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I. Research Study 

A. Intro duction  
The Obtaining Necessary Parity Through Academic Rigor (ONPAR) project in science, jointly carried out by the Center 

for Applied Linguistics and the WIDA Consortium operating out of the Wisconsin Center for Educational Research at 

the University of Wisconsin, Madison, investigated how to develop and defend the validity of a set of dynamic, 

computer-based science assessment items in elementary and middle school. The intent was that the items 

demonstrate comparability, at the test score level, to general scores from large-scale test cores used currently in 

state assessment systems. In particular, the focus of this project was to develop these items in such a way that they 

are valid for English language learner  (ELL) students with the lowest literacy in English. The ONPAR items were 

developed to be equivalent to general multiple choice and constructed response science items, however, for the 

most part, different approaches were used to more appropriately address the needs of this population, while still 

measuring the same content and cognitive complexity targets.  

To achieve this aim, this project explored two main questions:  

1. Can we build an accessible, computer-based, valid and reliable assessment of science content knowledge 

that requires of the students very little to no proficiency in the English language? 

2.  Can we build the ONPAR-Science assessment to be comparable to large-scale state assessments of science, 

particularly the New England Common Assessment Program  (NECAP) test? 

The ONPAR science items were built from secure test forms developed as part of the New England Common 

Assessment Program (NECAP), and the work was supported 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 labs are a qualitative research technique that can be used to modify and improve test items. The purpose 

of the ONPAR cognitive labs was to uncover the cognitive processes students used as they worked through test 

items; these labs were conducted iteratively throughout the test development process to inform a number of facets 

of item development.  Both verbal probing and retrospective formats were used as part of ONPAR research (Willis, 

1999; 2005).  The verbal probing method required that students interact with test items while describing their 

understanding to an interviewer, and the retrospective method required students to first answer an item and then 

explain their answer to the interviewer. 

The research questions for the ONPAR cognitive labs were: 

1. What is the design of the computer interface that 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 to inform development of future items? 

In order to answer these research questions, a series of three iterative cognitive labs per grade level were held 

during the item development portion of the project. These labs began in November 2007, and continued through to 

March 2009, as items were developed and enhanced based on previous results.  
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Controlled Studies 

Controlled studies  at 5th, 8th and 9th grade were conducted between May and December 2008. These studies 

incorporated approximately 500 students per grade with varying levels of English language proficiency, who had 

been exposed to 4th grade and 8th grade science content respectively.   

Items  were trialed in controlled studies at three grades (8th in May 2008, and 9th grade in November/December 

with 8th grade items; and 5th grade, with 4th grade items, in October /November 2008). Native English speakers and 

ELL students whose native language is Spanish or Korean were included in the trial. The controlled studies provided 

quantitative data  to be used to compare accessibility between language groups and to separate accessibility from 

student ability. Three forms of the test were  administered during the controlled study stage  

¶ The traditional full-text form,  

¶ A low language ONPAR form which employed complete sentences and onscreen support for key words 

and audio translation of text in the ǎǘǳŘŜƴǘΩǎ ƴŀǘƛǾŜ ƭŀƴƎǳŀƎŜΣ and 

¶ A very low language ONPAR form which contained either key words only, with every word supported 

through interactive onscreen actions, or no rollover text. 

Student test results were analyzed, controlling for science and English proficiency. A teacher survey was used 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  classified  students as at or 

above grade level, below grade level, or well below grade level.  Additionally, students were given a survey following 

the test administration in order to determine issues regarding access and ability. The survey was intended to  

produce an accessibility index for each student to be correlated with test results, but since the results have proven 

difficult to interpret, the planned accessibility index has been set aside for now and will be addressed later. 

The specific research questions for the controlled study were: 

1. Do results for students with low English language proficiency levels vary across and within forms compared 

to nonELL students when controlling for ability? 

2. How do results for other levels of English language proficiency students vary across and within forms 

compared to nonELL students when controlling for ability? 

3. What are the relationships between performance and other variables for students with different 
performance levels, and are those relationships the same or different than for students with differing 
English language proficiency levels?  

C. Methodology  

1. Sampling 

Cognitive Labs 

As part of the research effort, iterative cognitive labs were conducted as part of a larger research agenda for the 

ONPAR science project between November 2007 and March 2009. In all, 58 students in grades 4-9 from three 

different school districts were interviewed in five different sessions.  Each session included 5-15 students. We 

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 fall of 2008, students in eight school districts were included in the controlled trials for 4th and 8th 

grade items. Students with all levels of English proficiency were included, with nonELL (native and exited) as the 

control group. The students were grouped by English proficiency as follows: 

¶ Low ELL: students scoring 1 or 2 on the Access for ELLsϰ ƭƛǘŜǊŀŎȅ ƛƴŘƛŎŀǘƻǊ ŀƴŘ ǊŜŎŜƛǾƛƴƎ 9[[ ǎŜǊǾƛŎŜǎ ŀǘ ǘƘŜ 

school 

¶ Mid ELL: students scoring 3 or 4 on the Access for ELLsϰ ƭƛǘŜǊŀŎȅ ƛƴŘƛŎŀǘƻǊ ŀƴŘ ǊŜŎŜƛǾƛƴƎ 9[[ ǎŜǊǾƛŎŜǎ ŀǘ ǘƘŜ 

school 

¶ Hi ELL: students scoring 5 or 6 on the Access for ELLsϰ ƭƛǘŜǊŀŎȅ ƛƴŘƛŎŀǘƻǊΣ ŀƴŘ ǊŜŎŜƛǾƛƴƎ 9[[ ǎŜǊǾƛŎŜǎ ŀǘ ǘƘŜ 

school 

¶ NonELL: students whose native language is English, or who have exited ELL services  

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

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

included in the following tables: 

These  tables show:  # students taking test (#students with ability data) 

Table 1: Number of Students Sampled 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 8th 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 districts, in 5 states, and in 26 schools. In 4th 

grade, the 522 students were drawn from 16 schools, and the 487 students taking the 8th grade test were drawn 

from 10 schools.  At each school, and school district, we asked for students to be equally spread across the four 

language categories, but the schools selected for 4th grade tended to have a higher population of NonELL students, 

so that group was over sampled for this study. 
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The controlled study locations included :  

 Arlington Heights, IL 
 Arlington, VA 
 Cicero, IL 
 Coatesville, PA 
 Elgin, IL 
 Gwinnett, GA 
 Milwaukee, WI 
 Waukegan, IL 

 

Controlled studies were conducted to evaluate the efficacy of the ONPAR science test. Three test forms were 

administered in 2-3 testing sessions per day, with approximately 15-20 students of the same grade level per session. 

In order to produce similar groups, the three test forms were installed on computers which were randomly spread 

around the test room. Students 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 both grades. The 8th 

grade test was generally administered on 18 computers, with similar numbers of forms available to students. For the 

4th grade, there were consistently 20 computers set up for each administration, with one fewer version of the 

traditional forms available to students. This resulted in a slightly smaller number (1/7th less) 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 

Test Type 
4

th
 Grade  

N 
8

th
 Grade  

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 tests.  Approximately 5-15 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 probed studentsΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ using open-ended questions to determine the overall functioning of the 

test delivery system and the test items to identify areas that may have needed modification.  

Generally, 2-3 staff members participated in the labs, with one person asking questions and the other(s) videotaping 

and taking 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, incorporation of animated icons and the navigation bar, and also informed the development of the ONPAR 

tutorial.   



PR/Award #: S368A060007   onparresearchreport Page 7 of 36 
06/30/2009   

 

{ǳōǎŜǉǳŜƴǘ ŎƻƎƴƛǘƛǾŜ ƭŀōǎ ŦƻŎǳǎŜŘ ƻƴ ǎǘǳŘŜƴǘǎΩ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘŜǎǘ ƛǘŜƳǎΣ ƛƴŎƭǳŘƛƴƎ ǎŎƘŜƳŀ ŀŎǘƛǾŀǘƛƻƴΣ Ǿƛǎǳŀƭ 

processing, language ability, and reasoning strategies.   In all labs, students were 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 questions were asked of the students after the tasks were completed if necessary. 

Facilitators recorded notes on observation protocol forms and videotaped the interviews to further capture 

ǎǘǳŘŜƴǘǎΩ ƛƴǘŜǊŀŎǘƛƻƴǎ ǿƛǘƘ ǘƘŜ ƳǳƭǘƛƳƻŘŀƭ ŎƻƳǇǳǘŜǊ ƛƴǘŜǊŦŀŎŜΦ   

In addition to science items, cognitive labs were used to trial different versions of the student tutorial,  the student 

questionnaire and the teacher questionnaire. 

The progression of the cognitive labs was: 

¶ Early labs emphasized: 

o Student interface 

o Item types  

o The efficacy of replacing text with images  

¶ Later labs focused on cognitive issues, including: 

o Directness to latent construct 

o Cognitive density  

o How target schemas are engaged   

Once the labs were complete, the notes and video tapes were reviewed by the interviewers and results were 

presented to the item development team.  The results were used to inform revisions of the test format and test 

items and to inform overall item development.  

Controlled Studies 

The format for the controlled studies was as follows: 

o  CAL brought laptops to schools to control interface and technical issues 

o Required approximately 1.5 hours/ student 

o Groups of 15-20 students simultaneously 

o Test administered in 2-3 sessions per day 

o Tracked students response on items  

o Items were followed by access questionnaire (delivered in native language) 

o Forms were  randomly assigned across students in each session  

o 3 forms with 13-14 items each  

o For each grade, 500 students requested, distributed across 4 language groups 

 

3. Instruments  

Cognitive Labs 

Interviewers followed a protocol for the cognitive labs, which included an introduction, a computer survey to 

determine student computer literacy, and item specific questions. The item questions were adjusted during each 

administration  to focus on the purpose of each specific lab.  Each session had either one or two observers, and the 

observers completed an observer template for each item viewed. Additionally, students were given different 
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versions of the student tutorial to inform its development.  Interviews were conducted in either Spanish or English, 

so all materials were translated into Spanish.  

Samples of the cognitive lab instruments are included in Appendix W: 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 created in-house. 

 Two versions of the ONPAR forms were trialed, the ONPAR low language and ONPAR very low language forms, with 

the goal of identifying the most accessible level of language for the computer based items.  The differences between 

the two ONPAR forms are listed below: 

Table 4: Differences between ONPAR Forms 

 

Each testing session began with a student tutorial to introduce the format of the items, and to help orient students 

to the screen. Next, each student was administered one of the three test forms which included 13 or 14 items.  

Finally, students took an online survey, in either English or Spanish, to differentiate between  accessibility and ability 

issues on each item. The student survey followed the test administration and included questions about 50% of the 

total test items. In addition, teachers were given a survey to identify student demographics, and to rate student 

ability in the content areas being presented on the test the student was taking.  The science ratings are intended to 

be judgments of student ability on the following scale: 

¶ consistently below grade level 

¶ sometimes below grade level 

¶ meets or exceeds grade level 
 

The ONPAR test versions presented to students for the controlled studies are available on the accompanying ONPAR 

CD. Samples of the cognitive lab instruments are included in Appendix T: Controlled Study Instruments. 
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The other analysis done for these items was an item level discourse analysis. CAL linguists conducted a discourse 

analysis of the science tasks designed to predict the overall coherence of test items and place items on the same 

coherency scale, regardless of whether they are text-based or use mostly alternative semiotic representations. 

Project linguists adapted a model for analyzing the discourse coherence of test items developed by CAL staff for use 

with the ONPAR project (Bauman, 2009). This model is based on the presence or absence of specific discourse 

components (i.e., by characterizing the interface between cognitive, semantic, syntactic, lexical and discourse 

phenomena), and uses a comprehensive and integrated coding scheme for analyzing explicit and inferred linguistic 

and non-linguistic aspects (Kress & van Leeuwen, 2006; Bateman, 2008) of individual items that are thought to 

interactively structure the same mental representations in different test takers.  

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 types. The CAL linguists worked 

closely with the item development and research teams in applying insights from these analyses to ongoing item 

development procedures and later in conjunction with results from the controlled trials. The discourse analysis 

model was used to provide a means to place the interactive and the traditional multiple choice and constructed 

response items on the same scale by ranking them from good to poorτirrespective of whether the item format is 

traditional or multi-semioticτfrom a linguistics/discourse perspective. The resulting discourse index was included in 

the item level analysis and is shown by item included in Appendix U: Controlled Study Results ς Test Level. 

Additional information about the discourse analysis procedure is found in Appendix P: Discourse Index. 

 

4. Scoring 

Controlled Studies 

 Items for the ONPAR and traditional items were scored similarly, either 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 the images 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, or with a theta identified from winsteps as being beyond +/- 4.0 was eliminated  from 

the analysis, along with the corresponding traditional item.  

There were 14 items originally included in the 4th grade test, and 13 items in the 8th grade test. After poorly 

performing items were removed, we analyzed the results of  11 items on each test, with an average DOK level of 

2.09 for the 4th grade test, and 1.91 on the 8th grade test. For the traditional test form, 5 of the 14 4th grade items, 

and 2 of the 13 8th grade items were constructed response. The remainder of the items were multiple choice. 

The following summary shows the items included in the 4th and 8th grade tests.  

Table 5: Items and Scoring 

Grade #items 
in final 
analysis 

# 
original 
items 

# items 
omitted 
from final 

Name of item  
(in order of 
presentation) 

Domain DOK How 
Scored 

Status in final 
analysis 
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analysis 

4 11 14 3 
dichotomous 
items 

Springs 
Weather 
Crocodile 
Buoyancy 
Garden 
PondEcosystem 
SubstanceSeparation 
FoodWebCrises 
HeatedSand 
Magnets 
Settling Rocks 
BunnyAdaptation 
EarthMaterials 
RollingBalls 

PS 
ESS 
LS 
PS 
ESS 
ESS 
PS 
LS 
PS 
PS 
PS 
LS 
ESS 
PS 

1 
2 
2 
2 
2 
3 
2 
2 
2 
3 
2 
2 
2 
2 

0/1 
 
0/1 
0/2 
 
0/3 
0/1 
0/1 
0/2 
0/3 
0/1 
 
0/1 
0/2 

 
Omitted 
 
 
Omitted 
 
 
 
 
 
 
Omitted 
 

8 11 13 2 
dichotomous 
items,  
plus 1 item 
initially 
presented 
as DOK 3, 
and 
retained as 
DOK 2 

AnimalCell 
ChangingPhases 
Decomposer 
Molecules 
ForceBox 
MuscleRespiration 
HeatTransfer 
Saturn 
MoonPhases 
Density 
Photosynthesis 
ToolkitElectricity 
PowerPlant 

LS 
PS 
LS 
LS 
PS 
LS 
PS 
ESS 
ESS 
PS 
LS 
PS 
LS 

1 
2 
2 
2 
2 
2 
2 
1 
2 
2 
2 
2 
3 

0/1 
0/1 
 
0/1 
0/1 
0/1 
0/1 
0/1 
 
0/1 
0/1 
0/3 
0/3 

 
 
Omitted 
 
 
 
 
 
Omitted 
 
Omitted 1 scene 
 
 

 

Scoring rubrics were developed by the item writers  for all items. All ONPAR items, except for the 8th grade Power 

Plant item were scored by computer based algorithms. This item proved to be too complex to develop an 

automated scoring routine and was scored holistically, by hand. For the traditional test, all the dichotomous items 

were scored by computer, and the constructed response items were scored by hand by one rater, with a 10% score 

behind by a second rater.  Scoring rubrics are included in Appendix N: Scoring Rubrics. 

For the items which were double scored, and interrater reliability analysis was done, and the results may be found  

in Appendix U: Controlled Study Results . The exact agreement between scores varied 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 for each item.  

Table 6: Interrater Reliability  

Grade Item 

Mean 
Score 
Rater 1 

Std 
Dev  
Rater 1 

Mean 
Score 
Rater 2 

Std  
Dev  
Rater 2 

% Exact 
Agreement 

% Exact or 
Adjacent 
Agreement 

Correlation 
Between 
Raters 

4 
Pond Ecosystem- 
Traditional 

.400 .910 .333 .617 80% 100% .920 

4 
Heated Sand- 
Traditional 

.333 .724 .200 .414 87% 100% .953 
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4 
Magnet Inquiry - 
Traditional 

.133 .516 .067 .258 93% 100% .999 

4 
Rolling Balls - 
Traditional 

.867 .834 1.067 .799 80% 100% .872 

8 
Power Plant - 
ONPAR 

.476 .862 .476 .862 86% 100% .930 

8 
Power Plant - 
Traditional 

1.222 1.060 1.222 1.003 67% 100% .829 

 

5. Scaling 

Raw scores from the controlled study were scaled in order 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  

The Rasch model (Rasch, 1980) for the dichotomous response items and one of its polytomous extensions, the 

Partial Credit model (PCM) (Masters, 1982) for the non-dichotomous items, were the Item Response Theory (IRT) 

models used to calibrate, equate, and scale the science ONPAR and traditional items/test forms.  

All test analyses, including item-fit analysis, scaling, equating, and diagnosis were accomplished within both the IRT 

framework and using classical test theory. The statistical software used to calibrate, scale, and equate the items and 

test forms was SAS (2009) and WINSTEPS (Linacre, 2009).  

The Rasch and Partial Credit IRT models  

One expression of the Rasch model is in the Item Characteristic Curve (ICC). The 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 scale is, in theory, 

unbounded. In practice, however, the ability scale ranges from -4 to +4 logits for heterogeneous ability groups.  As 

an example, consider Figure 1, which depicts 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 roughly 0.50 

of answering the item correctly. Another way of expressing this is that if we have a group of 100 people, all of whom 

have an ability of 0.85, we would expect about 50% of them to answer the item correctly. A person whose ability 

was above 0.85 would have a higher probability of getting the item right, while a person whose ability is below 0.85 

would have a lower probability of getting the item right.   

Figure 1: Sample item characteristic curve 
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Figure 2 extends this formulation to show the probabilities of obtaining a wrong answer or a right answer. The curve 

on the left (jҐлύ ǎƘƻǿǎ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ƎŜǘǘƛƴƎ ŀ ǎŎƻǊŜ ƻŦ άлέ ǿƘƛƭŜ ǘƘŜ ŎǳǊǾŜ ƻn the right (j=1) shows the 

ǇǊƻōŀōƛƭƛǘȅ ƻŦ ƎŜǘǘƛƴƎ ŀ ǎŎƻǊŜ ƻŦ άмέΦ ¢ƘŜ Ǉƻƛƴǘ ŀǘ ǿƘƛŎƘ ǘƘŜ ǘǿƻ ŎǳǊǾŜǎ ŎǊƻǎǎ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ Ǉƻƛƴǘ ƻƴ ǘƘŜ 

ŀōƛƭƛǘȅ ǎŎŀƭŜ ǿƘŜǊŜ ǘƘŜ Ƴƻǎǘ ƭƛƪŜƭȅ ǊŜǎǇƻƴǎŜ ŎƘŀƴƎŜǎ ŦǊƻƳ ŀ άлέ ǘƻ ŀ άмέΦ IŜǊŜΣ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ŀƴǎwering the item 

correctly is 0.50.   

Figure 2: Category response curves for a one-step item  

 

 

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 response 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 shown in Figure 3. 

Figure 3: Category response curves for a two-step item 

 

The left-most curve (j=0) in Figure 3 ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ŦƻǊ ŀƭƭ ŜȄŀƳƛƴŜŜǎ ƎŜǘǘƛƴƎ ŀ ǎŎƻǊŜ ƻŦ άлέ όŎƻƳǇƭŜǘŜƭȅ 

incorrect) on the item, given their ability. Those of very low ability (e.g., below -2) are very likely to be in this 

ŎŀǘŜƎƻǊȅ ŀƴŘΣ ƛƴ ŦŀŎǘΣ ŀǊŜ ƳƻǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ ƛƴ ǘƘƛǎ ŎŀǘŜƎƻǊȅ ǘƘŀƴ ǘƘŜ ƻǘƘŜǊ ǘǿƻΦ ¢ƘƻǎŜ ǊŜŎŜƛǾƛƴƎ ŀ άмέ όǇŀǊǘƛŀƭ ŎǊŜŘƛǘύ 

tend to fall in the middle range of abilities (the middle curve, j=1). The final, right-most curve (j=2) represents the 

probabilƛǘȅ ŦƻǊ ǘƘƻǎŜ ǊŜŎŜƛǾƛƴƎ ǎŎƻǊŜǎ ƻŦ άнέ όŎƻƳǇƭŜǘŜƭȅ ŎƻǊǊŜŎǘύΦ ±ŜǊȅ ƘƛƎƘ-ability people are clearly more likely to 

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 the actual 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 which the j=0 line crosses the j=1 line, indicated by 

the left arrow. For abilities to the leŦǘ ƻŦ όƻǊ ƭŜǎǎ ǘƘŀƴύ ǘƘƛǎ ǇƻƛƴǘΣ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƛǎ ƎǊŜŀǘŜǎǘ ŦƻǊ ŀ άлέ ǊŜǎǇƻƴǎŜΦ ¢ƻ ǘƘŜ 

right of (or above) this point, and up to the point at which the j=1 and j=2 lines cross (marked by the right arrow), 

ǘƘŜ Ƴƻǎǘ ƭƛƪŜƭȅ ǊŜǎǇƻƴǎŜ ƛǎ ŀ άмέΦ CƻǊ ŀōƛƭƛǘƛŜǎ ǘƻ ǘƘŜ ǊƛƎƘǘ ƻŦ ǘƘƛǎ ǇƻƛƴǘΣ ǘƘŜ Ƴƻǎǘ ƭƛƪŜƭȅ ǊŜǎǇƻƴǎŜ ƛǎ ŀ άнέΦ   bƻǘŜ ǘƘŀǘ 

ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ǎŎƻǊƛƴƎ ŀ άмέ ǊŜǎǇƻƴǎŜ όj=1) declines in both directions as ability decreases to the low extreme or 

increases to the high extreme. These points, then, may be thought of as the difficulties of crossing the thresholds 

between categories.   

The Rasch model applied to dichotomously (right/wrong) scored items can be thought of as a special case of the 

PCM, so the act of scaling multiple-choice items together with polytomous items, whether they have three or more 

response categories, is a straightforward process of applying the PCM.  

One property of the PCM is its ability to separate the estimation of item/task parameters from the person 

parameters. With the PCM, as with the 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 examinees in a particular 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 one-parameter IRT model developed by Rasch in the 1950s 

(Rasch, 1980). For an item/task involving mi score categories, one general expression for the probability of scoring x 

on item/task i is given by  

Equation 1 

 

The above equation gives the probability of scoring x on the i-th test item as a function of ŀōƛƭƛǘȅ όʻ) and the 

difficulty of the mi 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 

(log-ƻŘŘǎύ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ʻ ŀƴŘ Dij of all the completed steps, divided by the sum of the differences of all the 

steps of a task. The parameters estimated by this model are (1) an ability estimate for each person (or ability 

estimate at each raw score level) and (2) mi threshold (difficulty) estimates for each task with mi + 1 score 

categories.  

Equating and Scaled Score Derivation Procedures for ONPAR 

Equating of the ONPAR LL, ONPAR VL, and the Traditional test forms involved ensuring that the item and person 

parameters and the scaled scores derived from the parameters were comparable (on the same scale). 

As stated earlier, the ONPAR items were developed from the traditions items with the intention of testing the same 

construct. The data collection design used was the Design III procedure for randomly equivalent groups (Angoff, 

1971).  

In order to obtain parameter estimates for both the items on each form, the Rasch model (or PCM) was calibrated 

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 zero. This resulted in the item parameters for all forms being on the 

ǎŀƳŜ ŀōƛƭƛǘȅ ǎŎŀƭŜΦ ! ŎƻƴǎŜǉǳŜƴŎŜ ƻŦ ǘƘƛǎ ǿŀǎ ǘƘŀǘΣ ƎƛǾŜƴ ŀƴ ŀōƛƭƛǘȅ ŜǎǘƛƳŀǘŜ ʻΣ ƛǘ ǿŀǎ ǇƻǎǎƛōƭŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ǎŎƻǊŜǎ ƻƴ 

different forms that could be considered equivalent. During the calibration process, several items in both grade 4 

and 8 were removed due to lack of fit to the model. The item calibrations and final item parameters can be seen in 

Table. The final step consisted of obtaining for each form the ability score or theta corresponding to the estimated 

true score. This was done by iteratively solving the expression:  

Equation 2 

 

where Pijόʻύ ƛǎ ǘƘŜ ǇǊƻōŀōƛƭƛǘȅ ƻŦ ŀ ŎƻǊǊŜŎǘ ǊŜǎǇƻƴǎŜ ŦƻǊ ŜŀŎƘ ƻŦ ǘƘŜ ƛҐмΣ ΦΦΦΣ L ƛǘŜƳǎ ƎƛǾŜƴ ǘƘŀǘ ǘƘŜ ƛǘŜƳ ŎŀǘŜƎƻǊƛŜǎ ŀǊŜ 

scored 0, ..., mi.  
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Figure 4: True Score Equating  

 

 

Figure 4 illustrates these concepts for two hypothetical test forms, X and Y. In this figure, the true scores on each of 

the forms are plotted against ability using Equation 2. By drawing a line from the ability (here shown for an ability of 

0) to each of the respective curves, and moving 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 can 

be transferred to observed scores without any major anomalies in the resulting outcomes.  

 Scaled Score Transformation  

The scaled scores used for 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 standard deviation at 100.  

Table 7 contains the raw score to scaled score transformations for grade 4 by form and Table 8 contains the 

information for grade 8.  

  Table 7:  4
th

 Grade Raw Score to Scaled Score Table 

(Items 2, 7 and 14 removed) 

 
Scaled Scores 

rawscore Traditional ONPAR_LL ONPAR_VL 

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
th

 Grade Raw Score to Scaled Score Table                                 

(Items 3and 9 removed) 

 

 
Scaled Scores 

rawscore Traditional ONPAR_LL ONPAR_VL 

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 can 

be seen in Appendix U: Controlled Study Results. 

6. Data Analysis Plan  

Cognitive Labs 

Results of the cognitive labs were reviewed qualitatively by item type and content areas to determine any construct 

irrelevant information presented and to answer the research questions. Results were used to inform item 

development and to investigate student interactions with computer based items. 
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Controlled Studies 

The results from the controlled studies were analyzed at test level, and at item level in order to answer the research 

questions. Planned analyses included: 

Test Level Analyses 

ANCOVAs were run for 4th and 8th grade scaled score results to answer the research questions. The results of the 

ANCOVAs were analyzed to find statistical evidence to support which form was most effective for ELL students. 

Variables included in the ANCOVA model include: 

¶ 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.  

¶ TestType - the 3 forms being tested: 
o  Traditional 
o  ONPAR_LL  
o ONPAR_VL 

¶ ELL group ς students were assigned to an ELL group based on their ELL level: 
o Low ς {ǘǳŘŜƴǘǎ ǿƘƻ ǎŎƻǊŜŘ м ƻǊ н ƻƴ ǘƘŜ !ŎŎŜǎǎ ŦƻǊ 9[[ǎϰ ǘŜǎǘ ŀƴŘ were receiving ELL services. 
o Midς Students who scored о ƻǊ п ƻƴ ǘƘŜ !ŎŎŜǎǎ ŦƻǊ 9[[ǎϰ ǘŜǎǘ ŀƴŘ were receiving ELL services. 
o Hiς {ǘǳŘŜƴǘǎ ǿƘƻ ǎŎƻǊŜŘ р ƻǊ с ƻƴ ǘƘŜ !ŎŎŜǎǎ ŦƻǊ 9[[ǎϰ ǘŜǎǘ ŀƴŘ were receiving ELL services. 
o NonELL ς Students who were either native English speakers or exited from ELL services.   

¶ Ability Index from teacher questionnaire 
o Score between 0 and 3, with 3 indicating higher ability. 
o Entered as a covariate to control for student ability. 

 

The model design for the ANCOVA includes the intercept and the interaction between form and group (TestType * 

ELLGroup), with ability entered as a covariate.  The main effects were excluded from the model design because, for 

form, the test scores were scaled to have the same mean and SD, so there were no differences between forms, and 

for group, we expected differences in the overall scores between ELL groups, however this analysis focused on the 

interaction between form and group.  A significance level of .05 was used for all statistical tests. 

In addition to observing the interaction of ELL group and form and simple 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: 

¶ Low Traditional to Low ONPAR_LL 

¶ NonELL Traditional to Low ONPAR_LL  

¶ NonELL Traditional to NonELL ONPAR_LL  
 

2.  Comparing student scaled scores on ONPAR_VL form to the traditional form: 

¶ Low Traditional to Low ONPAR_VL 

¶ NonELL Traditional to Low ONPAR_VL 

¶ NonELL Traditional to NonELL ONPAR_VL 
 

3. Comparing student scaled scores within forms: 

¶ Low  ELL to NonELL  for ONPAR_VL, ONPAR_LL and Traditional forms. 
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Originally an access indicator was planned for the analysis, and the access survey was presented to all students who 

took one of the three forms in the controlled study.   However, the ONPAR team found that the interpretation of the 

survey resulted in inconsistent results, so the access indicator has been omitted from all of these analyses. Work will 

continue on the interpretation of the results that have been collected. 

Item Level Analyses 

Item level analysis was done for the ONPAR_LL and traditional items at both 4th and 8th grade in order to determine 

traits of items which were successful. Logistic regressions were run for all the dichotomous science items. 

Polytomous items were analyzed using multinomial regressions. For all the regressions, the emphasis of the analyses 

focused on determining which variables were significant predictors of the studentΩs score. There are 11 items 

included for each of the 4th and 8th grade tests. Of these, 5 of the 4th grade items are polytomous, and 2 of the 8th 

grade items. 

The dichotomous items were analyzed using three models to determine the significant predictor: 

1. Model 1- only ELL level as a predictor 

2. Model 2 ς 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  

¶ {ǘǳŘŜƴǘǎΩ 9[[ ƭŜǾŜƭΣ ŀǎ ǊŜǇƻǊǘŜŘ ōȅ ǘƘŜ !ŎŎŜǎǎ ŦƻǊ 9[[ǎϰ ƭƛǘŜǊŀŎȅ ƛƴŘŜȄ 

¶ {ǘǳŘŜƴǘǎΩ ŀōƛƭƛǘȅ ƛƴŘŜȄΣ ŀǎ ǊŜǇƻǊǘŜŘ ōȅ ǘƘŜ ǘŜŀŎƘŜǊ ǎǳǊǾŜȅ  

¶ DOK level ς the test included items at DOK levels 1, 2 and 3 

¶ Discourse index ς this index describes the consistency and clarity of the item, and was sorted into three 

approximately equivalent group sizes, labeled bad , mid and good.  The items were grouped as follows: 

Groupings for discourse index Number of Items 

Item 
Category 

grade 4 grade 8 grade 4 grade 8 

bad <1.18 <1.18 5 8 

mid 1.18<= mid<=1.42 1.18<= mid<=1.54 10 6 

good >1.42 >1.54 7 8 

 

Following the regression runs, further analysis was done  to investigate the traits of different items which students 

had more difficulty answering. In order to consider these different item traits, an analysis was done using the  item 

measures produced using winsteps with the entire sample of items. These item measures are an indicator of the 

difficulty level of each item, with a higher number indicating a more difficult item on the Rasch scale. These 

measures are a Rasch measure, and are independent of DOK level.  Items have been judged to be similar DOK levels 

across forms, but these items show that students are responding differently.  

Other Analyses 

Finally, additional ANOVAs were 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.  
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D. Results 

Cognitive Labs 

Each set of cognitive labs informed further item development and our understanding of how students interacted 

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

1. Accessibility - We found that the accessibility of items is affected by the amount of text, the  amount of 

information being presented, the overall coherence of the item, and the clarity of images. 

2. Onscreen supports ς These supports were established due to observations during the cognitive labs, and 

include rollovers and animated icons. These supports indicate active areas, support language, and assist 

students with the task demand without requiring additional language. 

3. Screen layout ς We observed how students processed the information on the screen, and standardized the 

design of the layout in order to 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 transition through items helps with their comprehension. 

We found items covering a range of content areas are more effective when an opening scene is presented to 

identify the content, without immediately presenting the task demand.  

5. Computer Skills ς We found that students with the lowest English language proficiency also tended 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 ς We found that students were uncomfortable 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 results of the cognitive lab are included in Appendix K: Cognitive Lab . 

Controlled Studies 

1. Descriptive Analysis  

 

Reliability analyses were completed for all items, by form. The 8th grade items on the ONPAR_LL form have a higher 

reliability than the 4th grade items, and the traditional form has a higher reliability than the ONPAR forms. 

Table 9: Reliability of Items by Form 

Reliability 4th Grade 8th Grade 

TestType 
N of 

Items 
Cronbach's 

Alpha 
N of 

Items 
Cronbach's 

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 between scaled score and ability index, shown in Table 10 and  Table 11, show that the correlation 

the ability measure is much better correlated with student results for the 4th grade than for the 8th grade. Part of this 

difference is in the difficulty in collecting ability scores for specific content areas for the 8th grade students. Since 

content standards do not align directly across districts, we found that some students 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, some 

students had moved on to high school, so records were difficult to track down for our purposes.  

The 4th grade results, however, show that the ability index does seem to correlate with student ability in the manner 

we expected. The correlations between ONPAR_LL results  and ability are higher than for the traditional form for the 

low ELL, high ELL and nonELL groups. The ONPAR_VL results indicate that additional factors, most likely the amount 

of inferencing load, may have impacted studentsΩ comprehension of the test items. 

Table 10: Correlations between ScaleScore and Ability Index-4th Grade  

      Traditional ONPAR_LL ONPAR_VL 

ELLGroup Variable Statistic ABIndex ABIndex ABIndex 

Low ScaleScore Pearson Correlation 0.23 0.33 0.00 

  
 

Sig. (2-tailed) 0.35 0.14 0.99 

  
 

N 19 21 19 

Mid ScaleScore Pearson Correlation 0.34 0.18 0.26 

  
 

Sig. (2-tailed) 0.15 0.35 0.19 

  
 

N 19 28 27 

Hi ScaleScore Pearson Correlation -0.23 0.20 0.05 

  
 

Sig. (2-tailed) 0.24 0.30 0.75 

  
 

N 28 30 40 

NonELL ScaleScore Pearson Correlation 0.24 0.33 0.22 

  
 

Sig. (2-tailed) 0.03 0.00 0.03 

    N 78 109 95 

 

Table 11 : Correlations between ScaleScore and Ability Index-8th Grade    

 
 

Additional descriptive tables are included in the Appendix U: Controlled Study Results ς Test Level.  
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2. Test Level Analysis  

ANCOVA 

Results for both 4th and 8th 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 forms, whereas 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 8th grade there is evidence that the low ELL group performed significantly higher on the ONPAR_LL form. 

For 4th 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 ONPAR_LL form, the result is not significantly higher.  

bƻǘŜ ǘƘŀǘ [ŜǾŜƴŜΩǎ ǘŜǎǘ ƻŦ Ŝǉǳŀƭƛǘȅ ƻŦ ŜǊǊƻǊ ǾŀǊƛŀƴŎŜǎ ǿŀǎ Ǌǳƴ ǇǊƛƻǊ ǘƻ ǇǊƻŎŜŜŘƛƴƎ ǿƛǘƘ ǘƘŜ !NCOVAs, and the 

significance test holds for these data, indicating the error variance of the dependent variable is equal across groups.  

ANCh±!Ωǎ ŦƻǊ ōƻǘƘ ƎǊŀŘŜ ǿŜǊŜ Ǌǳƴ ǿƛǘƘ ŀƴŘ ǿƛǘƘƻǳǘ ŀōƛƭƛǘȅ ŀǎ ŀ ŎƻǾŀǊƛŀǘŜΦ CƻǊ пth grade, without ability in the 

model, there are still significant differences between ELL groups on the ONPAR_LL form. When ability is controlled 

for, however, 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. For 8th grade, results were similar with and without the 

ability measure.  Results below include the ANOVAs with ability as a covariate.  

4th Grade Results 

The ANCOVA result for 4th grade is shown in the following table. The model shows a significant interaction (F11,500= 

2.29, p=0.01) of form/ELLGroup, with ability a significant covariate (F1,500= 23.51, p<0.01) 

Table 12: Interaction of Form and ELLGroup, controlling for Ability ï 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 <0.01 

Within (adj) 4371503.67 500 8743.01     

Total 4796954.93 512 
    

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 includes scores that have been controlled by ability. 

Figure 5: 4th Grade Scale Score  
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The a priori comparisons, controlling for ability, are included in the table below: 

Table 13: A priori comparisons for 4th Grade 

Comparisons for 4th 
Grade 

ELLGroup 
=Low 

ELLGroup 
=NonELL 

ELLGroup 
=NonELL 

GROUP/FORM Dyads 
Trad 
N=19 

Trad 
N=78 

ONPAR_LL 
N=109 

ELLGroup  
=Low 

ONPAR_LL 
N=21 

NS 
p=.371 

Sig 
p=.033  

NS 
p=0.215 

ELLGroup 
 =NonELL 

ONPAR_LL 
N=109  

NS  
p=.469 

ELLGroup  
=NonELL 

Trad 
N=78 

Sig 
p=0.001 

 

The a priori analysis showed that there are significant differences in scores for students in different ELL groups on 

the traditional form (p=0.01) and the ONPAR_VL form (p=0.01), however there are no significant differences in 

student groups on the ONPAR_LL form (p=0.67). When the ANOVAs were run without ability as a covariate, then 

significant differences were observed between ELL groups on all forms, however, some of the variance in the scores 

has been accounted for by the controlling 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 individual differences will be 

examined in the item level analysis section to explain the differences between the items on each of the two ONPAR 

forms. Note that ability is a significant covariate for each of the forms.  
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There results also 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 ONPAR_LL form. We are seeing an increase in the scores for the low ELL group on both of 

the ONPAR forms; however, with the small sample size for the Low ELL group, the statistical test does not have 

sufficient power to observe a significant increase. These findings overall support the hypothesis that the ONPAR_LL 

form is a better measure of science ability for the Low ELL group. 

8th Grade Results 

The ANCOVA result for 8th grade is shown in the following table. The model shows a significant interaction (F11,455= 

5.46, p <0.01) of form/ELLGroup. For this grade, ability is not a significant covariate (F1,455= 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 ï 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 (adj) 4130672.91 455 9078.40     

Total 4680195.58 467 
    

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 includes scores that have been controlled by ability. 

Figure 6: 8th Grade Scale Score  

 

Similar to the results for 4th grade, within form analyses show that there are significant differences in scores for 

students in different ELL Groups on the traditional form ( p <0.01) and the ONPAR_VL form (p <0.01), however there 

are no significant differences in student groups on the ONPAR_LL form (p=0.19). These findings indicates that low 
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ELL students are better able to demonstrate their science knowledge on the ONPAR_LL form. For the 8th grade, 

results were similar with and without ability as a covariate. Ability is a significant covariate in the ANCOVA model       

(p=.05), however ability is not seen as a significant covariate in any of the posthoc analyses by form (p>.05). Ability is 

included in all of these results for comparison with the 4th grade results. 

The a priori comparisons for 8th grade, controlling for ability are included in the table below. : 

Table 15: A priori comparisons for 8th Grade 

 

Comparisons for 8th 
Grade 

ELLGroup 
=Low 

ELLGroup 
=NonELL 

ELLGroup 
=NonELL 

GROUP/FORM Dyads 
Trad 
N=54 

Trad 
N=41 

ONPAR_LL 
N=45 

ELLGroup  
=Low 

ONPAR_LL 
N=55 

Sig 
p=.050 

Sig 
p<.001  

NS 
p<.001 

ELLGroup 
 =NonELL 

ONPAR_LL 
N=45  

NS  
p=.093 

ELLGroup  
=NonELL 

Trad 
N=41 

NS 
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 more inferencing 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 ONPAR 

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 ONPAR_LL form. For 8th grade, 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 better 

measure of science ability for the Low ELL group. 

3. Item Level Analysis  

Logistic Regressions 

The dichotomous items were analyzed using 3 models to determine the significant predictor: 

1. Model 1- only ELL level as a predictor 

2. Model 2 ς ELL level and ability index included as possible predictors 

3. Model 3- ELL level, ability index and discourse index included 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 a 

significant predictor for 66% of the overall items, with very little difference 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 when ability was 

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 the dichotomous 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 in Appendix V: Controlled Study Results ς Item Level , includes detail of item results 

sorted by DOK level. The results for Model 2 show that ONPAR items are much less likely than the traditional 

versions to have ELL level as a significant predictor when ability is also included in the model. In total, six of the 

traditional items, across all DOK levels, show ELL level to be a significant predictor, compared to only one ONPAR 

item at DOK 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 the items in these summary tables shows that for traditional items, three of these five, or 

60%, of traditional  items with ability as a significant predictor also have ELL level as a predictor, compared to none 

of the ONPAR items. All of these observations show that the ONPAR items seem to be doing a better job of 

mitigating the effects of studentsΩ ELL level, and seem to be more effective at demonstrating student ability. The 

pattern holds more strongly for 8th grade than for 4th grade, but the trend is similar for both grades. 

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

2, shows that the discourse index is only significant for items which are DOK 2, and not for items with DOK 1. This 

indicates that students 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 items, and, in both grades, these VL items are 

more likely to show ELL level as a significant predictor than the ONPAR_LL version of the item. Based on these 

results, the ONPAR_LL items seem to be more accessible.  

Qualitative Analysis by Item Difficulty  

Following the Logistic Regression Analyses, items were sorted by differences in item difficulty based on the item 

measures produced using winsteps with the entire sample of items. These measures are an indicator of the difficulty 

level of each item, with a higher number indicating a more difficult item on the Rasch scale.  

Items have 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 load, 

and cognitive issues including 

o Directness to latent construct 

o Cognitive density 

o 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 positive 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 in Difficulty  Level 

Grade 8 Measure 
Difference in item measures 
compared to traditional 

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 

SToolkitElectricityPos3 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 change in difficulty  ς ONPAR_LL item more 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 for guessing parameter. The Force Box 

and Muscle Respiration 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 also have a higher 

discourse index indicating that the ONPAR_LL version is a more cohesive item. 

 

ForceBox  
Domain: Physical Science 
 
 

 

Factor Traditional ONPAR_LL 

Chance 
Level for 
guessing: 
 

1/4 
 
 
 

 1/16 
1st box ς prob correct: 1/2 
*1/2=1/4 
2nd box ς prob correct 1/2 
*1/2=1/4 
Total prob = 1/4*1/4= 1/16 

DOK: 2 2 

Discourse 
Index: 

1.3 1.7 
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Cognitive 
Issues: 

¶ Text heavy 
item with no 
images 

¶ Uses scientific 
language for 
forces 

¶ Confusing 
sentence 
structure: 
άŀŎǊƻǎǎέ ǳǎŜŘ 
with 2 different 
meanings 

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

¶ Animation shows the 
forces on the box 
during the action, 
however the 
response may be 
based on final state 
only 

 

Muscle Respiration 
Domain: Life Science 
 

 
 

Factor Traditional ONPAR_LL 

Chance 
Level for 
guessing: 
 

1/4 
 
 
 

 0 
1st box ς prob correct: 1/3 
*1/2=1/6 
2nd box  
 Prob Y axis correct *prob  
graph is in correct order 
Y axis - 1 choices/3 for gas  
Options for graph-
High/med/low , 1/33 
prob graph is in correct 
order 1/3*1/27 = 1/81 
Total prob = 
1/6*1/81=1/486 ς approx 0 
 

DOK: 2 2 

Discourse 
Index: 

0.9 Screen 1: 1.75 
Screen 2: 1.5 

Cognitive 
Issues: 

¶ Requires student 
to read a graph  

¶ Text heavy item 
which uses 
scientific 
language   
(respiration) 

¶ Inferencing  
required to know 
that oxygen 

¶ Requires student to 
create a graph 

¶ Requires a student 
to understand that 
the image is 
referring to muscle 
respiration 

¶ Language ς uses 
atomic symbols 
instead of the 
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comes from air 

¶ Answer is A ς 
may indicate 
students only 
read  until they 
found a correct 
answer 

names of gases 

 

Items with negligible change in difficulty ς Similar Rasch measures 

This group of items had very similar Rasch measures across the forms. Both of these items show very similar 

guessing parameters across forms, because they have a similar number of options. The first item, 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 since the items required to complete the circuit are all listed, either as text or images. 

Saturn 
Domain: Earth and Space Science 
 
 

 

Factor Traditional ONPAR_LL 

Chance 
Level for 
guessing: 
 

1/4 
 
 
 

1/4 

DOK: 1 1 

Discourse 
Index: 

1.71 1.57 

Cognitive 
Issues: 

¶ Very similar 
images 

¶ Similar number 
of options 

¶ Need to identify the 
sun 

 

Toolkit Electricity 
Domain: Physical Science 
 

 
 
 

Factor Traditional ONPAR_LL 

Chance 
Level for 
guessing: 
 

Approx 0 
 
 
 

 Approx 0 
 

DOK: 2 2 

Discourse 
Index: 

1 1 

Cognitive 
Issues: 

¶ Constructed 
Response 

¶ Need to draw a 
complete circuit 
using items 
listed in text 

¶ Need to understand 
interface to 
manipulate circuit 
elements 

¶ Includes additional 
information ς 
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¶ Text heavy item 
with no images 

actually  shows the 
images to support 
circuit elements 

 

 

Items with largest negative change in difficulty ς ONPAR_LL item less difficult on Rasch Scale  

Items with a large negative change indicate the ONPAR_LL  was less difficult on the Rasch scale. The two items with 

the largest negative change in Rasch difficulty measure are both items in which the Traditional and ONPAR_LL items 

are similar, and have a similar guessing parameter. However, in both cases, the ONPAR_LL item has a higher 

discourse index, indicating the ONPAR_LL item are more cohesive. In both cases, the ONPAR_LL contains a clear 

image which supports the construct directly, and seems to help the student to activate the schema much more 

clearly. Both item types are very simple to respond to, so there is little to no construct irrelevance being introduced 

on the ONPAR_LL item.  

Molecules 
Domain: Physical Science 
 

 
 
 

Factor Traditional ONPAR_LL 

Chance 
Level for 
guessing: 
 

1/4 
 
 
 

 1/4 
4 possible solutions 
 

DOK: 2 2 

Discourse 
Index: 

1 1.4 

Cognitive 
Issues: 

¶ Text supported 
by image of 2 
containers 

¶ Only 1 viable 
response 
option based 
on image 

¶ Animation shows 
different states of the 
molecules 

¶ Clearer image 

 

Animal Cell 
Domain: Life Science 
 
 

Factor Traditional ONPAR_LL 

Chance 
Level for 
guessing: 
 

1/4 
 
 
 

 1/5 
5 possible solutions 
 

DOK: 1 1 

Discourse 
Index: 

1.43 2 
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Cognitive 
Issues: 

¶ Text only  

¶ Uses scientific 
terms  

¶ Images support text 

¶ Image shows position 
of cell components 

¶ Clear image engages 
cognitive schema 

 

4th Grade Analysis 

 

Table 17: 4
th

 Grade Differences in Difficulty Level 

Grade 4 Measure 
Difference in item measures 
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 

 

Items with largest positive change in item difficulty- ONPAR item 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 FoodWeb 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 also 

have a higher discourse index indicating the ONPAR_LL version is more cohesive. 

 

Springs  
Domain: Physical Science 
 

Factor Traditional ONPAR_LL 

Chance 
Level for 
guessing 
 

1/4 
 
 
 

1/24 
Total prob = 1/4*1/3*1/2*1/2 = 
1/24 
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DOK 1 1 

Discours
e Index 

1.3 1.5 

Cognitive 
Issues 

¶ 4 options, but 
superlative 
description 
limits response 
to only 2 
options 

¶ Text supported 
by images to 
cue context 

¶ Must be able to 
interpret 
descriptions of 
weights 

 

¶ Student must order all 4 
weights rather than only 
place heaviest 

¶ Weights are represented 
with numbers 

 

FoodWebCrises 
Domain: Life Science 

 
  

 
 

Factor Traditional ONPAR_LL 

Chance 
Level for 
guessing 
 

1/4 
 
 
 

Approx 0 
1st box ς prob correct: 1/3 
*1/ 3=1/9 
2nd box ς prob correct 1/3 
*1/ 3=1/9 
Total prob = 1/9*1/ 9= 1/81 

DOK 2 2 

Discourse 
Index 

1.4 1.5 

Cognitive 
Issues 

¶ Text heavy, uses 
same image as 
ONPAR 

¶ Subtle 
differences 
between 
options are 
difficult for ELLs 
to parse 

¶ Very long 
response 
options 

¶ Compound 
response 
options 

 

¶ Introduces concept of time 
ς may have different correct 
answers depending on time 
frame 

¶ Clear images  

¶ Need to respond to two 
different screens 

¶ Does not explicitly introduce 
idea of food chain, may be 
misinterpreted 

 

 
 












