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The Research Project
Hypothesis If you use quality assessment dataj take appropriate action based on that data,
student learning will improve.

Quality assessment dapaovide information about how student thinking is changing relative to
specific learning goals. In this project, quality assessment data for treatnudietrseeame from

teachers reviewing the@hecks and student Notebooks that are part of the ASK version of the

FOSS curriculumAppropriate actionsare those that engage teachers and students in discussions
that help students reflect on their own understaggland identify for themselves any gaps in their
knowledge. In this project, treatment teachers could select from Next Step Strategies recommended
by the FOSS curriculum, or create their own. They reported these strategies on their weekly logs.
Improvedlearningwas measured by comparing fpest gains of treatment students with that of

control students.

The research fAtreatmento was comprised of:
1) The intentional use of ASK assessment tools to monitor & improve instruction
2) Gradelevel teachers working tegherin Professional Learning Communiti@2LCs) on the
implementation of ASK resources and best practiaed
3) Increased time in sciencenabledy integrating with math and language arts

Data Sources:
Student achievement data
A Primary:ASK pre/post dat specific to science module
A SecondaryWASL scenariosndWASL scores
Teacher practice
A Prelpost teacher attitude survey
A Focus group questions
A Teacher logs
A Classroom observatisn
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The Summaryof project results begins on page 8.
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Introduction

The Problem

In an effort to be true to science, the Washington state science standards now require teachers to
provide experiences for students to engage in their own inquiry, thinking and performing as a
scientist. Unfortunately, many teachers never experiencgdimg in their own science education

nor have they had any first hand experiences with scientific research, so they struggle in trying to
bring this experience into their classroom.
Washington LASER, tchers experience exemplary inquiry science lessons in a workshop setting.
Even so, this has not resulted in significant changes to teaching pr&tadessional Learning
Communities (PLCs) can be effective in helping teachers take concepts fromethksieops and
grapple with how to put them into practice; but developing a high functioning PLC requires
intentional support. It was our belief that by participating in A$Kthe experience of engaging in
research would help teachers better understanddientific process in a practical way. Our

research goal was to improve student learning by increasing teacher knowledge of how to use
formative assessment resources and Next Step strategies as instructional interventions, and to learn
from evidence oftsident thinking (as reflected in formative assessment data) how to best adapt
instruction to meet student needs.

Our theory

The project team anticipated that (dy receivingtrainingin the formative assessment techniques of

the FOSS Assessing Sciencedtvledge project (ASK), (2) participating in Professional Learning
Communities in their buildings, and (3) incre
teaching practices would improve and their students would learn more.

The Participants

In this research project, schools with high SES (socio economic status) and low science WASL
scores were invited to participate in researc
formative assessment strategies to improve science leainingder for a school to apply for
participation, all teachers at th& and " grade level and the principal had to agree to commit to

the increased time on science as well as regular participation in PLC activities. Once treatment
schools were identdd for participation, control schools were solicited with similar SES and

WASL scores and within the same school district (where this was possible). The control schools
received the same materi al benef it soomsetsofudent
science stories, and technology resources; but they did not receive the professional development
support or the FOSS ASKased assessment resources (e@hecks, specialized classroom
activities, and guidelines for finext stepo st

Four schools, two treatment and two control, began participation in the project in December 2007,
beginning with the winter rotation of their FOSS science kit. Four more schools, two treatment and
two control, joined in March 2008, at the start of thergy rotation. One treatment school and
therefore the match (control) school dropped from the project after the spring of 2008 because the
school was not able to commit to participating completely in the treatment. As a result, six schools
participatedn the research, three treatment and three control, from three different districts for either
four or five kit rotations.
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The treatment plan involved alf'and 3" grade teachers/classes in the school (except one teacher

due to health issues). One traaht and one control school did not halfeydade students in the

building so only included'Sgrade. All the % and %" grade treatment and control teachers

maintained logs, completed the fest assessments and agreed to permit a classroom olaservati

All the treatment schools worked in grade level PLCs around science, and some control schools also
had teachers working in PLCs. Treatment teachers also agreed to utilize ASK assessment resources
and increase their time in teaching science, comgarprevious years.

The Treatment

Professional development support for the treatment teachers included an-aéjahdrkshop

each year to develop teachersé understandings
the ASK resources; PLC fditator support; and a showcase each year for teachers to share their
experiences and results. The ASK resources included (1) refined student notebook prompts and
notebook worksheets designed specifically for embedded assessment use, (2) benchmark
assegwents for each investigation for each module (typically 4 investigations per module), (3)
calibrated pre/post tests, and (4) ClassMhpa computerized data collection and reporting tool

that generates five different reports to show where studentscatedan their conceptual
development relative to learning goa{§ample copies of the reports are included in the

Appendix).

Introductory workshops

The goal of the workshops was to provide oppo
engage tair thinking, and provide new information and experiences to help teachers construct the
knowledge needed to use the assessment resources effectively.

Teachers participated in a tvday workshop prior to starting the project (December 2007 or March
2008). The first day began with gathering data about their beliefs and current understanding of
formative assessment, as well as beginning to develop each group as a Professional Learning
Community. They developagtoup normsagreements about how the group veaidgether, and
assessment strategies for looking at student work. The teachers learned to use the ASK embedded
assessments (especially science notebooks) and benchmark assessments for instructional decision
making. Teachers also took a sample WASL sceraard practiced scoring it. Then, teachers

prepared for the work of the coming rotation, organizing their materials, constructing a concept map
and schedule, learning to use the computerized benchmark scoring system ClassMap, and
establishing a PLC meetiqdan.

In Year 2 the teachers met together for one day in August and one day in December to further their
experience with the research on how students learn, use of science notebooks, and continue to build
their understanding of the purpose, strategmesgoals of formative assessment. Teachers also had
time to work in groups across schools to gain clarity on the focus and assessment strategies for their
upcoming module, and to share their successes and challenges, learning from each other.

PLCs

The gral of the PLCs was to provide a means for the teachers to discuss and consider the
implementation of the resources and strategies provided by ASK, and to provide a forum for
looking at student work together to generalize findings, and to engage-thirseted inquiry. The
schools agreed for each grade level team to meet for eight hours in PLC groups around each
module. It was up to each school to figure out when and how to schedule that meeting time.
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Showcase

The goal of the showcase each year wawovide a forum for the teachers to reflect upon their

own learning and share this with other teachers in the project. Each PLC or building made a poster
board displaying evidence about their findings and gave an oral report. In Year 1 teachers also
engaed in focus group discussions and in Year 2 they worked in building teams to provide a mini
lesson to share the process they used with other teachers and principals, project staff and district
representatives.

Methods and data collection

Data were gathred from 30 teachers and over 1,400 students over the two years of the project. All
teachers were asked to comphetekly logof their classroom and preparation activities,

completed th&SKIT Teacher Attitude Surveyt the beginning and end of the @« and agreed

to have alassroom observatioof a lesson. Treatment teachers also complstédten reflective
activitiesas part of their PLC participation.

Students completgare- and posttestsin three FOSS modules and thWASL scenarios the
second year of the project. We also used scleal data collected in the stedeministered™
grade WASL science test

To assess the impact of the treatment condition on a continuous variable (e.g., posttest
performance), we used either a regressialyais that controls for pretest performance, or the
point-biserial correlation when we cannot control for initial differences (e.g., for WASL results). To
assess the impact of other effects, we usednayeANOVA when the explanatory variable was
categoircal, or linear regression when the explanatory variable was continuous. Wherever practical,
we state three values with our results: (Ihajue representing the statistical significance of the
effect, (2) the raw mean differences of groups, represethtengractical significance of the effect,
and (3) standardi zed est i mataastaadardizf coefficiegnt. si z e
We consider a finding statistically significant if thevalue is less than or equal to .05, and use the
commonly accepted interpretation of effect size magnitude: a medium effect sizerig galue
between .4 and .6 orvalue betweer? and .4, small effect sizes are below these ranges, large
above these ranges.

Summary of Findings

Hypothesis1: Students of teachers who participate in the treatment will ¢pa@@zgerlearning
gainsthan students of teachers who did not participate.

We analyzed studentsd science | earning with b
from the curriculum) assessments. For the proximal assessments, we used the ASK assessments for
each of the FOSS modules taught by the treatment and conttuéteaor the distal assessments,

we used sample WASL scenarios and also the-atitenistered 8 grade WASL test.

FOSS Learning Overall

To determine whether the treatment had a positive association with student performance in the
FOSS curriculum, studks were given FOSS prand postests each term. We then computed pre

and postclass averages (with matched students) for each teacher for each term to evaluate whether
treatment teachers had higher student performances than control teachers. Toaetbethier the
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treatment was associated with better performance, we regressed the avertagt poste for each
term on the treatment condition, while controlling for the average pretest score. 26 teachers
provided FOSS data from their classes.

Studentproficiencies in the FOSS curriculum are stated as falling into one of the following
categoriesNeeds InstructionpApproaches Expectatiofisleets ExpectatiorsndExceeds
ExpectationsAs is customary for ltem Response Theory (IRT) modeling, proficiereasures are
stated in terms of logits, éwg-odds units, which aresed to transform probabilitieshich range
from -infinity to +infinity, into a measurement unit with a finite scalar range. Styatefitiencies
are computed as the location on thdtlsgale that is most probable feachstudent, givernheir
responses to the itemslthough the performance categories are calibrated individually for each
FOSS module, an increase of one logit is generally associated with the proficiency needed to
perfam in the next higher category.

We found strong evidence that the treatment makes a difference in performance on the FOSS
modules.The teachers in the study collectively taught 110 modules from Winter 2008 through
Spring 2009. In a regression analysiglass average posttest performance over the treatment
condition, controlling for pretest performance, classes in the treatment group could be expected to
earn an average of 0.5 logit more than classes in the control group (p < .001, effecB8&)e

Thus, a student in a control class who is located in the upper middle rangé\pptbaches
Expectationdevel on the posttest, would have learned enough additional content to be located in
theMeets Expectationigvel, had he been in a treatment class.

FOSS Learning by Module

We also analyzed the data by module. In these analyses, we start with the individual student data
and regress posttest performance over the treatment, controlling for pretest performance in that
module. Only students who compdtboth assessments are included in the analyses. We note that
because schools were on different rotations and began at differenirtidess 1, only two

modules have treatment and control data to conmipdhat yearWe report here the practical

advanage treatment students exhibited in posttest performance, the statistical significance, and the
effect size of the treatment for each module. Table 1 lists the modules ordered by effects size for
each year; those with the highest treatment effect sizeappthe top of the list. The expected

posttest performance benefit to treatment students ranged from no Hdpdiig & Designsn

Year 1) to 1.0 logitfluman Bodyn Year 2), with the greatest benefit expected for thgrade

modules and the leasehefit expected for thé"grade modules. We did find improved outcomes

for treatment students in Year 2 compared to Year 1 for the two modules that were analyzed for
both years. We believe that this may be an indication that as treatment teachers)xganedce

withthe ASkI T strategies, their studentsé | earning
evaluate these differences in more detail.
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Table 1. Results of regressions of posttest performance over the treatment condition, controlling fi
pretest performance, for each FOSS module taught in the study.

FOSS Module Treatment & PosttesAdvantage to Significance  Effect
Control Students Treatment Students in Logit Size @)
Year 1
Magnetism & T =66
Electricity C =59 0-5 008 2l
, T=21
Models & Designs C =40 0.1 475 .09
Year 2
T=288
Human Body C =103 1.0 <.001 42
Magnetism & T=288
Electricity C=110 0.8 <.001 36
T=93
Water C =104 0.8 <.001 25
, T =200
Models & Designs C =254 0.5 <.001 .23
T =205
Landforms C =243 0.5 <.001 .18
, T=162
Environments C =232 0.2 335 .05

Learning assessed by the WASL scenarios

To determine whether the treatment had any association with student ped®mwnaa science test

not directly linked to the FOSS curriculum, students were given a WASL scenario to complete each
term. We then computed a class average for each teacher for each term to evaluate whether
treatment teachers had higher student perforegtian control teachers. To control for systematic
differences in students, we sampled students from each teacher prior to the start of the project
treatment to establish baseline performance levels.

To determine whether the treatment was associatédoetter performance on the WASL

scenarios, we regressed the average WASL score for each term on the treatment condition while
controlling for the prior yearo6s average WASL
Despite this small number of tearh, we found the treatment was a strong positive predictor of
performance on the Fall 2008 WASL scenario (N=13; treatment p = .021, effect size = .90).

Students in the treatment group earned an average of nearly a logit more than students in the control
group on the Fall 2008 WASL scenario. Interestingly, the treatment could not be associated with
performance on the Winter 2009 or Spring 2009 WASL scenarios (wirkeB838; spring: p =

.385). This phenomena would be an interesting area for future researc

Learning assessed by the State WASL tests

The pass rates (percentage of students who meet the science standard) for the paired treatment and
control schools on the Spring 2009 WASL administration were similar. Although the differences

were quite modéswe did find that treatment schools either increased their passing rates over the

last two years more than control schools, or had less of a decrease, lending support to the belief that
improving learning in the FOSS curricula could also lead to bettéonmance on state science

tests.
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Hypothesis2: Teachers who participate in the treatm@rmonstrate more use of formative
assessment for classroom decision maktiag teacheri the control group

The hallmarks of higlguality formative assessmermagtice targeted by the project include:
e The teacher uses formative assessment data to understand student learning;
e The teacher reflects on formative assessment data to make adjustments to next steps in the
classroom; and
e The teacher takes appropriate actbased on his or her reflections about student learning.

The schools participating in this project had fewer classrooms per grade level than anticipated,
resulting in small PLC team sizes. We had three teams of two teachers, one team of three teachers,
and one team of four teachers. In addition, 38% percent of the treatment teachers were out of the
classroom for a significant portion of the time they had been expected to teach, during at least one
term (more detail on this is discussed in Amalysis & Implementation Differencesection). While

the small teams made it easier for the teachers to coordinate and pace together, it also lent itself to a
less formal PLC structure and limited the number of ideas and perspectives brought to the meetings.
While the primary intent of the PLCs was to look at student work together, build consensus on how
to evaluate the work, and plan interventions, some PLCs remained reluctant to look at the actual
evidence anthstead spoke of what they found independently éir ttlassesThe PLCs were most
effective in providing teachers with opportunities to discuss thewraptirted findings, address

content issues as they arose, discuss challenges from the past activities, and to clarify the learning
goals of upcoming ls®ns.

The original intent was that the schools would take more responsibility for leading their PLC
meetings, establishing a lead within the building to take on the role of facilitator. One school did
have a lead teacher who gradually took over factitgtone school had assigned roles as part of

their PLC work as a building, and one school had pairs that just continued to work together. The
use of the grant facilitator became optional by winter and spring of the second year, however those
that used theutside facilitator remained more accountable to sustain their PLC work together.

The eight hours around each module for which the PLCs were expected to meet was done
differently in each building. All used school time for their meetings, either by pngvétibs or

using preexisting PLC time. Schools were successful in meeting those eight hours for the first
rotation or two, but it became more difficult and stressful with each rotation and began to taper off.
While teachers may have had time availdbleork on science, conflicts arose, stress levels

became high and energy shifted away from science.

The activities of the ASKHT PLCs sought to help treatment teachers learn and apply effective
formative assessment practices through a lens focused atifsciaquiry about student learning.
Our general finding, however, is that by the end of the project treatment teachers did not
differ significantly from control teachers in their attitudes about or use of formative
assessment.

We note that students ttkatment teachedid demonstrate greater learning gains in the FOSS
curriculum. This may be attributable to increased practice with the FOSS concepts treatment
teachers attained while working in the PLCs. We explore a number of additional explanatysy fac
in the more detailed analyses that follow.
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We also noted as we worked with both treatment and control teachers that the extent to which
teachers use good formative assessment practices is not limited to those who participate in a
particular projectand similarly, participating in a project does not ensure that what is learned is
applied in the classroom. In fact, participating in a research project while teaching a full
complement of classes can produce an overloaded schedule that teachers cagaohaimtain for
the duration of a project.

Summary

We expected that as a result of participating in the project, teachers would use formative assessment
more regularly, they would make better interpretations of what students need and modify lesson
plansto accommodate those needs, and they would spend more time teaching science than in
previous years, and that as a result of these
FOSS posttest would improve.

We found that treatment teachersdidses i gni fi cant | mprovements in
they gained clarity on the purpose of the FOSS lessons and felt they had improved their ability to
teach science. However, treatment teachers did not necessarily change in their attitude about
formative assessment more than control teachers. We did find that those teachers who use formative
assessment data to guide modifications to their lessons (i.e., they used effective next steps
strategies)whether treatment or control, did see their studen&hieve higher gains than teachers

who did not.

Results related to our hypotheses:

1) Treatment students generally achieved significantly greater learning gains than control
students in the FOSS science modules.

2) While we found significant learning gainstime FOSS content areas, this did not translate
into learning gains on the WASicenarios we used in this study.

3) Treatment schools did demonstrate slightly bettge& trends in meeting state science
standards, as measured by theyfade WASL test, thacontrol schools, and the additional
time devoted to science in the classroom did not negatively affect performance on the
reading, writing or math standards.

4) Treatment teachers improved their confidence and skill in teaching science, and these
changeswee greater than control teachersdé char
confirm, that the use of ASK formative assessment resources along with the professional
development did help teachers become clearer about the content goals of the mddules an
more successful in increasing student knowledge.

5) While treatment teachers did not develop a more positive attitude tavardise qf
formative assessment compared to control teachers, we did find that téeetmrases to
formative data made a diffemce, whether they were in the treatment or control condition. In
particular,havingmore frequennext steps stratées (e.g, taking action in which the
teacher gets students to reflect on their own thinking and clarify concepts) was positively
associatd with higher student learning gains.

6) Treatment teachers wela more likely than control teachers to spenideast ten minutes
per weekreviewing student workutside of class time, and they also appear to have made
more effective use of reviewing tinbeward improving student outcomes.
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Other Lessons Learned in the Project:

7) From the beginning of the project to the end, one of the most notable findings was the low
priority for science across the districts in the study (e.qg., the actual hours scierxEngas
taught, how few teachers taught the FOSS modules in their entirety, teachers telling us that
the time slot for science is the | east dho
willing to participate in the project because of the focus omeeiand the required
agreement to increase time on sciente¥cheduling time to complete the kit within the
days allottedthefacilitator learned that potentially 1/3 of those class days end up with
conflicts that supersede scienéhile a record wasot kept of this, it would be interesting
to collect specific data on this facto

8) Participatingreatmenteachers exhibited signs of great stress. Observations by the
facilitator, and supported by both the logs and the data results, show that while schoo
began with heroic efforts, the stress from added expectations and increased time teaching
science, ongoing reporting requirements for the research, and time taken out of the
classroom for professional development and PLC meetings, actually resulteelgatize
effect by winter and spring of the second yg@ome of the anecdotal evidence: While
principals helped identifgdditionaltime in the day to teach science, wlteaywere asked
at the showcasa Year 1 what waseduced tsupport teachers iputting their energy into
this project, principals admittetiat schedules were not really modifieBieachers
occasionally expressed great frustration by the conflict of knowing what they should be
doing and what they felt allowed to do by their riga@md often highly directed schedule.

9) The fact that student performances on the WASL scenarios was not associated with
performances on the FOSS modules may be an indication that the WASL scenarios are not
tapping into similar scientific reasoning as treageted by the FOSS curriculum.

10)We found that teacher logs (se#fports) were difficult to use for comparisons of teadhers
practices because teachers interpreted questions differently. However, the logs could be very
useful as formative assessment dathadlp plan PD activities. The logs did provide data
about how much time teachers were actually spending teaching and reviewing student work,
and valuable insights into teach@usderstandings of formative assessmimtexample
how they review studentork, what they consider to be formative feedback, and how they
use formative assessment data to adjust lesson plans (or not).
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Detailed Analysesof Treatment and Control Groups

Pre- and Posttest performances on FOSS modules

Students in the study compldtthree FOSS modules in the 2608 school year. Fourth graders

completed th&vater, Human BodyandMagnetism & Electricitymodules, while fifth graders
completed_andforms EnvironmentsandModels & DesignOne treatment school completed

different modile in the fifth grade rather thdnvironments t her ef ore t heir st u
not be compared with a control school.

Determining student proficiency pre and post instruction is built into the FOSS curriculum. Each
student completes a pretestlanposttest, and the tests contain the same items. Student

proficiencies were estimated using an IRT model that accounts for items of varying difficulty, and a
student is assigned a categorical level based on his or her proficiency. Ghasehmethal(e.qg.

based on item content) were used to establish the proficiency ranges for each level and were
analyzed separately for each module to reflect the relative difficulty of items within just that

modul e. Students are c| aspsriofaicehde sa sk xfipNeecet dast i lonnss
Expectations, 0 or fAExceeds Expectations. oo Stu
increase their proficiency by about 1.2 logits (the unit of measurement used by FOSS) to advance
into the next category.

As shownin Table 2 the treatment students outperformed the control students on the posttest

for every module The first column indicates the module content area. The second and fourth
columns show the difference in average proficiency estimates for treatmesturdral students,

derived by subtracting the control group average from the treatment group average. Positive values
indicate that the treatment group performed better, while negative values indicate that the control
group performed better. A differencél2 logits would indicate a full category difference between
the two groups (e.g., fAMeets Expectationso r a
fifth columns show the significance of the difference using atéiMled chisquare distributionThe

lower the P value, the more significaft.values below .05 indicate that the difference is

statistically significant; that one would not expect that difference to occur randomly. The boldface
terms in the table are statistically significant.

Table2. Pre and Posttest differencasd effect sizebetween treatment and control students on the F(
modulesfor Year 2

Module Average Pretest p Average Posttest p Posttest
Proficiency Difference Proficiency Difference Effect Size

(T-C) (T-C) (d)

Fourthgrade modules

Water .10 .53 .82 <.01 .58

Human Body .01 .94 .96 <.01 .93

'\E"Izg[‘rf’;'tsym & 48 <01 1.05 <01 1.14

Fifth grade modules

Landforms -.28 .01 .33 .01 .25

Environments .16 .25 .22 .20 .13

Models & .02 .78 49 <.01 .51

Design
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As can be seen in these data, treatment students consistently performed better than control students
on the posttest, and the difference was statistically significant for all modules excépytadd
Environmentsnodule. We note, however, that tbe Magnetism & Electricitynodule, the

treatment students started out with more knowledge than the control students, and this difference
was also statistically significant. In addition, for ttendformsmodule, the treatment students

performed more pooylthan the control students on the pretest, but still outperformed them on the
posttest. We present more detailed analyses of these differences in-feetsuts that follow.

We also performed regression analyses to determine the association of pedtiestance relative

to the treatment. These analyses lend further support to the finding that the treatment was associated
with stronger posttest performance on the FOSS modules. Individual regression analyzes for each
module are also described in thé-sections that follow.

We then computed an average gain score for ea
success in advancing student learning. We started by computing the average class gain as the
difference between the class average prétest the average posttest, counting only students who

took both tests. Then, for each module, we computed the mean and standard deviation of the gains
across all the classes that took that module over the duration of the project. We computed the
standardzed gain as the difference from the mean divided by the standard deviation for each

module. Thus, standardized gains are all stated in standard deviltgasive values represent
instances when the teacher 6s c¢l| asThe spaedarflized me d
gains have a mean of 0 and standard deviation of 1.0. From these standardized gain scores for each
class, we computed an average for each teacher across all the modules the teacher taught. Most
teachers in the study taught three, foufivse modules.

Average Class Gains by Teacher

0.5

0.4

0.3 /\
25\
0.2 7 \ Treatment
/ \
0.1 - \ = = Control

Percent of Teachers

Average Gain in Logits

Figure 1. Average prpost gains (standardized) of treatment and control teachers in Year 2.

When we ordered teachers by their average gain scores, the top six (out of 38) were treatment
teachers and the bottom 15 were control teach&ysrd-1 illustrates the average grest gains of
teachers in the treatment and control groups. A regression of the average gain over the treatment
condition indicates that the treatment had a very strong positive effect on student outcomes.
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Treatment tedters experienced average gains that were 1.14 logits higher than control teachers (p =
.001, effect size = .53).

In the sections below, we detail the findings from each of the FOSS modules.

Environments Module

162 fifth grade students in treatment ctassns and 232 control students took both the gme

posttests for this module. Pr@nd posttest performances for the two groups of students are shown

in Figures 2 and 3. Although a greater percentage of treatment students than control students met or
exceeded expectations on the posttest, we did not find the difference in overall posttest performance
to be statistically significant. The average difference in pretest performances between treatment and
control students was 0.16 logits, while the averafferdnce in posttest performances was .22

logits, with treatment students outperforming control students for both test times. For both tests, the
difference was relatively small and also not statistically significant (pretest p = .249, posttest p =
.196).

Environments Module: Pretest Results

60% 1 o

50% -

40% A

30% - e B Treatment (N=162)

20% A Control (N=233)
wdZd

0%

Percent of Students

NeedsHelp  Approaches Meets Exceeds
Expectations  Expectations  Expectations

Figure 2. Pretest results for students in the Environments module who also took the posttest.
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Environments Module: Posttest Results

60% - 3
43 50% -
% 40% "/—
*mc-, 30% - ~ B Treatment (N=162)
§ 20% -/— Control (N=233)
g 10% - -
NeedsHelp  Approaches Meets Exceeds

Expectations  Expectations  Expectations

Figure 3. Posttest results for students in the Environments module who also took the pretest.

Regression analyses also indicate that the treatment issigstiicant predictor of posttest
performance when we control for pretest performance (treatment p = .335).

Table 3 shows that students in the two groups increased their performances in very similar patterns.
Approximately 60% of students in both groupsreased their performance by at least one category.

Table 3. Percent of students who advanced to a higher category
from the pretest to the posttest in thEOSEnvironmentsnodule.

Treatment Control

Increased one category 33% 32%
Increased two catemyies 21% 21%
Increased three categories 8% 7%
Increased one or moreategories 62% 60%

When we subdivided the data into pairs of treatment and control student in matching districts, we
found that treatment students in one pair significantly outpeddroontrol students (difference in
average posttest performance of 1.17 logits, p < .001), while treatment students in the other pair
slightly underperformed control students, but that difference was not statistically significant
(difference in average pttest performance of .22 logits, p = .348)e discuss classroctavel
differences further in thAnalysis of Implementation Differencgection.

Human BodyModule

88 fourth grade students in treatment classrooms and 103 control students took bottatie pre
posttest in théluman Bodynodule. When we compare mean performances on thaiule

posttests, we find that treatment and control students performed similarly on the pretest (average
difference is .01 logits, p = .937), but treatment students datpexd control students on the

posttest (average difference is .96 logits, p < .001, d =.93). Figures 4 and 5 show the distribution of
students across the performance categories on thamgosttests. As shown in Figure 5,
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approximately 9% more treatent students than control students met expectations at the end of the

module, and 27% more treatment students than control students exceeded expectations.

Regression analyses also indicate that the treatment condition was a significant predictogsif postt
performance when we controlled for pretest performance. A regression of posttest performance on
pretest performance indicates that the pretest alone explains very little of posttest perfofmance (r

.07), while adding the treatment condition to thedel@xplains about 24% of the variation in

student séb

posttest

scores.
to control students are expected to earn .97 logits more on the postte80{pp = .42) than the
control students, placing them nearly a full category higher.

Students in
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Figure 4. Pretest results for students in the Human Body module who also took the posttest.
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Figure 5. Posttest results for students in the Human Body module who aldbdquktest.

Table 4 shows the percent of students who increased their performance by one, two or three
categories from the pretest to the posttest irHin@an Bodynodule. 49% of treatment students
increased their performance by two categories, comparealy 14% of control students. These
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Table 4. Percent of students who advanced to a higher category
from the pretest to the posttest in thFOS$luman Bodynodule.

Treatment Control

Increased one category 18% 43%
Increased two categories 49% 14%
Increased three categories 18% 6%
Increased one or moreategories 85% 62%

Landforms Module

As shown in Figures 6 and 7 for thandformsmodule, treatment and control students performed
differently on both the pretest and the posttest, and we found both differences to be statistically
significant (pretest p = .01; posttest p = .01). Of note, however, is that treatment students
undeperformedcontrol students on the pretest, butperformed them on the posttest. The pretest
difference was .28 logits and the posttest difference was .33 logits, both modest differences. The
biggest difference on the posttest, as illustrated in Figure 7, isGd@more treatment students

than control students met expectations by the end of the module.

Landforms Module: Pretest Results
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20% - ' ’I Control (N=243)
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Figure 6. Pretest results for students in the Landforms module who also took the posttest.
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Landforms Module: Posttest Results
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Figure 7. Posttest results for students in the Landforms modaelst took the pretest.

When we regressed posttest performance over pretest performance, we found that initial knowledge
accounted for 17% of the variance in posttest results. A subsequent analysis regressing over the
treatment condition and controllirigr pretest performance indicated that the treatment condition
added very little explanatory power (combinéd 20). Still, students in the treatment condition

who have similar pretest performances to control students could be expected to earrs.4blegit

on the posttest (8 .001,3 = .18) than the control students, placing them about half a category

higher.

Table 5 shows the percent of students who increased their performance by one, two or three
categories from the pretest to the posttest in.imelformsmodule. Most notable here, is that 33%

of treatment students increased their performance by two categories, compared to only 20% of
control students. These students were |ikely
the beginningpf t he modul e, into the AMeets Expectat.i

Table 5. Percent of students who advanced to a higher category
from the pretest to the posttest in theOS&andformsmodule.

Treatment Control

Increased one category 45% 44%
Increasedwo categories 33% 20%
Increased three categories 3% 2%
Increased one or moreategories 81% 65%
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Magnetism & ElectricityModule

88 treatment students and 110 control students completed both the pretest and the posttest in Year 2.
In this module, treatent students outperformed control students on both the pretest and the

posttest. As shown in Figures 8 and 9, overall, treatment students performed extremely well on the
pretest and the posttest, but the difference was much larger on the posttest.riistageats had

an average pretest score .48 logits higher than control students and an average posttest score 1.05
logits higher (p < .001 for both testkfor the posttest 1.14).

Mag & Elec Module: Pretest Results

m 70% 7 ——
's' 60% -
T 50% -
“ﬁ- 40% 1 1 B Treatment (N=88)
S 30% -
S 20% - Control (N=110)
g 10  —

O% I I I 1
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Figure 8. Pretest results for students in the Magnetism & Electm@itjule who also took the
posttest.

Mag & Elec Module: Posttest Results
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Figure 9. Posttest results for students in the Magnetism & Electricity module who also took the
pretest.

Regression analyses that control for pretest performance, however, still show that the treatment
condition was psitively associated with posttest performance. A regression of posttest performance
over pretest performance explained approximately 20% of the variation in posttest performance, but
a regression over the treatment condition that controlled for pretéstrpance explained 32% of
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the variation. This analysis indicated that among students who had the same pretest performance,
treatment students could expect to earn .8 logits more, or more than half a category higher, on the
posttest than control studentsg{p001,p = .36).

Table 6 shows the percent of students who increased their performance by one, two or three
categories from the pretest to the posttest irMagnetism & Electricitynodule. 52% of treatment
students increased their performance by tategories, compared to only 28% of control students,

and 13% increased by three categories, compared to only 5% of control students. These latter
students were |ikely to have moved from the
AExceedgs i Bxxpedctcaat egory by the end of the modu

Table 6. Percent of students who advanced to a higher category
from the pretest to the posttest in theOS$Magnetism & Electricity

module.

Treatment Control
Increased one category 26% 40%
Increased two categies 52% 28%
Increased three categories 13% 5%
Increased one or moreategories 91% 74%

When we compared treatment studentsdé6 perfor ma
found that Year 2 students outperformed Year 1 students on the bptiethed posttests, resulting

in no statistically significant difference overall when we control for pretest performance (Year 2
condition p =.113). In Year 1, 66 treatment students and 59 control students completed both the
pretest and the posttest. Timant and control students performed similarly on the pretest (p =

.624), but treatment students earned an average of .47 logits more on the posttest than control
students (p = .008l = .49).

Models & Design Module

200 treatment and 254 control studesdmpleted both the prand posttests. Treatment and control
students performed similarly on the pretest (mean difference = .02 logits, p = .780), but we found a
statistically significant difference on the posttest, with treatment students outperformirag co
students (mean difference = .49 logits; ©01,d = .51). Figures 10 and 11 show how students

were distributed into the performance categories on theapreposttests.
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Figure 10. Pretest results for students in the Models & Design module schtwak the posttest.

Figure 11. Posttest results for students in the Models & Design module who also took the pretest.

Regression analyses on posttest performance indicate that the pretest is a significant predictor that
explains about 18% ofthevarida on i n studentsd posttest scor es:s
treatment on student performance indicates that given the same pretest performance, students in the
treatment condition are expected to earn .48 logits more on the posttest than aatdrasst

(p<.001,B =.23). In addition, controlling for both the pretest performance and the treatment

condition explained 24% of the variance in posttest scores.

We also found that treatment students made greater gains than control students from the pretest to
the posttet. As shown in Table 7, 71% of treatment students advanced into a higher category by the
end of the module, compared to 55% of control students. Unlike the other modules, no students
increased their performances by three categories. Students who cortieteztiule in the
AExceeds Expectationsodo category had pretest r
category.
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