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Research Study

A. Intro duction

The Obtaining Necessary Parity Throughdécaic Rigor (ONPAR) project in science, jocdlyied out by the Center
for Applied Linguistics and the WIDA Consortium operating out of the Wisconsin Center for Educational Research &
the University of W&consin, Madisorinvestigatel how to develop and defend the validity of a set of dynamic,
computerbased science assessmeteiis in elementanand middle school. The intent wathat the items
demonstrate comparability, at the test score level, to general scores from-krgje test cores used currently in
state assessment systems. In partaaythe focus of this project veato develop these items in such a way that they
are valid for English language learner (ELL) students with the lowest literacy in English. The ONR#dReitems
developed to be equivalent to general multiple choice and constructed response science iteresghdor the

most part, different approachesere used to more appropriately address the needs of this population, while still
measuring the same content and cognitive complexity targets.

To achievehis aim, this project exploretivo main questions:

1. Can we build an accessible, compdtased, vlid and reliable assessment afisnce content knowledge
that requires of the students very little to no proficiency in the English language?

2. Can we build the ONPAStience assessment to be comparable to laacme state assessments of science,
particularly the New England Common Assessment Program (NECAP) test?

The ONPAR science itemsre built from secure test forms developed as part of the New England Common
AssessmenProgram (NECAP), and twerk wassupported by target documentation and ongoing content and
assessment interactions with the NECAP states (Rhode Island, Vermont and New Hampshire).

B. Research Approach

Cognitive Labs

Cognitive lats are a qualitative research technique that can be used to modify and improve test it€hespurpose

of the ONPAR cognitive labs wasutacoverthe cognitive processes students ukasthey worked through test

items; these labs were conducted iteratively throughdhe test development process to inform a number of facets
of item development. Botkerbal probingandretrospectivdformatswere used as part of ONPAR research (Willis,
1999; 2005). Theerbal probingnethod required that students interact with tetems while describing their
understanding to an interviewer, and thietrospectivanethod required students to first answer an item and then
explain their answer to the interviewer.

The research questions for t@NPARognitive labsvere:

1. What is the deigin of the computer interfacéhat works best with our target population?
2. Do these items measure what we think we are measuring?
3. What can we learn from these items itaform development of future items?

In order to answer these research questions, a seoiethree iterative cognitive labs per grade lewelre held
during the item development portion of the project. These labsameig November 2007, and contindéhrough to
March 2009as itemswere developed and enhanced based on previous results
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Controlled Studies

Controlled studies &", 8" and 9" gradewere conducted betweeiMay and Deember 2008 These studies
incorporatead approximately 500 students per grade with varying levels of Bnlgliguage proficiency, who had
been exposed tograde and 8 grade science content respectively.

Items weretrialed in controlled studies ahree grades (8th in May 200&nd 9" grade in November/December

with 8" grade itemsand 8" grade with 4th grade items, in Octob&ovember2008). Natie English speakers and
ELL students whose native language is SpaniBlo@anwere included in the trial. The controlled studies provitle
guantitative datato be used to compare accessibility between language groups and to separate accessibility from
student ability. Three forms of the testvere administered during the controlled study stage

9 The traditional fultext form,

1 Alow bhnguage ONPAR form which employednplete sentences and onscreen support for key words
and audio translation of textinthg@ 0 dzZRSy (1 Q& yand A @S € y3dz- 38>

1 A verylow laguage ONPAR form which contained eitkey words only, with every word supported
through interactive onscreen actions, or no rollover text.

Student test resultsvere analyzd, contolling for science and Engjti proficiency. A teacher survayasused to
collect information for each student regarding English and native language proficiency, and proficiency in each
content domain covered by the items in the controlled study. The proficiency measure classifietitsas at or
above grade level, below grade level, or well below grade level. Additionally, stvderggiven a survey following
the test administration in order to determine issues regarding access and ability. The savayendedo

produce a accessibility index for each studdntbe correlated with test resulibut sincethe results have proven
difficult to interpret, the planned accessibility index has been set aside for now and will be asltiiates.

The specific research questions tbe controlled studywere:

1. Do results for students witlow EnglisHanguageproficiency levels vary acroasdwithin formscompared
to nonELL studentahen controlling for ability?

2. How do results for other levels of English language proficiency studentasass andvithin forms
compared tononELL students when controlling for ability?

3. What are the relationships between performance and other variables for studdttigdifferent
performancelevels and are those relationships the same or different thandtudents with diffeng
English language proficiency levels?

C. Methodology
1. Sampling

Cognitive Labs

As part of the research effortgrative cognitive labs were conducted as pafta larger research agenda for the
ONPAR science project between November 2007 and March 2009. In all, 58 students $@-¢r&aen three

different school districts were interviewed in five different sessioBach session includedl® studentsWe

included students at all levels of English proficiency and different levels of science proficiency. The interviews were
conducted in either English or Spanish, based on individual student preference.
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Controlled Studies

During spring and fatlf 2008, studets in eight school districts were included in the controlled trials foadd 8"
grade items. Students with all levels of Englisbfipiency were included, withonELL (native and exited) as the
control group. The students were grouped by English pierficy as follows:

f  Low ELL: students scoringi2 on the Access for EMs f A 4 SNI O&

school

f  Mid ELL: students scag 3 or 4 on the Access for BeLst A G SNI O Ay RAOI G42NJ I yR
school

f  HIiELL: students scoring 5 or 6 on the AccesEfbm f A 1 SNI O Ay RAOI (12 NE
school

1 NonELL: studestvhose native language is English, or who have exited ELL services

Teachers for the participating students were asked to sttelent€ability on all of the science topics included in

AYRAOFG2NI | yR

the test. The total sample size for students takihe test, and those for whotte ability survey was completed are

included in the following tables:

These tables show: # students taking {gstudents with ability data)

Table 1: Number of StudentsSampled for 4th Grade Controlled Studies

4th Grade | Traditional ONPAR_LL ONPAR_VL | Total
Low 19(19) 21(21) 19(19) 59(59)
Mid 21(19) 29(28) 27(27) 77(74)

Hi 28(28) 31(30) 41(40) 100(98)
NonELL 79(78) 110(109) 97(95) 286(282)
Total 147(144) 191(188) 184(181) 522(513)

Table 2: Number of Students Sampled for & Grade Controlled Studies

8th Grade | Traditional ONPAR_LL ONPAR_VL | Total
Low 56(54) 58(55) 68(67) 182(176)
Mid 38(37) 36(35) 43(42) 117(114)
Hi 16(15) 16(16) 18(17) 50(48)
NonELL 43(41) 47(45) 48(44) 138(130)
Total 153(147) 157(151) 177(170) 487(468)

Overall, the science controlled studies were administered in 8 school distriétstates, and in 26 schools. Ifi 4

grade, the 522 students were drawn from 16 schools, and the 487 students takin{j grad® test were drawn
from 10 schools At each school, and school distrjiatre asked for studentotbe equally spread across tfaur

language categoriedut the schools selected fof4grade tended to have a higher population of NonELL students,

so that group was over sampled for this study.
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Thecontrolled study locations included

Arlington Heights, IL
Arlington, VA
CiceroJL
Coatesville, PA
Elgin, IL

Gwinnett, GA
Milwaukee, WI
Waukegan, IL

Controlled studies were conducted to evaluate the efficacy of the ONPAR science test. Three ®afeiam
administered in 23 testing sessions per day, with approximately2lbstudentsof the same grade levgler session.

In order to produce similar groups, the three test forms were installed on computers which were randomly spread
around the test roomStudents were asked to sit at any desk, so that any student entering the room would choose a
computer without knowing which form would be presented.

The randomization process seemed relatively successful, with approximately similar N sizes for bathTgrade

grade test was generally administered on 18 computers, with similar numbers of forms available to students. For th
4™ grade, there were consistently 20 computers set up for each adtratiisn, with one fewer versionf the

traditional forms aailable to students. This resulted in a slightly smaller numbef"(t&3s) of traditional forms. The
remainder of the differences in group sizes is due to randomization of seating arrangements for groups of less than
20 students.

Table 3: Number of Students by Form

4" Grade | 8™ Grade
Test Type N N
Traditional 147 153
ONPAR_LL 191 157
ONPAR_VL 184 177

2. Data Collection

Cognitive Labs

The ONPAR labs followed individually developed interview protocols to elicit information about selected items from
the ONPAR and traditional science testppraximately 515 students were interviewed in each round of labs. The
interview protocols were each developed with specific research questions in mind. During the interviews, a
facilitator probedstudent)  dzy’ R S NuBiriglogeReidgdjuestions to dermine the overalfunctioning of the

test delivery system and the test itemsitientify areaghat may have needethodification.

Generally, 23 staff membergarticipated in the labs, with one person asking questions and the othadgdtaping

and takng notes.The focus in early cognitive labs was on understanding how students interacted with the computer
interface and how they understood the layout of the computer screen. This led to the standardization of the screen
layout, hcorporation of animatd icons andhe navigation bar, andlsoinformed the development of the ONPAR
tutorial.
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processing, language ability, and reasoning strategitn all labstsdentswere asked to provide comments on the
items in terms of the clarity of the computer interface, instructions, and other aspects of the test questions as they
worked through them.Additional questionsvere asked of the studestafter the tasksvere completed if necessary.
Facilitators ecordednotes on observation protocol forms antleotgped the interviews to further capture
A0dzRSyGaQ AYGSNrOlAz2ya gAGK GKS YdzZ GAY2RIEf 02 YLJzi SN

In addition to science items, cognitiles were used to trial different versions of the student tutorial, the student
guestionnaire and the teacher questionnaire.

The progression of the cognitive labs was:

1 Early labs emphasized:

0 Student interface

0 Item types

0 The efficacy of replacing text witmages
1 Later labs focusedn cognitive issues, including:

o Directness to latent construct

o Cognitive density

o How target schemas are engaged

Oncethe labswere complete,the notes and videtapeswere reviewedby the interviewers and results were
preseried to the item development team. The results were usethform revisions othe test formatandtest
items and to inform overall item development

Controlled Studies
The brmat for the controlled studiesvas as follows:

o CAlbroughtlaptops toschoolgo control interface and technical issues

0 Requiral approdmately 1.5 hours/ student

0 Groupsof 1520 students simultaneously

0 Test administered in-3 sessions per day

0 Tracked students response on items

o Itemswerefollowed by access questionnaif@eliveredin nativelanguage)

o Formswere randomlyassignd acrossstudents in each session

o 3forms withl3-14items each

o For each grade, 500 studentequested distributed across 4 language groups

3. Instruments

Cognitive Labs

Interviewers followedh protocol for the cognitive las,which included an introduction, a computer survey to
determine student computer literacy, and item specific questions. The item questions were adjusted during each
administraion to focus on the purpose @ach specific Il Each session had either one or two observers, and the
observers completed an observer template for each item viewed. Additionally, students wereliffeeant
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versions of the student tutorial to inform its development. Interviews were conductedhereSpanish or English,
so all materials were translated into Spanish.

Samples of the cognitive lab instruments are includefippendixXW: Cognitive Lab Instruments

Controlled Studies
Students from each grade level were randomly assigned to one of three forms. The traditional form included
traditional science items, which were based on NECAP, NAEP or items creadedan

Two versions of the ONPAR forms weraléd, the ONPAR low language and ONPAR very low language forms, with
the goal of identifying the &t accessible level of languafpe the computer based items. The differences between
the two ONPAR forsare listedbelow:

Table 4: DifferencesbetweenONPAR Forms

Low Language Very Low Language
Use simple, sentence level = Use simple, phrasal based
prompts. language prompts.
Provide L1 or English audio = Separate the prompt into a
translations to reference to the content
accommodate compre- schema and a task demand.
hesion of the item prompt. - No L1 translations.
Use links between most - Use links between all
language components and language components and
their non-language their non-language
counterparts. counterparts.
Minimize the level of - Greater inferencing
inferencing required to required
comprehend the prompt.

Each testing session began with a studertial to introducethe formatof the items, and to help orient students
to the screen. Next, each student was administered one of the three test forms which included 1Bamnd4
Finally students took an online survey, in either English or Spatodtiifferentiate between accessibility and ability
issues on each item. The student survey followed the test administratioinahaied questions about 50% of the
total test tems. In addition,teachers were given a survey to identify student demographics, and to rate student
ability in the content areabeing presented on the test thetudent was taking.The science ratings are intended to
be judgments of student ability omé following scale:

1 consistently below grade level
1 sometimes below grade level
1 meets or exceedgrade level

The ONPAR test versions presented to students for the controlled studies are available on the accompanying ONP
CD. Samples of the cognitive lab instruments are includégpendixT: Controlled Study Instruments
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The other analysis done for these items was an item level discourse an@hkiinguists conduerd a discourse

analysis of the science tasks designed to predict the oveshlrenceof test itemsand dace items on the same
coherency scale, regardless of whether they are-teaged or use mostly alternative semiotic representations.

Project linguists adaptd a model for analyzing the discourse coherence of test items developed by CAL staff for use
with the ONPAR project (Bauman, 200B)is model idased on the presence or absence of specific discourse
components (i.e., by characterizing the interface between cognitive, semantic, syntactic, lexical and discourse
phenomena), anduses a comprehensive aimtegrated coding scheme for analyzing explicit and inferred linguistic
and nonlinguistic aspects (Kress & van Leeuwen, 2006; Bateman, 2008) of individual items thaugie tho
interactively structurehe same mental representatioris different testtakers

The coding scheme is a quantitative tool used to better predict areas of item weakness and provide a measure of
relative effectiveness of the different semiotic modalities used in different item typles.CAL linguists wa#t

closely with the iten development and research teams in applying insights from these analyses to ongoing item
development procedures and later in conjunction with results from the controlled tiiaks discourse analysis
modelwas used tgrovide a means to place thetéradive and the traditional multiple choice and constructed
responsdtems on the same scale by ranking them from good to pdarespective of whether the item format is
traditional or multisemiotia from a linguistics/discourse perspectivEhe resulting disourse index was included in
the item level analysis and is shown by item includefippendixU: Controlled Study ResukisTest Level

Additional information abut the dscourse analysis procedure is foundijppendixP: Discourse Index

4. Scoring

Controlled Studies
Items for the ONPAR and traditional items were scored simikgithyer as dichotomous or multilevel items,
depending on the expected level of differentiation of science knowledge for each item.

During the final analysis, some of the items were removed because the students had difficulty answering them, or
because thémages or text were confusing for students. The discourse analysis identified similar problematic items,
so this methodology will be applied to future items prior to any controlled trials. For this analysis, any ONPAR_LL
item with a p value below .05, orith a theta identified from winsteps as being beyond 4.0 was eliminated from

the analysis, along with theorresponding traditional item.

There were 14 items originally includedthe 4™ grade test, and 13 items in thé'@rade test. After poorly
performing items were removed, we anabd the results of 11 items on each test, with an average DOK level of
2.09 for the &' grade test, and 1.91 on thé“&grade testFor the taditional test form, 5 of the 14”hgrade items

and 2 of the 138 grade items were constructed response. The remainder of the items were multiple choice.

The following summary shows the items included in thedd 8" grade tess.

Table 5: Iltems and Scoring
Grade | #items | # # items Name of item Domain | DOK| How Status in final
infinal | original | omitted (in order of Scored | analysis

analysis| items | from final | presentation)
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analysis
4 11 14 3 Springs PS 1 0/1

dichotomous | \Weather ESS 2 Omitted

items Crocodile LS 2 0/1
Buoyancy PS 2 0/2
Garden ESS 2 Omitted
PondEcosystem ESS 3 0/3
SubstanceSeparatior] PS 2 0/1
FoodWebCrises LS 2 0/1
HeatedSand PS 2 0/2
Magnets PS 3 0/3
Settling Rocks PS 2 0/1
BunnyAdaptation LS 2 Omitted
EarthMaterials ESS 2 0/1
RollingBalls PS 2 0/2

8 11 13 2 AnimalCell LS 1 0/1

dichotomous | ChangingPhases PS 2 0/1

items, Decomposer LS 2 Omitted

plus 1 item | Molecules LS 2 0/1

initially ForceBox PS 2 0/1

presented | MuscleRespiration | LS 2 0/1

as DOK 3, | HeatTransfer PS 2 0/1

and Saturn ESS 1 0/1

retained as | MoonPhases ESS 2 Omitted

DOK 2 Density PS 2 0/1
Photosynthesis LS 2 0/1 Omitted 1 scene
ToolkitElectricity PS 2 0/3
PowerPlant LS 3 0/3

Scoring ubrics were developed by the itemriters for all itemsAll ONPAR itemsxcept for the & grace Power
Pant item were scored by computéased algorithmsThis item proved to be too complex to develop an
automated scoring routine andas scored holistically, by handor the traditbnal test, all the dichotomougems
were sored by computer, and the constructed response items were scored by hande rater, with a 10% score
behind by a second rateiScoring ubrics are included iAppendixN: Scoring Rubrics

For the items which were double scorexthd interraterreliability analysis was done, and the results may be found

in AppendixU: Controlled Study Result§ he exact agreement between scexaried from 67% to 93%, and the

raters scored 100% of the items as either exact or adjacent. Correlations between the two raters range from 0.829
to 0.999 foreach item.

Table 6: Interrater Reliability

Mean Std Mean | Std % Exact or | Correlation
Score Dev Score | Dev %Exact Adjacent Between
Grade | Item Rater 1 | Rater 1| Rater 2 | Rater 2| Agreement | Agreement | Raters
4 Pond Ecosystem /0 | 910 | .333 |.617 |80% 100% 1920
Traditional
4 Heated Sand | 5.4 724 | 200 |.414 |87% 100% 953
Traditional
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4 Magnet Inquiry- | ;54 516 |.067 |.258 |93% 100% 1999
Traditional

4 Rolling Balls 867 834 |1.067 |.799 |80% 100% 872
Traditional

8 g‘,’\l"fA‘r; lant | 476 |82 |.476 | .862 |86% 100% 930

8 Power Plant 1222 |1.060 |1.222 |1.003 |67% 100% 829
Traditional

5. Scaling

Raw sores from the controlled study were scaled mler to make form level comparisons. The forms were
equated so that all three forms had a mean of 500 and standard deviation of 100.

Calibration, Equating and Scaling Procedures

TheRasch modgRasch, 1980pr the dichotomous response itenasd one ofits polytomous extensiaos) the
Partial Credit modglPCM) (Masters, 198®)r the nondichotomous items, weréhe Item Response Theof\RT)
modek used to calibrate, equate, and scale tha@enceONPAR and traditional items/test forms

All test analyses, including itefit analysis scaling, equating, and diagnogiere accomplished withiboth the IRT
framework and using classical teéseory. The statistical software used to calibrate, scale, and eqtetéems and
test formswasSAS2009) andWINSTEP&inacre, 2009)

The Rasch and Partial Credit IRT models

Oneexpression of the Rasch model is in the Item Characteristic Cu@ {Ike ICC shows the probability of a
correct response to an item as a function of the ability level. The probability of a correct response is bounded by 1
(certainty of a correct response) and 0 (certainty of an incorrect response). The ability Scetledsry,

unbounded. In practice, however, the ability scale ranges f#io +4 logits for heterogeneous ability groupss

an example, considdfigurel, whichdepicts an item that falls at approximately 0.85 on the ability (horizontal) scale.
When a person answers an item at the same level as their ability, then that person has a probability of@c@hly

of answering the item correctly. Another way of expiiagshis is that if we have a group of 100 people, all of whom
have an ability of 0.85, we would expect about 50% ofrtlie answer the item correcthA person whose ability

was above 0.85 wouldavea higher probability of getting the item right, whilgparson whose ability is below 0.85
would have a lower probability of getting the item right.

Figure 1: Sample item characteristic cirve
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Figure 2: Category response curves for a onstep tem
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The key step in the formulation, and the point at which the Rasch dichotomous model merges with the PCM,
requires us to assume an additional pesise category. Suppose that rather than scoring items as completely wrong
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or completely right, we add a category representing answers that, though not totally correct, are still clearly not
totally incorrect. These relationships are showrrigure3.

Figure 3: Category response curves for a twatep item
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The leftmost curve j€0) inFigureSNB LINS a Sy ia GKS LINPOlF oAt AGeE F2NILFff S
incorrect) on the item, given their ability. Those of very low ability (e.g., b&2pare very likely to benithis
OFiS3I2NE FYRZI Ay FLFOGZ IINB Y2NB fA1Ste (2 060S Ay (KA
tend to fall in the middle range of abilities (the middle cuned,). The final, rightnost curve jE2) represents the
probabih 1@ F2NJ 1K2aS NBOSAGAyYy3 a2 NBlily pedfe ateeléarlydnord kelyitaS (i S f
be in this category than in any other, but there are still some of average and low ability that can get full credit for the
item.

Although theactual computations are quite complex, the points at which lines cross each other have a similar
interpretation as for the dichotomous case. Consider the point at whiclit@dine crosses thig1l line, indicated by

the left arrow. For abilitestothe®eld 2F 62 NJ f Saa (KIFyo0 (KA& LRAyG:E (KS
right of (or above) this point, and up to the point at which jhé& andj=2 lines cross (marked by the right arrow),

GKS Y2aild tA1Steé NBa2ZRYKRS MNMBIKG GME ol ICRAJI LIDMY KX ABMAS (Y
GKS LINPOIFOAT AGE 2jEL debigedih ko dilectignsias abNifs detrdhse s t& thedlow extreme or
increases to the high extreme. These pojthen, may be thougt of as the difficulties of crossing tlieresholds

between categories.

The Rasch model applied to dichotomously (right/wrong) scored items can be thought of as a special case of the
PCMsothe act of scaling multiplehoice items together with polytoous items, whether they have three or more
response categories, is a straightforward process of applyin@ @

One property of the PCM is its ability to separate the estimation of item/task parameters from the person
parameters. With the PCM, as withag Rasch model, the total score given by the sum of the categories in which a
person responds is a sufficient statistic for estimating person ability (i.e., no additional information need be
estimated). The total number of responses across examineesartiayar category is a sufficient statistic for
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estimating the step difficulty for that category. Thus with PCM, the same total score will yield the same ability
estimate for different examinees.

The PCM is a direct extension of the dichotomous-paeameter IRT model developed by Rasch in the 1950s
(Rasch, 1980). For an item/task involvingscore categories, one general expression for the probability of scering
on item/taski is given by

Equation 1

X TH;

P, =exp). (6 — Dy )| expi (6 - D, ]
=0

J=0 k=0]

where x =0, 1, .... m;, and by definition, Z {H -D, .]: 0.

The above equation gives the probability of scosirm thei-th test item as a function df 6 A f)/&rid &he 0
difficulty of them; steps of the task (Masters, 1982).

According to this model, the probability of an examinee scoring in a particular category (step) is the sum of the logit
(log2 RR& 0 RA F TS NEB yDoball thé driipietedSsyeps, divitled By the sum of the differences of all the
steps of a task.le parameters estimated by this model are (1) an ability estimate for each person (or ability
estimate at each raw score level) and if2threshold (difficulty) estimates for each task with+ 1 score

categories.

Equating and Scaled Score Derivation Proceduresfor ONPAR
Equating othe ONPAR LL, ONPAR VL, and the Traditestdbrms involved ensuring th#tte item and person
parameters and the scaled scores derived from the parameters were comparable (on the same scale).

Asstated earlier, the ONPARMSs were developed from the traditions items with the intention of testing the same
construct.The data collection design used was the Deflignocedure forandomly equivalent group@ngoff,
1971).

In order to obtain parameter estimates for bothetitems on each form, the Rasch model (or PCM)aalibrated

for each test form at a grade level. The parameter estimates for each form were placed on a common metric by
fixing the person ability measures to a mean of zfiais resulted in the item paraaters forall forms being on the
aryYS oAfAdGe aloltSed ! O02yaSljdsSyOoS 2F (KAa ¢la (GKFGzZ
different forms that could be considered equivaleburing the calibration process, several itemsathbgrade 4

and 8 were removed due to lack of fit to the modehe item calibrations and final item parameters can be saen

Table The final step consisted of obtaining for each form the ability score or theta correspondimg éstimated

true score This was done by iteratively solving the expression:

Equation 2

True Score = Z Z j-P,(0)
i=l =0

whereR6 * 0 A & 0KS LINPoOolFoAfAGE 2F | O2NNBOG NBalLrRyasS ¥F2
scored O, ...m..
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Figure 4: True Score Equating
40 +

30 1+

20 +

True Score

—Test X
———TestY

Ability

Figured illustrates these concepts for two hypothetical test forms, X and Y. In this figure, the true scorehmf eac

the forms are plotted against ability usiiguation2. By drawing a line from the ability (here shown for an ability of

0) to each of the respective curves, amdving across to the true score scale, one can find the pairs of true scores
that are equated to one another. According to Lord and Wingersky (1983), the procedure applied to true scores car
be transferred to observed scores without any major anomaliglséresulting outcomes.

Scaled ScoreTransformation
The scaled scores used the primary statistical analyses were derived directly from the person ability measure
(thetas). A linear transformation was used fixing the mean at 500 and the standardioiewt100.

Table 7contains the raw score to scaled score transfations for grade 4 by form and Table@ntains the
information for grade 8.

Table 7: 4" Grade Raw Score to Scaled Score Table

(Items 2, 7 and 1Aemoved

Scaled Scores
rawscore| Traditional ONPAR_L ONPAR_V
0 267 239 262
1 267 239 262
2 369 336 350
3 427 398 407
4 468 446 451
5 502 486 489
6 531 522 523
7 557 555 555
8 580 586 586
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9 602 617 618
10 622 646 649
11 642 675 681
12 661 704 712
13 680 735 743
14 701 772 776
15 726 820 813
16 758 892 862
17 813 1020 942
18 813 1020 942

Table 8: 8" Grade Raw Score to Scaled Score Table
(Iltems3and 9removed

Scaled Scores
rawscore| Traditional ONPAR_L ONPAR_V
0 294 338 358
1 294 338 358
2 378 424 437
3 431 481 489
4 473 523 531
5 508 558 565
6 539 587 596
7 567 614 623
8 594 641 649
9 621 668 674
10 648 697 700
11 677 730 729
12 713 771 764
13 761 824 811
14 840 907 885
15 840 907 885

All scaled scores within a grade level were directly comparable and descriptive information of the scaled scores car
be seen iM\ppendixU: Controlled Study Results

6. Data Analysis Plan

Cognitive Labs

Results of theognitivelabs were reviered qualitatively by item typand content areas to determine any construct
irrelevantinformation presentedand toanswer theresearch questiondResults were used to inform item
developmentand to investigate student interactions with computer based items
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Controlled Studies
The results from ta controlled studies were analgd at test level, and at item level in ond® answer the research
guestions. Planned analyses included:

Test Level Analyses
ANQOVAs were run for'land 8" gradescaled score reswtto answer the research questi®ihe results of the
ANCOVA were analyzed to find statistical evidencestgport which form was most effective for ELL students.

Variables included in thANCOVAanodel include:

9 Scaled Score for each test form was the dependent variable in the model
o Each form was scaled to mean score 500, and standard deviation 100.
9 Tesilype-the 3 forms being tested
o Traditional
o ONPAR_LL
o ONPAR_VL
1 ELL groug students were assigned to an ELL group based on their ELL level:
0 Lowc{ GdzRSyia 6Kz aO2NBR m 2N wereikgiviigEed sen@&Saa T2
0 Mid¢Studentswhoscored 2NJ n 2y GKS | Owfbedeieivin®Bll sBrjidesa v (1 S &
0 Hic{ 6dzZRSyia 6K2 &a02NBR p 2N werekeeivitgfES sen@€Saa T2 NJ
0 NonELIg Students who were either native English speakers or exited from ELL services.
1 Ability Index from eacher questionnaire
0 Score between 0 and 3, with 3 indicating higher ability
0 Entered as a covariate to control for student ability.

The model design for thaNCOVAncludesthe intercept and the interaction between form and group (Tesd¥p
ELLGroup), with ability entered as@variate. The main effects wereaxded from the model design bause, for

form, the test scores were scaled to have the same mean and SD, sonberao differences between forms, and

for group, we expected tferences in the overall scores between ELL groups, however this analysis focused on the
interaction between form and groupA significance level of .05 was used for all statistical tests.

In addition to observing the interaction of ELL group and formsaimgble effect of form, the following a priori
comparisons were investigated to compare the ONPAR_LL and ONPAR_VL forms to the traditional form:

1. Comparing student scaled scores on ONPAR_LL form to the traditional form:
1 Low Traditional to Low ONPAR_LL
9 NonHE.L Traditional to Low ONPAR_LL
9 NonELL Traditional to NonELL ONPAR_LL

2. Comparing student scaled scores on ONPARorm to the traditional form:
9 Low Traditional to Low ONPAR_VL
1 NonELL Traditional to Low ONPAR_VL
9 NonELL Traditional to NonELL ONPAR_VL

3. Comparing student scaled scomeghin forms
1 Low ELL to NonELL for ONPAR_VL, ONPAR_LL and Traditional forms.
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Originally an ecess indicator was planned for the analysis, and the access survey was presented to all students wh
took one of the thredorms in the controlled study. However, the ONPAR team fdliatthe interpretation of the
survey resulted in inconsistent ressjlso the access indicator has been omitted from all of these analyses. Work will
continue on the interpretation of the rests that have been collected.

Item Level Analyses

Item level analysis was done for the ONPAR_LL and traditional items at'baititl 4" grade in order to determine

traits of items which were successful. Logistic regressions were run for all the diched@tience items.

Polytomous items were analyzed using multinomial regressions. For all the regressions, the emphasis of the analys
focused on determining which variables were significant predictors of the st@scbre. There are 11 items

included foreach of the & and 8" grade tests. Of these, 5 of th& grade items are polytomous, and 2 of th& 8

grade items.

The dichotonous items were analyzed using thremdels to determine the significant predictor:

1. Model 1-only ELL level as a predictor
2. Model 2¢ ELL level and ability index included as possible predictors
3. Model 3 ELL level, ability index and discourse index included as possible predictors.

The models were run using student score as the dependent variable. The independent variables included

T {0dZRSYyGaQNBLRNIS@ASDE BEKS ! 00Saa F2NJ 9[[aun tAGSNI O
T {(dzRSy(GaQ FoAtAGe AYRSEXZ a4 NBLRNIGSR o6& GKS (SI OK
9 DOK levet the test includgd items at DOK levels 1, 2 and 3
9 Discourse indeg this index describes the consistency amakity of the item, and was sorted into three

approximately equivalent grougizes, labeled bad , mid and gocobhe items were grouped as follows:

Groupings for discourse index Number of Items

g(:trégory grade 4 grade 8 grade 4 grade 8

bad <1.18 <1.18 5 8

mid 1.18<=mid<=1.47 1.18<= mid<=1.54 10 6

good >1.42 >1.54 7 8

Following the regression runs, further analysis was dammvestigate the tras of different items which studets

had more difficulty answeringn order to consider these different item traits, an analysis was done tlgndgtem
measures produced using winstepgh the entire sample of itemslhese item measurege an indicator of the
difficulty level of each item, with a higher number iratiag a more difficult item on the Rasch scalbese

measures are a Rasch measure, and are independent of DOK |#gais have been judged to be similar DOK levels
across forms, but these items show that students are responding differently.

Other Analyses
Finally, additional ANO\Avere run to verify the randomness of the sample over forms, and to look at the

relationship between variables. Additionally, descriptive statistics were produced for all variables.

PR/Award #: S368A060007 onparresearchreport Pagel8of 36
06/30/2009



D. Results

Cognitive Labs
Eachset of cognitive labs informed further item developmeand our understanding of how students interacted

with test items. Findings were included in the following broad areas

1. Accessibility We found that theaccessibilityof itemsis affected by themount of text,the amount of
information being presentedhe overallcoherence of the item, and the clarity of images

2. Onscreen supports These supports were established due to observations during the cognitive labs, and
include rollovers and animated icons. These sufgpimdicate active areas, support language, and assist
students with the task demand without requiring additional language.

3. Screen layout We observed how students processeée information on the screen,ral standardized the
design of the layout in orddp help students process the item in an order that makes sense for
comprehending the context, the content and the task demand of the item.

4. Transitioning We discovered that how students traition through items helps with their comprehension.

We founditems covering a raregof content areas are more effective when an opening scene is presented to

identify the content, without immediately presenting the task demand.

5. Computer Skillg We found that students with the lowest English language proficiersay i@nded to have
the lowest computer proficiency. This information was used to develop the interactive student tutorial so
that all students were comfortable with the items after experiencing the tutorial.

6. Review page We found that students were uncomftable submitting their responses and not being able
to revise their answers, so the we developed a review page which indicates whether a question has been
answered. Students may use the review page to go back and look at any of the questions.

Detailed esults of the ognitive lab are included iAppendixK: Cognitive Lab
Controlled Studies

1. Descriptive Analysis

Reliability analyses were completed for all itemsfdiyn. The & grade items on the ONPAR_ Linfchave a higher
reliability thanthe 4" grade itens, andthe traditional form has a higher reliability than tt@NPAR forms.

Table 9: Reliability of Items by Form

Reliability 4th Grade 8th Grade
N of Cronbach's N of Cronbach's
TestType ltems Alpha Items Alpha
Traditional 11 0.68 11 0.58
ONPAR_LL 11 0.44 11 0.51
ONPAR_VL 11 0.56 11 0.65

The correlations betweercaled score and ability index, shownTiablel0and Tablell, show that the correlation
the ability measure is much better correlated with studeesults for the 4 grade than for the 8 grade. Part of this
difference is in the difficulty in collecting ability scores for specific content areas fof'theale students. Since

content standards do not align directly across districts, we fountsbme studens had received the content
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before middle school, however teachers were not able to comment on student ability in those areas. Similarly, somq
students had moved on to high school, so records were difficult to track down for our purposes.

The4™ grace results, however, show that the ability index does seem toadate with student ability in thenanner

we expected. The correlations between ONPAR_LL results and ability arethagh#ar thetraditional form for the

low ELL, high EBbd nomELL groupd-he ONPAR_VL results indicate that additional factors, most likely the amount
of inferencing loagdmay have impactedtudent€xomprehension of the test items.

Table 10: Correlations between ScaleScore and Ability Indexth Grade

Traditional | ONPAR_LL ONPAR_VLU
ELLGroup Variable Statistic ABIndex ABIndex ABIndex
Low ScaleScore Pearson Correlation 0.23 0.33 0.00
Sig. (2ailed) 0.35 0.14 0.99
N 19 21 19
Mid ScaleScore Pearson Correlation 0.34 0.18 0.26
Sig. (2ailed) 0.15 0.35 0.19
N 19 28 27
Hi ScaleScore Pearson Correlation -0.23 0.20 0.05
Sig. (2ailed) 0.24 0.30 0.75
N 28 30 40
NonELL ScaleScore Pearson Correlation 0.24 0.33 0.22
Sig. (2ailed) 0.03 0.00 0.03
N 78 109 95
Table 11: Correlations between ScaleScore and Ability Index8th Grade
Traditional ONPAR LL | ONPAR VL
ELL Group Variable Statistic Ability Index Ablily Index | Ability Index
Low ScaleScore Pearson Comrelation 0.06 -0.02 0.07
Sig. (2-tailed) 065 0.87 0.56
N 94 55 67
Mid ScaleScore Pearson Correlation 0.23 017 000
Sig. (2-tailed) 017 0.32 0.98
N 37 35 42
Hi ScaleScore Pearson Correlation 027 -0.10 0.15
Sig. (2-tailed) 034 0.72 058
N 15 16 17
NonELL ScaleScore Pearson Comrelation 0.04 0.05 0.02
Sig. (2-tailed) 0.79 0.75 091
N 41 45 44

Additional descriptive tables are includien the AppendixU: Controlled Study ResulésTest Level
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2. Test Level Analysis

ANCOVA

Results for both 4and 8" grades show evidence that the ONPAR_LL form is a more effective instrument to
measure science ability for students with limited English proficiency. Students with different ELL levels scored
significantly differently on the traditional and ONPAR_VL formhgreas there were no significant differences
observed between student scores on the ONPAR_LL form when controlling for ability.

Also, the control group, which includes native English and exited ELL students, performed similarly on both the
traditional and ONPAR_LL forms. Combining this finding with the similar scores on the ONPAR_LL form shows the
low ELL students being more impacted, in a positive way, by the changes in the items on the ONPAR_LL form.
Further, for & grade there is evidence that thedoELL group performed significantly higher on the ONPAR_LL form.
For 4" grade, a small sample size in this group reduced the power of the statistical procedure to observe differences
across forms, so while low ELL students scored higher on the ONPAIR,lthdaesult is not significantly higher.

b23S GKIG [ S@SySQa GSad 2F Sldzd tAdGe 2 WNOOVNNBRINGE T NA |y
significance test holds for these data, indicating the error variance of the dependent variabl@isemss group

ANCh+! Q& F2NJ 620K 3INI RS 6SNB NHzy ¢"\ginde, withomr abdity it the2 dzi | 6
model, there are still significant differences betweeblL groups on the ONPAR_LL formei&bility is controlled

for, howeer, then the differences are reduced. This is interpreted as an indicator that the ONPAR_LL form allows
low ELL students to better demonstrate their science ability. Egrade, results were similar with and without the
ability measure.Results belowriclude the ANOV&with ability as a covariate.

4t Grade Results
The ANDOVA result for % grade is shown in the following table. The model shows a significant intemaEticge=
2.29 p=0.0) of form/ELLGroup, with ability a significant covarigden=23.51, p€©.01)

Table 12: Interaction of Form and ELLGroup, controlling for Ability T 4th Grade

Source of Variation SS DF MS F P
TestType * ELLGroup (adj 219868.51 11 19988.05 2.29 0.01
ABIndex 205582.75 1 205582.75 23.51 <0.aL
Within (adj) 4371503.67 500 8743.01

Total 479695493 512

The following graph shows the scaled scores for the students in each of the ELL groups on each form, and
demonstrates the interaction of form and groups. This graph indsgderes that have been controlled by ability

Figure 5: 4th Grade Scale Score
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The apriori comparisonsgontrolling forability, are included in the table belaw

Table 13 A priori comparisons for 4th Grade

Comparisons for ELLGroup| ELLGroup| ELLGroup

Grade =Low =NonELL | =NonELL
Trad Trad ONPAR_LL

GROUP/FORM Dyads | N=19 N=78 N=109

ELLGroup| ONPAR_LL| NS Sig NS

=Low N=21 p=371 p=.033 p=0.215

ELLGroup| ONPAR_LL]| NS

=NonELL | N=109 p=469

ELLGroup| Trad Sig

=NonELL | N=78 p=0.001

The apriori analysis showed thdhere are significant differences in scores for students in diffeEgdl. gpups on

the traditional form =0.01) and the ONPAR_VL form (p=0.01), however there are no significant diffarences
student groups on the ONPAR. form (p=0.67). When the ANO¥¥#ere run without ability as a covariate, then
significant differences were observed between ELL groups on alfoowever, some of the variance in the scores
has been accounted for by tlwntrolling for ability. This finding indicates that low ELL students are better able to
demonstrate their science knowledge on the ONPAR_LL form.

Differences between groups are still observable on the ONPAR_VL form because the mid ELL group performed
relatively worse, even though the low ELL group performed closer to the control group than on the traditional form.
The ONPAR_VL items require more inferencing than the ONPAR_LL form, and individualetffeilehe

examined in the itenfevel analysisection to explain the differences between the items on each of the two ONPAR
forms. Note that ability is a significant covariate for eacthefforms.
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There resultalsoshow that the MNELL group performs similarly on all forms. Also, while contrddimability, the

Low ELL group performs sificantly lower tharthe NonELIgroup on the traditional form, but performs similar to

the NonELL group on the ONPAR_LL formal¥eeeing an increase in the scores for the low ELL grobptorof

the ONPAR fams; howeverwith the small sample size for the Low ELL group, the statistical test does not have
sufficient power to observa significant increasd.hese findings overall support the hypothesis that the ONPAR_LL
form is a better measure of science atyilior the Low ELL group.

8th Grade Results

The ANDOVA result foB™ grade is shown in the following table. The model shows a significant intemaEtiass=
5.46, p<0.0] of form/ELLGroupFor this gradeability is nota significant covariatér, 4s5=0.46 p=.50, however ,
ability was included in all analyses so that results were comparable between grades.

Table 14: Interaction of Form and ELLGroup, controlling for Ability i 8th Grade

Source of Variation SS DF MS F P
TestType * ELLGroup (adj) 545393.62 11 49581.24 5.46 <0.01
ABIndex 4129.05 1 4129.05 0.46 0.50
Within (ad)) 4130672.91 455 9078.40

Total 4680195.58 467

The following graph shows the scaled scores for the students in each of the ELL greaphk @rm, and
demonstrates the interaction of form and groups. This graph indsgderes that have been controlled by ability

Figure 6: 8th Grade Scale Score
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Similar to the results for4grade,within form analysestow tha there are significant differences ieares for
students in differenELL Groups on the traditional form ( p <0.01) and the ONPAR_VL form (p <0.01), however ther:
are no significant differences in student groups on the ONPAR_LL form (p=0.19). Thegsifidiiates that low
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ELL students are better able to demonstrate their science knowledge on the ONPAR_LL form. fgrate,8

results were similar with and without ability as a covariate. Ability is a significant covariate in the ANCOVA model
(p=.05), however laility is not seen as signficantcovariate in any of the posthoc analyses by form (p>.05). Ability is
included in all of these results for comparison with tegtade results.

Thea priori comparisongor 8" grade controlling for &ility are included in the table below. :

Table 15: A priori comparisons for 8th Grade

Comparisons fo8" ELLGroup| ELLGroup| ELLGroup

Grade =Low =NonELL | =NonELL
Trad Trad ONPAR_LL

GROUP/FORM Dyads | N=54 N=41 N=45

ELLGroup| ONPAR_LL]| Sig Sig NS

=Low N=55 p=050 p<.001 p<.001

ELLGroup| ONPAR_LL]| NS

=NonELL [ N=45 p=093

ELLGroup| Trad NS

=NonELL | N1 p=0.055

Differences between groups are still observable on the ONPAR_VL form because the low ELL group performed
relatively worse, even though the mid ELL group performed closer to the control group than on the traditional form.
The ONPAR_VL items requires moiferiencing than the ONPAR_LL form, and individual differences will be
examined in the items level analysis section to explain the differences between the items on each of the two ONPA
forms. Note that ability is a significant covariate for each of forms.

There results show that the NonELL group performs similarly on all forms. Also, while controlling for ability, the Low
ELL group performs significantly lower than the NonELL group on the traditional form, but performs similar to the
NonELL group on the ®RR_LL form. Fol'§rade, the Low ELL group scored significantly higher on the ONPAR_LL
form than on the traditional form. These findings overall support the hypothesis that the ONPAR_LL form is a bettel
measure of science ability for the Low ELL group.

3. Item Level Analysis

Logistic Regressions
The dichotomous itemwere analyzed using 3 models to determine the significant predictor:

1. Model I only ELL level as a predictor
2. Model 2¢ ELL level and ability index included as possible predictors
3. Model 3 ELLUevel, ability index and discourse indexlunded as possible predictors

The Model 1 results showed that when only ELL level is included in the model as a predictor, then ELL level was «
significant predictor for 66% of the overall items, with veryditiifference between results for ONPAR and
traditional items, so this model does not provide very much information about the items, and was rejected.
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Model 2, which included both ELL level and ability, had more discrimination, and showed that whgnesilit
entered into the analysis, there were observable differences between the item versions, with ability appearing as a
significant predictor more frequently for the ONPAR items.

Model 3, which included the discourse index, could only be run for tHethcous items because the index is a
constant within each form, and did not have enough variation for the model to run with the polytomous items. The
following analysis includes summary of model 2 and model 3.

The tables of results, shown AppendixV: Controlled StudResults; Iltem Level includes detail of item results

sorted by DOK leveThe results for Model 2 shotlhat ONPAR items are much less likely thanttladitional

versions to have EL&viel as a significant predictarhen ability is also included in the model. In total, six of the
traditional items, across all DOK levels, show ELL level to be a sigmpfiedictor, compared to only on@NPAR

item atDOK 3. Further, ability is much more likely to be a significant predictor for the ONPAR items, across all DOK
levels. There are ten ONPAR items showing ability as a significant predictor compared to five traditional items.

Focusing on the names of theihs in these summary tables shows that for traditional items, three of thesgdiive
609% of traditional items with ability as a significant predictdso have ELL level as a predictor, compared to none
of the ONPAR items. All of these observations stiat/the ONPAR items seem to be doing a better job of
mitigating theeffects of studerdCELL level, and seem to be more effective at demonstrating student ability. The
pattern holds more strongly for"8grade than for 4 grade, but the trend is simildor both grades.

Model 3 which could only run successfully on dichotomous iteamslso only provides results for DOK levels 1 and

2, showsthat the discourse index is only significant for items which are D@K®not for items wih DOK 1. This
indicates thatstudents seem to be able to work through items at DOK 1, even when there are some inconsistencies
in the items.

The ONPAR_VL items require more inferencing than the ONPAR_LL itenirspatidgrades, these VL items are
more likely to show ELLJel as a significant predictor than the ONPAR_LL version of the item. Based on these
results, the ONPAR_LL items seem taorlzge accessible

Qualitative Analysis by Item Difficulty

Following the Logistic Regression Analyses, items were sorted by diffsrignitcem difficulty based on the item
measures produced using winsteps with the entire sample of items. These measures are an indicator of the difficull
level of each item, with a higher number indicating a more difficult item on the Rasch scale.

Itemshave been judged to be similar DOK levels across form, but some items show that students are responding
differently. The reasons for a difference across forms include differences in chance level for guessing, language loc
and cognitive issues including

o Directness to latent construct
o Cognitive density
0 How target cognitive schemas are engaged

The following analysis groups the items by the change between the traditional and ONPAR_LL items. The three
major categories considered will be:

o Items with largest psitive change in difficulty level
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o Items with negligible change in difficulty level
o Items with largest negative change in difficulty level

Items in each category are summarized and compared to identify similar and different patterns in the groups of
items.Issues which will be discussed include chance of guessing, and difference between the item type and format
for each question, the discourse index and cognitive issues.

8th Grade Analysis
Table 16: 8th Grade Differences inDifficulty Level

Difference in item measures
Grade 8 Measure compared to taditional
ITEM Trad LL VL LL rank | VL rank
SForceBox 0.1686 2.553 1.8994 | 2.3844 1 1.7308 2
SMuscleResp -0.0835 2.1917 1.95 2.2752 2 2.0335 1
SPhotosynthesis 1.3287 2.3263 2.7148 | 0.9976 3 1.3861 3
SPowerPlantPos3 1.1739 1.9414 2.0355 | 0.7675 4 0.8616 5
SDensity 0.3278 1.0163 1.0449 | 0.6885 5 0.7171 6
SChangingPhases 0.9016 1.5032 0.6514 | 0.6016 6 -0.2502 9
SHeatTransfer 0.2002 0.6957 1.1149 | 0.4955 7 0.9147 4
SSaturn 0.5229 0.5272 0.5891 | 0.0043 8 0.0662 8
SToolkitElectricityPos] 0.7188 0.5408 0.9874 | -0.178 9 0.2686 7
SMolecules 0.1054 -0.438 -0.2144 | -0.5434 10 -0.3198 10
SAnimalCell 0.623  -0.0207 0.2568 | -0.6437 11 -0.3662 11

Items with largest positive changm difficulty ¢ ONPAR_LL item one difficult on Rasch Scale

Items in this category include those in which the ONPAR items were more difficult for students to respond to. The
items in this category tended to have the most difference in the chance level fesingeparameter. The ForcexB

and Muscle Respiration items are both examples in which the guessing parameter is very different for the ONPAR_
and Traditional items, with the ONPAR_LL item having a lower probability of gueBsithgtems also have a higher
discourse index indi¢img that the ONPAR_LL version is a more cohesive item.

ForceI_B(?x _ _ Factor Traditional ONPAR_LL
Domain: Physical Science Chance 12 1716
Level for 1* box¢ prob correct: 1/2
N— guessing: *1/2=1/4
I - 2" box ¢ prob correct 1/2
— *1/2=1/4
’ Total prob =1/4*1/4= 1/16
DOK: 2 2
Discourse | 1.3 1.7
K Index:
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1 Confusing only
sentence
structure:
al ONR a &
with 2 different
meanings

1 Responses are
very similar so
may be difficult
to differentiate
between
options

Factor Traditional ONPAR_LL
Chance 1/4 0
Level for 1* box¢ prob correct: 1/3
guessing: *1/2=1/6
o 2" hox
Muscle Respiration Prob Y axis correct *prob
Domain: Life Science graph is in correct order
) o s s g Y axis 1 choices/3 for gas
e Options for graph
- High/med/low , 1/3
|:| prob graph is in correct
[co order 1/3*1/27 = 1/81
|:| Total prob =
1/6*1/81=1/486 ¢ approx O
O e DOK: 2 2
. '
=] Discourse | 0.9 Screen 1: 1.75
oM@ Index: Screen 2: 1.5
- Cognitive 1 Requires student 1 Requires student tg
! ! = Issues: to read a graph create a graph
'}L ﬁ M~ § Text heavy item f Requires a student
which uses to understand that
scientific the image is
language referring to muscle
(respiration) respiration

1 Inferencing 1 Language uses
required to know atomic symbols
that oxygen instead of the
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comes from air
1 Answeris &
mayindicate
students only
read until they
found a correct
answer

names of gases

Items with negligible changén difficulty ¢ Similar Rasch measures

This group of items had very similar Rasch measures across the Bwthf these itemshow very similar

guessing parameters across forms, because they aaimeilar number of optioa. The firsttem, Saturn, has four

options for both ONPAR_LL and Traditional, and the Toolkit Electricity ONPAR _LL and Traditional items both have
guessing parameters near 0 as each is similar to a constructed response, although with a limited number of
responses sice the items required to complete the circuit are all listed, either as text or images.

Factor Traditional ONPAR_LL
Saturn Chance 1/4 1/4
Domain: Earth and Space Sciell Level for
guessing:
DOK: 1 1
e
1 Discourse | 1.71 1.57
7 Index:
13 Cognitive 1 Very similar 1 Need to identify the
7 Issues: images sun
1 Similar number
of options
Factor Traditional ONPAR _LL
Toolkit Electricity Chance Approx 0 Approx 0
Domain: Physical Science Level for
guessing:
O 5o
i o~
DOK: 2 2
= Discourse | 1 1
3 Index:
" Cognitive 1 Constructed 1 Need to understand
Issues: Response interface to
1 Needtodraw a manipulate circuit
complete circuit elements
using items 9 Includes additional
listed in text information¢
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1 Text heavy item
with no images

actually shows the
images to suport
circuit elements

Iltems with largest negative change difficulty ¢ ONPAR LL item less difficult on Rasch Scale

Items with a large negative change indicate the ONPAR_LL was less difficult on the Rashmestvadeitems with
the largest negative change in Rasch difficulty measure are both items in which the Traditional and ONPAR_LL iter

are similarand have a similar guessing parameteswdver, in bothcases, the ONPAR_LL item hasgher

discourse indexindicating the ONPAR_LL it@m@ more cohesivdn both cases, the ONPAR_LL contains a clear
image which supports the construct directly, and seems to helsthdent to activate the schema much more
clearly. Both itentypes are very simple to respond,tso there is little to no construct irrelevance being introduced

on the ONPAR_LL item.

Factor Traditional ONPAR_LL
Chance 1/4 1/4
Molecules Level for 4 possible solutions
Domain: Physical Science guessing:
Q vmer What
%" DOK: 2 2
1
Discourse | 1 14
2 Index:
3 Cognitive 1 Text supported 1 Animation shows
3 Issues: by image of 2 different states of the
containers molecules
1 Only 1 viable 1 Clearer image
response
option based
on image
Factor Traditional ONPAR_LL
Chance 1/4 1/5
Levelfor 5 possible solutions
Animal Cell guessing:
Domain: Life Science
DOK: 1 1
Discourse | 1.43 2
Index:
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0.. e Cognitive 1 Textonly 1 Images support text
£ Issues: 1 Uses scientific 1 Image shows positior
Ed terms of cell components
[ 4 1 Clear image engages
Bl ;gf-\?.f.. : cognitive schema
2] : ";'n_ijg‘

m [

4th GradeAnalysis

Table 17: 4™ Grade Differences in Difficulty Level

Difference in item measures
Grade 4 Measure Compared to Traditional
ITEM Trad LL VL LL rank | VL rank
Tsprings -3.6971 -0.6914 -0.978 | 3.0057 1 2.7191 1
TFoodWebCrises -0.1594 1.6912 1.6444 | 1.8506 2 1.8038 2
Tcroc -0.052 1.1819 1.2801 | 1.2339 3 1.3321 3
TavgEarthMaterials | 1.227  2.1765 2.1418 | 0.9495 4 0.9148 5
Tbuoyancypos2 -0.2438 0.487 1.0107 | 0.7308 5 1.2545 4
Tsubstance 1.7375 2.1765 2.0404 | 0.439 6 0.3029 7
TsettlingRocks 0.055 0.4489 0.5648 | 0.3939 7 0.5098 6
TRollingBallsPos2 0.8024 -0.0485 0.0328 | -0.8509 8 -0.7696 9
TpondPos3 2.2281 1.3669 2.0014 |-0.8612 9 -0.2267 8
TMagnetsPos3 2.2604 1.3531 1.0843 |-0.9073 10 -1.1761 10
THeatSandPos2 2.0061 0.8583 0.5023 | -1.1478 11 -1.5038 11

Iltems with largest positive changm item difficulty- ONPAR iten more difficult

Items in this category include those in which the ONPAR items were more difficult for students to respond to. The
items in this category tended to have the most difference in the chance level for guessing parameter. The Springs
item and FodWeb Crises items are both examples in which the guessing parameter is very different for the
ONPAR_LL and Traditional items, with the ONPAR_LL item having a lower probability of guessing. Both items als
have a higher discourse index indicating the ORPIA. version is more cohesive.

Factor Traditional ONPAR_LL
Springs Chance | 1/4 1/24
Domain: Physical Science Level for Total prob = 1/4*18*1/2*1/2 =
guessing 1/24
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© What happensto the weight? DOK 1 1
> SF=——
' E— E == %E Discours | 1.3 15
<~ 2 =2 D e Index
B B = W Cognitive| 1 4 optiors, but | Student must ordeall 4
2 Issues superlative weights rather than only
description place heaviest
limits response | § Weights are represented
toonly 2 with numbers
options
I Text supported
by imagego
cue context
1 Must be able to
interpret
descriptions of
weights
Factor Traditional ONPAR_LL
FoodWebCrises Chance | 1/4 Approx 0
Domain: Life Science Level for 1* box¢ prob correct: 18
O e ions | guessing *1/3=1/9
- Foodcran ' 2" box ¢ prob correct 18
|y D *1/3=1/9
N o & Total prob = 19*1/9= 1/81
umberefthina ings DOK 2 2
s X Discoursq 1.4 15
I Index
Cognitive| 1 Text heavy, useq { Introduces concept of time
Issues same image as ¢ may have different correct
ONPAR answers depending on timg
1 Sutle frame
differences i Clear images
between 1 Need to respondo two
options are different screens
difficult for ELE | § Does nokexplicitlyintroduce
to parse idea of food chain, may be
1 Verylong misinterpreted
response
options
1 Compound
response
options
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