction and concentration of instruction at anindividual level. The Status
of the Class report facilitates the achievement outcome factor of “appropriate instructional
decision making” and it also helps to ensure that students experience “high success rates on
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tests,” astests may not be created until the student has demonstrated a certain level of success
during practice.

Diagnostic Reports. The Diagnostic report provides information to the teacher about student
progress toward accomplishment of objectives. It indicates how many objectives have been
mastered through success on tests, the total number of problems the student has attempted, and
the average percent correct on practices, tests and review items. This report allows the teacher
to track overall student progress and can be printed at any time. Teachers can use the direct
information they obtain frequently to group students, ensure high rates of academic success,
and adapt instruction to accommodate the needs of diverselearners. Teachersget good frequent
information, and can readily identify both their outstanding performers (for enrichment) and
thelir at-risk students (for remediation or compensatory instruction).

In summary, AM is atask-level learning information system that helps teachers monitor and
ensure student achievement across various math objectives. Moreover, Accelerated Math
encourages and monitors practice of foundational skills while providing immediate feedback
on performance to both the student and the teacher (TOPS report). The program uses Objective
Tracker™ technology and apowerful Algorithm Problem Generator™ to ensure that each student
works at his or her own pace with a continuous supply of problems and assignments that are
new, relevant, appropriate, and unique to each individual. Accelerated Math also handles all
scoring and record keeping chores, minimizing teacher paperwork time.

Purpose and Research Questions

The purpose of this study was to evaluate the effects of using Accelerated Math on classroom
ecology and student achievement. Specifically, we examined the effects of usng AM intandem
with the standard math instruction on student behavior, teacher behavior, grouping structures,
teacher position relative to students, the kinds of tasks used, and student math achievement.
Second, we wanted to know the extent to which effects were different for students who are
high, middle, and low achievers. We carried out the study in as naturalistic an environment as
possible. The standard math curriculum remained in place. Further, wedid not re-assign students
to instructional groups, but went with their natural classroom assignments.

The following research questions were addressed:

1. Towhat extent are there differences in mathematics achievement gains for students who
use accel erated math in comparison to those who do not?

2. To what extent are there differences in mathematics achievement gains for high, middle,
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and low-achieving students who use accelerated math in comparison to those who do
not?

3. To what extent are there differences in instructional ecology for high, middle and low
achieving students under two conditions. Everyday Math aone versus Everyday Math
with Accelerated Math?

Method
Participants

Four elementary schools in a large urban school district in the Midwest participated in the
project from February to June of 1999. Overall, nine classroomswere selected to participatein
the implementation of AM based on the classroom teachers’ willingness to participate in the
study. At school #1, four classrooms participated, at school #2, three classrooms participated,
and one classroom wasinvolved at school #3 and school #4. The total number of studentsin the
experimental group was 205. These classrooms used AM as well as their Everyday Math
curriculum. Second, in addition to the large experimental group, a subgroup of 26 students was
selected from eight of the classrooms using the AM program, for intensive observation. This
subgroup of students was selected to represent three separate math skill levels (high, middle
and low). Third, acontrol group, including atotal of 184 students, was also selected from three
of the schools. These students in the control group did not use Accelerated Math during the
school year and they were representative of the students who participated. For a detailed
description of demographic characteristics for all groups, refer to Table 2.

We also gathered the math test scores on the district large-scale assessment for all studentsin
the district.

Observed Students

Because we were interested in differential effects of AM on the performance and progress of
students at differing skill/ability levels, three students (one high, one middle, and one low
achiever) were selected from eight classesfor additional observation. Thisenabled usto observe
intensively 26 students. Assignment of achievement level was based on performance on the
STAR Math test administered in December 1998. High achievers were defined as studentsin
the classwhose percentilerank onthe STAR Math test was at or above 80. Therange of percentile
rank used to identify middle achievers was from the 40" to 60" percentile. The low achievers
were defined as those students who scored below the 20" percentile.
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Table 2. Demographic Characteristics of Participants

EM only EM with AM EM with AM
(control) (experimental (observed students)
group)
High Middle Low
Total
184 205 9 8 9
Gender
Male 99 100 6 4 5
Female 85 105 3 4 4
Grade
4 71 71 5 4 4
5 38 111 4 4 5
6 45 5 0 0 0
7 16 10 0 0 0
8 14 8 0 0 0
Ethnicity
Native American 9 10 0 0 2
African American 54 78 2 4 4
Asian American 17 52 4 1 1
Latin American 36 28 0 0 1
European American 68 37 3 3 1
Free/Reduced Lunch
Full Price 54 43 2 1 0
Free 103 140 6 4 8
Reduced 27 22 1 3 1
Special Service
ELL* 34 54 4 0 0
Special Education 30 33 0 0 1

* ELL - English Language Learner

The data collector identified which students met the criteria of each skill level, for each of the
eight classrooms in which students were observed. The teacher was then asked to pick one
student, within each skill level, who had a good attendance record. There were four classrooms
that did not have any students who scored at or above the 80" percentile. In these classes all
three students were chosen based on their ranking on the test compared to other studentsin the
class. During the course of the study two students were selected as substitutes for two other
students who had prolonged absences. The two substitutes were chosen using the same criteria
as the others, matching the original students on achievement level and gender.
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The Curriculum

The Minneapolis Public Schools, in the elementary grades, use Everyday Math (EM) as the
primary math curriculum. Within the curriculum there are goal s and objectives that all students
need to learn, as well as an elaborate set of standards articulating grade level Minneapolis
Teacher Instruction Support Services (T1S) expectations. Aswith most curricula, teachers must
use their own set of instructional strategies to convey the information in the curriculum to
students.

Achievement Measures
District Testing

Every year, all 2™ through 7™ grade studentsin the Minneapolis Public School district aretested
on the math portion of the Northwest Achievement Levels Test (NALT) (Northwest Evaluation
Association.) TheNALT: Mathematics Test isaseries of eleven achievement teststhat measure
student performance in basic skill areas of mathematics. The tests were developed using the
Northwest Evaluation Association item bank. Using the item bank allows for the creation of
teststhat are aligned with the district’s curriculum standards and grade level expectations. Each
student takes a paper and pencil, group administered, mathematics test that is appropriate for
their skill level. The appropriate level test isdetermined for each student by previous performance
on the NALT or a locator test. Some of the areas included in the tests are, number sense,
measurement, relations, functions, randomness and data investigation. Results are reported in
RIT scores(scale scores). Fromthe RIT scores, statistics describing within district comparisons
of student performance can be calculated.

STAR Math Testing

Students in this study were also evaluated using the STAR Math exam (Advantage Learning
Systems, 1998c), a computer-adaptive test of math skills. STAR Math is designed for use with
grades 3 through 12 and measures skillsin numeric concepts, computation, and math application.
The test takes approximately 15 minutes and requires students to respond to 24 questions.

The STAR Math test is used for two purposes. Firgt, it is used to place each student at the
appropriate level in the AM program; second, as a post-test to determine student growth. The
adaptive branching technology used with this system continuoudly adjustseach test to the abilities
of each individual. Students who answer correctly are presented a more difficult item, while
those who answer incorrectly are given an easier item. In this way, the test narrows in on the
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instructional level of the student. The test provides grade equivalents, percentile ranks, scaled
scores, and NCEs, based on a national norms.

Observation Measure

Observations were conducted to measure the effects of using AM on the classroom ecology and
to account for variousindependent variables on student achievement. In the past, the process of
gathering data on classroom behavior has not been systematic. Datafrequently have beeninthe
form of informal observations, self-report, and checklists based on teacher recollection
(Ysseldyke & Christenson, 1987). In this study we used a computerized observation system,
created by the Juniper Gardens Children’s Project (Greenwood, Carta, Kamps, & Delquadri,
1995), Ecobehavioral Assessment System Software (EBASS), to collect data on student and
teacher behavior. EBASS offers a more precise way of observing classroom behaviors, and
gave us a precise description of the instructional ecology across the eight classrooms.

The EBASS system consists of three different observational codes. We used the Code for
Instructional Structure and Student A cademic Response (CISSAR), which is appropriate when
the observed student isenrolled in one educational setting, primarily ageneral education setting.
Within CISSAR there are 53 variables divided into six major categories. (1) Activity (reading,
math, spelling, etc.), (2) Task (worksheet, workbook, listen/lecture, etc.), (3) Instructional
Structure (entire group, small group, or individual), (4) Teacher Position (front, back, among
students, etc.), (5) Teacher Behavior (teaching, no response, other talk, etc.), and (6) Student
Response (writing, reading aloud, talking inappropriately, etc.). All 53 variables are listed and
briefly defined in Table 3.

Withthe EBASS program, classroom observations are recorded directly onto alaptop computer.
The program uses amomentary time sampling technique. Audible prompts are used to alert an
observer to record eventsthat are occurring in the classroom at pre-set timeintervals depending
on the coding system used. Every 10 seconds, the program prompts the observer to record
variable information in one of the six categories. The program cyclesthrough all six categories
through several of the variables. The collection of data on teacher behavior and position gives
information about teacher-pupil interaction. For example, one may conclude that teachers who
circulate among students are better able to provide one-on-one instruction and interaction than
teachers who are in front lecturing to the class. Collection of precise data on instructional
grouping and assigned task gives insight into the type of instructional planning done by the
teacher. Student behavior ismeasured directly by the variablesin the student response category.
These variables can aso be combined into composite scores of academic engaged time, task
management and competing responses.
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Table 3. EBASS: CISSAR Code Definitions

Activity

Rsading — when the studsal, or majonty af lhe sludands are sngaged in & reading acivily

Math —when the majonty of students are doing math work

Spaiiing —when the mayonly of sludents are copying spaliing words from the Hackboard

Handwriling — when the aclivily is focused on lsarning fo wile prnd oF cursive

Language — when the aciivily 15 focused on spesch and language msaning

Sciance — when the lasson s melaled o any scianlific lopic

Social Sfudiss — whan the lesson iz related lo cultures, ways of lifs, jobs and roles in socisty

Artsi Craffs — when the lessan ihvalves drawing, painting, culling, pasfing or colonng.

Frea lims — whan ths studants begin an aclivily after the tsacher has said that fres lime or sfudy ime s
availabls

Husiress Managament — whan the aclivity is focussd on the scheduls, lunch mansy, class nilss,
proceduras, aic.

Tranaifion — whan the aclivily is changing (for axample fram reading Io lining-up to go to music class)

Cant Tall — whan ths abowve descriptions do nof apply

Task

Readers —the student is weing 8 reading primsr or reading book

Workbooks — workbooks sre offen paparback, and reguirs the sfudents fo wnts responses in fhe ook

Workshesis —the tsacher prasenis preperad shests on which the studanis are expected fo read and then
write their responses

Faper Fencil —the studsent is using menuscnpl psper or non-pnnfed sheet paper

Listen/Lecfure —the reguirement of fhe sfudent ia fo ook and listan fo the feachar’s instruction or
pressniation

Crhar Media —the sfudent is viewing & fitm, using & fepe racorder, overhiesd projactor, compuder, word
cards, efc

Taacher Shudanl Discussion —the sfudent is tslking or discussing with the teacher individually

FatochiPut — students sre required fo change or get additicns! meatarials during endior sfter an schivily

Structure

Entire Group —the studsent is in the same seafing arrangament and has the same sszignment 58 & other
sfudenis

Small Growp —fhe studant is posiicnad next to st lsaszf one ather sfudent, but sway from the ather
sfudenis in class

individus! — (1] when the sfudent iz working alons, or with the teacher, (2) whan the student iz physically
away from oiher sludants and is working on g different sk from the ather sfudents, or (3) when the
sfudent iz among the other studanta, bul the essignsd sciivity is different from &Y the othar students

Teacher Position

in front —the tegcher is in front of the majorty of the students

Al desk —the teacher iz working from the dask, seailsd st or on the dask

Among students - the leacher is sfanding or sagfed eamong the majonty of tha studenfs
Side —the taacher is fo tha side of the class and not smang the studenda

Back —the teacher iz in the beck of the clesaroom

Ot —the teacher has laff the claaaroom

Teacher Behavior
Mo responss —the teacher mekes no cbssnvebla responas directed toward the stwdent or the clsas, This
can include grading papers, boking in 8 closet, working with the compuisr, beimg auf of the room, sic
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Table 3. EBASS: CISSAR Code Definitions (continued)

Taaching —tha teacher is aclivaly insfructing ar giving 2 lssson fo the studanis or inactivaly lislening fo a
sfudsnt respond.

Cithar Talk — the tsacher iz falkng aboul class businsss, management of activities, riles, the schaduls,
sic.

Appraval — the leacher axprasass prarsa far the sludents’ clasawork, conduct ar parformancs

Disapproval — the leacher exprasses dislkes or dissalisfaclion with slident’s wark or copduct

Student Response

Academic — aotive engageimant wilh acadarnic subisc! matisr

Fead Alowd — the studeant is looking &f pnnfed malarial ke a book ar blackbaard, and saying aloud whal
iz wnitten

Fead Silenl — the studant! is looking 8t reading malsrial for af legsl 2 seconds, with epe movameani
indicalive afl scanning words ar numbears. [Rapid Mpping of pages is codead as atfending, nol reading
silgnily)

Talk Acadamic — the sfudeant iz varbalizing aboul an acadsmic subyject, malenal, instruchions, ar ofhsr
appropriate lopc

Answar Academic Quaslion — the studsnt wiiles, verbalizes or gesfuras lo prowvids an anawss o the

feachar’s acadamic quesfion
Ask Academic Question — the sfudent verbally asks the feacher & question relafed to an sasignmeant or
irstruciion

Taak Management — haehaviors suppording scademic responding

Attapding to Task — the sfudent iz loocking st the teachsr teaching ar another peer who is ssking or
apswaring & question. it alzo includes whan the student iz Inoking for 8 place in 8 fext, pulting
matenss swsy, arezing, sharmpening pencils, and pulling their head on their desk whan qiven
permiaaian o do sa,

Raise Hapd —the sfudent iz observed with & hend raized

Look far Materialz — the sfudent is laoking for matarials either af or swsey from their desk

Moves — when the sfudsent iz cbaensd moving to & new areg in the classroom

Flay appropriate — tha sfudent iz angaged in pley beheviors spproved by the feachar, zuch 28 duning free
fims,

Campeting {lnepproprists) Hesponses — undesirad, inagppropriate hehswiars that inferfere with scadamic
lsarning

Dizrupt — behawvior that is aggressive (hithing, kicking, efc., ] or loud noisas (yelling, banging metarials, sic.)

Flay Insppropnate — tha student iz manipuiating small toys, rubber bands, pessing nofes, efc, sny
behaviar pot directly spprovad by the teacher

Taak Inappropnate — the studanf is engaged in an scedemic taak that iz nof the releted fo the present
fzek approved by the feacher

Talk Inappropriate — the sfudent is telking fo 8 peer or the taacher sbout anything mof relzted to the
metena st hand

Location Inapproprisfe — the studant is ouf of their ssst, sway from instruchion sits, snd dosa not have
DErmisaan o mows

Look Around — the sfudent iz Iookimg away from the scadamic teak af hand

Self-Etimuistion — the studant is rapidly rocking beck and forth, thumb awcking, or neil biting, etc. for mors

than 2-3 seconds and it is the major feafure of thair aclivify.
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Several reports can be generated from the data collected. The Percentage of Occurrence Report
gives information about the frequency of occurrence of each of the 53 variables. The Profile
Comparison Report allows analysis of similarity/dissimilarity scores between two subjects,
settings or types of files. An Ecobehavioral Analysis Report provides conditional probabilities.
Thatis, given aset of conditions(e.g., Activity—M ath, Task—Worksheets, Teacher Behavior—
Teaching), what isthelikely student behavior. All three of these analyses were used to examine
student behavior, teacher behavior, grouping structures, teacher position relative to students
and type of task.

Procedure - Achievement Measures

All studentsin the experimental group and control tested onthe NALT along with other students
in the district under the standard procedures employed by the district each year. Results are
reported as the change from spring 1998 to 1999 as measured by Normal Curve Equivalents
(NCEs).

In addition, all students (experimental and control) participated in pre-testing on STAR Mathin
December 1998. All students completed apost-test on STAR Math at the end of the school year
(May/June 1999). Students were tested in computer labs under the supervision of their teacher
or lab assistants. Results are reported as the change from pre-to post-testing as measured by
NCEs.

Procedure - Observation Measure
Condition 1; EM alone

Each student was observed acrosstwo pointsin time during two conditions, traditional instruction
using Everyday Math (Condition 1: EM alone) and Everyday Math with Accelerated Math
(Condition 2: EM with AM) (Table 4). Students were observed during condition 1 (EM alone)
prior to and immediately following the implementation of Accelerated Math in the their
classrooms. Theinitial observations of condition 1 (EM alone) were conducted in January and
February, before the classes started using the AM program. Observations were conducted again
during condition 1 (EM aone) in May, at the end of the school year, after the classes had
stopped using AM as part of their math instruction.

Condition 2: EM with AM

Once teachers began implementing the AM program in addition to EM instruction (Condition
2: EM with AM), observations were scheduled and conducted between February and May. The

12 NCEO Classroom-Based Assessment Project



Table 4. Observation Timeline for Condition 1 (Everyday Math Alone) and Condition 2
(Everyday Math with Accelerated Math)

Jan Feb Mar April May June
EM alone C-1:timel1 —
(C-1) C-1:tme2 —
EM w/AM C-2:time 1
(C-2 C-2:tme2

C - 1 = Condition 1 (Everyday Math alone)

C - 2 = Condition 2 (Everyday Math with Accelerated Math)
Time 1 = Timing of the first round of observations

Time 2 = Timing of the second round of observations

first round of observationsof condition 2 (EM with AM) spanned three months, February through
April. The second round of observations for condition 2 (EM with AM) was initiated in April
and completed by the second week of May.

Each time observation data were collected, each student was observed for atotal of about one-
hour, across multiple days. However, at the end of the school year, due to scheduling logistics,
an hour of observation may have been collected all in one sitting.

Analyses

We compl eted four kinds of analyses of achievement data. First we compared math achievement
gains for all 4th and 5th grade students in the treatment condition (Everyday Math with
Accelerated Math) to gainsin math achievement for al 4th and 5th grade studentsin thedistrict.
Second, we compared gains in math achievement for students in the treatment condition to
gains for awithin-school control group. Third, we compared gains for high, middle, and low
achieving students in the treatment group to those for high, middle, and low achieving students
within the district. We did so by examining gainsfor studentsin our treatment group whose pre-
test scores were in the top 20%, the median and the low 20% to the average score of the top
20%, median and low 20% of students in the entire district. The fourth achievement analysis
was one in which we compared gains for studentsin our treatment group whose pre-test scores
were in the top 20%, median and low 20% to the average score of the top 20%, median and low
20% of studentsin the same schools. We call these kinds of analyses 20/20 analyses and they
are based on procedures recommended by Reynolds & Helistad (1997).

Several analyses of the observation data were conducted to examine changes in instructional
ecology. These datawere aggregated acrossthe three schoolsfor high, middle and low achieving

NCEO Classroom-Based Assessment Project 13



students. Data analysis involved examining three types of EBASS report outputs, including
Percentage of Occurrence, Profile Comparison, and Ecobehavioral Analysis. In addition, repeated
measures multivariate analyses of variance were conducted to examine changes in student
behavior by skill level and treatment condition.

Results
Achievement Gains

Gainsin mathematics achievement were always studied by looking at changesin Normal Curve
Equivalents (NCES) on either the Northwest Achievement Levels Test (NALT) or the STAR
Mathtest. Studentswho are developing their skills at the expected rate show no changein NCE
scores acrosstime. When there are increases in NCE scores thisindicates better than expected
performance, and decreases indicate slower than expected performance. An NCE gain of more
than 3 pointstypically is considered statistically significant.

Wewereinterested in gainsin mathematics achievement for studentswho received thetreatment
(EM with AM) in comparison to those who received standard math instruction using Everyday
Math alone. The average math achievement gain on the NALT for all students, grades4 and 5
(N=6, 548), in the district over a one-year period of time (spring 98 — spring 99) was 2.66
NCEs. Students in grades 4 and 5, who participated in the three month Accelerated Math
intervention (N=163) gained 6.65 NCEsin the same period of time. Gainsin math achievement
for the AM participant group were significantly higher than gains for all other 4™ and 5 grade
studentsin the district (p< .00).

We compared gains in mathematics achievement using STAR Math as the criterion measure.
STAR Math was administered to all studentsin the four schools in which our treatment classes
were located. It was given in December 1998 and again in May/June, 1999. Gains for the
treatment group (N=187) were 5.8 NCEs, while the 139 students in the control group gained
1.7 NCEs. Students who received Accelerated Math treatment significantly out gained those
who received Everyday Math only. Data on the NALT and STAR comparisons are shown in
Figure 1.

We were also interested in the extent to which gains/losses in math achievement were different
for students of differing skill levels. So, first we compared the NCE gains for the top 20%,
median, and low 20% of the 15,502 continuously enrolled students in the district to the top
20%, median, and low 20% of the 187 students in our sample. NCE scores and gains for the
district and for our experimental group are shown in Table 5.
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Figure 1. Differences in Gains on NALT and STAR Math Accelerated Math Participants
vs. Control Group

NALT
Achievement Measure

STAR

|mAM Participants # Control Group |

Table 5. Normal Curve Equivalent Scores on the NALT for the Entire District and for
Accelerated Math (AM) Participants

District (N=15,502) AM Participants (N=187)

NALT 1998 | NALT 1999 NALT 1998 | NALT 1999

(Pre NCE) | (Post NCE) Gain (Pre NCE) | (Post NCE) Gain
Top 1/5 70.9 70.9 0.0 64.2 67.7 3.5
Median 46.3 48.9 2.6 43.6 52.4 8.8
Bottom 1/5 28.2 31.5 3.3 26.3 34.4 8.1

An additional 20/20 analysis was run to examine performance across skill levelsfor the entire
group of students who participated in Accelerated Math programming compared to the within-
school control group. On STAR Math, students in the top 1/5, Median, and bottom 1/5 all
showed significant NCE gains, 11.5, 6.0, and 4.1 respectively (Figure 2). The control group
showed a slight (not statistically significant) decline at the top and low end of the distribution
and a significant gain of 3.2 NCE units at the median of the distribution (Figure 3). On the
NALT significant gainswere again observed at all threelevelsof student performancefor students
participating in AM classrooms (Top 1/5 = 3.5, median = 8.8, bottom 1/5=8.1) (Figure 4). For
the control group there was not a significant change for students at the top level (1.4), and
significant gains observed at the median (6.2) and low level (4.4) (Figure 5).

NCEO Classroom-Based Assessment Project 15



Figure 2. Accelerated Math Participants: 20/20 Analysis of STAR Math Test Performance
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Figure 3. Control Group: 20/20 Analysis of STAR Math Test Performance
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Figure 4. Accelerated Math Participants: 20/20 Analysis of NALT Performance
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Figure 5. Control Group: 20/20 Analysis of NALT Performance
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EBASS Observations

In total, 3,613 minutes of observation data were collected. During condition 1 (EM alone),
1,797 minutes (10,782 — 10 second intervals) were collected, 1,152 of those minutes (6,912
intervals) were collected at condition 1 - time 1 and 645 minutes (3,870 interval s) were collected
at condition 1 - time 2. Observations during condition 2 (EM with AM) totaled 1,816 minutes
(10,896 intervals). Condition 2 - time 1 included 939 minutes (5,634 intervals) and condition 2
- time 2 included 877 minutes (5,262 intervals).

Three separate analyses were conducted using the EBASS analysis program embedded in the
software. In addition to the 19 variables for student response, three composite variables were
created to represent student response. The seven academic responses (Writing, Play Academic,
Read Aloud, Read Silent, Talk Academic, Answer Academic Question and Ask Academic
Question) were added together to form a Total Academic Response score. The five task
management variables (Attention, Raise Hand, L ook for Materials, Movesand Play Appropriate)
were combined to create a Total Task Management Score. The seven inappropriate classroom
behaviors (Disrupt, Play Inappropriate, Task Inappropriate, Talk Inappropriate, Location
Inappropriate, Look Around and Self-Stimulation) were added together to form aTotal Competing
Behavior Response score. Difference scores at or above 10 percentage points were considered
significant for all analyses.

In the first analysis, we examined changes in all variables across the two points in time for
condition 1 (EM alone). Resultsareshownin Table 6. During condition 1 therewasno significant
differencefromtime 1totime 2in activity, teacher position, structure, or student behavior. The
only two significant changes were in Task, where there was a significant increase in teacher/
student discussion, and in teacher behavior, where there was a significant decrease in teaching
(e.0. actively giving a lesson, listening to a students respond, etc.). In Table 7 changes were
observed over time during condition 2 (EM with AM). During condition 2, the variables were
relatively stable across time-1 and time-2. However, at time 2 there was an increase in small
group instruction combined with a relatively similar amount of entire group and individual
instruction (40%). Further, teacher position demonstratesvaried practice with no one style above
40% or maximizing teacher focus.

Due to the fact that most of the variables measured did not change more than 10% from time-1
to time-2, data were aggregated for each teaching condition. This allowed a second analysis
comparing all the files collected during condition 1 (EM aone) with all the observation files
collected during condition 2 (EM withAM). Theresultsindicate that in general, during condition
1, there was a wide range of tasks used, but primarily use of worksheets, workbooks, other
media, and listen/lecture. However, during condition 2 the activity was aimost exclusively
worksheets.
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The results also show that during condition 2, there was more individual instruction, and less
entiregroup instruction. In contrast, during condition 1, instructional structurewasamost always
“entire group” (80%). During condition 2, the structure was more balanced between entire
group and individual instruction (entire group = 47.3%, small group = 11.1%, individua =
40.8%).

In terms of student behavior, during condition 1 students spent more time writing, an academic
response, and less time “attending to task,” a passive behavior. (Attending to task includes
listening to the teacher, waiting for a turn, etc.) Finally in regard to composite measures of
student behavior, students spent less time engaged in task management behaviorsin condition
2 (EM withAM = 34.6%) than in condition 1 (EM alone = 47.2%). They also spent more time
academically engaged during condition 2 (EM with AM) than they did during condition 1 (EM
alone) (Condition 1 = 30.3 percent, Condition 2 = 42.2 percent), an increase of 12%.

Two separate, repeated multivariate analyses of variance were completed to examine the extent
to which there were changes in student behaviors over time for students as a function of
achievement level (high, middlie, and low) and treatment (Everyday Math alone v Everyday
Math with Accelerated Math). We examined the extent to which there were significant increases
in academic behaviorswhen AM was added to EM, and the extent to which this was a function
of ability/skill group. Findings are shown in Table 9 and Figure 6. In this first analysis, no
interaction was found. There was however, a significant effect for treatment: all students were
more academically engaged in condition 2 (EM with AM). There was also a significant effect
for skill level: higher achieving students were more academically engaged in both conditions
than lower achieving students. In the second analysis we examined the extent to which there
were changesin incidence and frequency of competing behaviors (likeinappropriate behavior).
No significant differences were observed. Results are shown in Table 10.

Thefinal analysis examined conditional probabilities between student academic engaged time,
and teacher behavior, as measured by the instructional grouping, teacher position and teacher
behavior categories. This relationship was examined for both conditions. In both instructional
conditions, “entire group instruction” was negatively related to academic responding. Thisis
important, sincein condition 1 (EM only) students were instructed in entire groups 80% of the
time. The addition of AM appearsto affect the ecology in such away that teachers are able to
engage in best practices. Also, in both conditions, there was a negative relationship between
academic responding and the teacher positioned in front of the class. Small-group instruction
was positively related to academic responding, as seen in condition 1 data. In addition, individual
instruction was positively related to academic responding in condition 2. In both instructional
conditions, apositive relationship was demonstrated between academic responding and teachers
being positioned among their students. Finally, academic responding tended to be suppressed
when teachers engaged in “ other talk” (general discussions) for both conditions.
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Table 9. Average Percent of Time Engaged in Academic Responding

Achievement Treatment
Level EM alone EM with AM
High 35.3 46.6
Middle 30.6 42.3
Low 25.3 36.2

* High, middle and low achieving students were defined based on performance on a Computerized
Adaptive Test. High achievers scored a percentile rank =75, middle achievers earned a percentile rank
between 40 and 60, and low achievers earned a percentile rank < 25.

Figure 6. Average Percent of Time Engaged in Academic Responding
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Table 10. Average Percent of Time Engaged in Competing Behaviors

Achievement Treatment
Level EM alone EM with AM
High 13.7 13.2
Middle 16.3 22.1
Low 18.2 14.9

* High, middle and low achieving students were defined based on performance on a Computerized
Adaptive Test. High achievers scored a percentile rank =75, middle achievers earned a percentile rank
between 40 and 60, and low achievers earned a percentile rank < 25.

Discussion

In this study we examined the effects alearning information system, Accelerated Math (AM),
has on student math achievement and ecobehavioral variables known to be related to overall
student achievement outcomes. These features included both teacher and student behaviors.

Student Achievement

Overall, students who used the Accelerated Math program demonstrated greater gainsin math
achievement than district-wide or within-school control groups. Thesegainswererealizedina
difficult context: incorporation of anew procedure into an instructional routinein the middle of
theyear. And, there waswell-documented variancein degree of implementation of the program.
Some teachers implemented the program with much more commitment and fidelity than did
others. Thisisthe subject of a separate investigation now being completed.

Significant differencesin gains between groups on the STAR Math test may be partially related
to the nature of the STAR Math test and the Accelerated Math program. Both are computer-
generated and created by the same company. There may be acloser overlap between these two
instrumentsin thelanguage used and type of problems presented. Familiarity withtheAccelerated
Math program may enhance performance on the STAR Math test above and beyond what would
be expected from skill development alone. However, commensurate gains on the district
administered assessments (NALT) were also observed.

As seen in the 20/20 analysis, students in the experimental group, across all skill levels,
demonstrated significant gains on the NALT test. In contrast only students in the middle and
lower skill groups of the controls showed significant gains on the NALT.
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Use of Accelerated Math enhanced the skill development of students of al ability groups to
some degree, but especially lower achieving students.

Observations
Instructional Structure

Findingsindicate that instructional grouping was different when AM was added to the Everyday
Math curriculum (EM). Students were coded asreceiving moreindividualized instruction during
the EM with AM condition. Thismeant that they either wereworking on anindividual assignment
or with the teacher, one-on-one. In contrast, during the EM aone condition, students were
mostly involved in entire group instruction. Individualized instruction or instructional grouping
increases the opportunity for teachersto tailor feedback to match student needs. Future studies
will need to be conducted to verify that under these conditions, student-teacher interactions
were taking advantage of these opportunities.

Second, findingsindicate that there was moreindividual groupinginthe EM withAM condition
versus more entire group instruction during the EM alone condition. Further, the ecobehavioral
analysis revealed that students were more likely to be engaging in academic responses during
individual instruction and they were less likely to engage in academic responses during entire
group instruction. Thus, the use of Accelerated Math appears to facilitate instructional
arrangements that enable teachers to engage in best practices, which are related to positive
student outcomes.

Teacher Position and Teacher Behavior

The EBASS variable categories Teacher Position and Teacher Behavior were used to examine
whether using AM with Everyday Math actually facilitates teacher/pupil interaction. The
hypothesis posited was that teacher position in the room and teacher behavior would either
increase or decrease the probability of teacher-student interactions. For example, if the teacher
isin front, teaching the class, it islesslikely that they are providing individualized interaction
with al students than if they are among the students and teaching (MIMI).

During condition 2, teachers spent more of their time in the back of the room and lessin front
than during condition 1. Neither of these positionswould appear to be more conduciveto teacher/
pupil interactions. They are also both negatively related to student academic engagement.
Accelerated Math did not increase the amount of time teachers spent among students. In both
conditions, teachers spent about 35% of the time among the class. In this study use of AM did
not change teacher position. They simply do not spend much time among students. Further,
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during condition 2, teachers’ behavior and position were more balanced than in condition 1,
wherethey spent about 50% of the timeteaching in front of the entire group. Unfortunately, the
CISSAR code selected was not sensitive enough to determine the actual instructional activities
of the teacher and whether or not pupil interaction was taking place. Future studies may wish to
draw upon therich dataavailable using the M S-CI SSAR code of the EBA SS software to enhance
observational data.

Task

The results indicate that teachers chose a wide variety of tasks for instruction during the EM
alone condition. Thesetasksincluded: worksheets, workbooks, teacher/student discussion, listen/
lecture, and other media (cal culators, protractors and other manipulatives). The Everyday Math
curriculum incorporates abroad range of activitiesto assist in the transmission of math concepts
to students.

During the EM with AM condition, thetask observed wasamost exclusively worksheets (98.4%).
Although AM worksheetsareindividualized and provide appropriate practice at eachindividual’s
ability level, they are only one part of aninstructional program necessary for educating students
on all the math standards articulated by the NCTM. The primary focus of Accelerated Math on
worksheets is areminder that the AM program is best used to augment a full math curriculum,
which generally includes a broader range of activities.

Accelerated Math providesaway for teachersto give students aboost of individualized practice
on math concepts embedded within the curriculum. It isvery time consuming, if not impossible,
for teachersto provide individualized practice for students on math objectives within any math
curriculum, without the kind of computer-managed information tracking provided by Accelerated
Math. Including Accelerated Math into a preexisting math instruction program may function as
ameans of “accelerating” student learning of the full math curriculum.

Student Behavior

The addition of Accelerated Math to the Everyday Math curriculum produced a strong positive
effect on student behavior. Students spent less time engaged in management behaviors and
more time engaged in academic responding, which is related to positive student achievement
outcomes (Borg, 1980). Students at all levels of achievement (high, middle, and low) were all
more actively engaged during the EM with AM condition than the EM aone condition. In
addition, low achieving students during EM with AM, reached academic engagement levels
similar to high achieving studentsin the EM alone condition (Table 9).
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Conclusion

It is clear from these data that the implementation of Accelerated Math with Everyday Math
resulted in an increase in the amount of time spent on ecobehavioral activities that have been
identified as contributing to positive academic outcomes. Further, studentsacrossall achievement
levels who participated in the Accelerated Math program, demonstrated significant gains on
both a district administered standardized test (NALT) and the STAR Math test, a proprietary
Computer Adaptive Test.
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