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In this experimental study, 20 multiple-choice test items from the Massachusetts
Grade 5 science lest were linguistically simplified, and original and simplified
test items were administered to 310 English learners (ELs) and 1,580 non-ELs in
Jfour Massachusetts school districts. This study tested the hypothesis that specific
linguistic features of test items contributed to construct-irrelevant variance in
science test scorves of ELs. Simplifications targeted specific linguistic features, to
identify those features with the largest impacts on ELs’ lest performance. Of
all the linguistic simplifications used in this study, adding visual representations
to answer choices had the largest positive effect on ELs’ performance. These find-
ings have significant implications for the design of multiple-choice test items
that are fair and valid for ELs.
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tandards-driven education reform legislation such as the No Child Left

Behind Act ((NCLB], 2002) is intended to address persistent gaps in test
scores between White middle- and upper-class students who speak
English as a first language and students from historically underserved com-
munities. One such underserved group is students who, under the Every
Student Succeeds Act ([ESSA], 2015), are classified as English learners
(ELs). This classification is based on a set of criteria that typically include
a home language survey and a test of English proficiency.
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We recognize the limitations of classifying students as ELs, which
include (1) the lack of acknowledgment of students’ emerging multilingual
status (Hopewell & Escamilla, 2014; Ojeda, 2016); (2) the diversity of the
backgrounds, languages, language proficiencies, and life experiences that
can be masked by grouping students together under the category ELs; and
(3) the variations in and limitations of the criteria, including testing practices,
used to classify students as ELs (Linquanti & Cook, 2013; Sireci & Faulkner-
Bond, 2015; Proctor & Silverman, 2011). We nonetheless recognize that the
category ELs identifies for schools, school districts, and states, a group of stu-
dents who have historically not received adequate attention from the
research, assessment, and policy communities, and for this reason, we use
the category name, while acknowledging its limitations.
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Science tests at the state and national levels show persistent test score
gaps between ELs and non-ELs (Caldas, 2013; Kober et al., 2010), similar
to those seen on mathematics and English language arts tests (Hemphill &
Vannerman, 2011). As a result of test score gaps between ELs and non-ELs
on science tests, the high-stakes consequences of science testing differen-
tially affect ELs and their teachers, schools, and communities (Caldas,
2013; McIntosh, 2011D). Differences between the test scores of groups of stu-
dents are typically referred to as achievement gaps, but we believe that they
are more accurately described as test score gaps, because achievement is
a complex construct best measured using multiple criteria, rather than a sin-
gle test score (Noble et al., 2012; Pellegrino et al., 2001). Despite the stated
goals of NCLB to close such test score gaps, they persist on large-scale
assessments at the state and national levels (Caldas, 2013; Kober et al.,
2010; Lee & Reeves, 2012), resulting in increasingly substantial consequences
for EL students, their teachers, and schools (Huddleston, 2014; Pennsylvania
Clearinghouse for Education, 2013; Sims, 2013).

Since the passage of NCLB in 2002, there has been an increase in interest
from the research and policy communities in mathematics and English lan-
guage arts testing. However, science testing has received comparatively
less attention from the research community (Noble et al., 2018), due in
part to its relatively late inclusion, in the 2007-2008 school year, in NCLB-
mandated accountability measures. Since 2008, science test scores have
been consistently included in high-stakes NCLB-mandated accountability
measures and ESSA has maintained similar requirements. More recently,
new provisions of ESSA have allowed states greater flexibility in choosing
the tests used for annual reporting purposes (Gewertz, 2015), increasing
the need for research-based guidelines for judging the fairness and validity
of science tests.

Construct-Irrelevant Variance and Assessment of ELs

The need for attention to science tests is underscored by the work of
researchers who have questioned the validity of interpreting ELs’ science
test scores as measures of ELs’ science content knowledge, given that those
science tests are written by and for speakers of English as a first language
(Abedi, 2002, 2006; Hakuta & Beatty, 2000; Solano-Flores & Gustafson,
2012). Hakuta and Beatty (2000) caution that a test intended to measure stu-
dents’ content knowledge cannot provide valid information about students’
knowledge if “a language barrier prevents the students from demonstrating
what they know and can do” (p. 20). In addition, the assessment community
has expressed concern that ELs’ scores on high-stakes science tests include
construct-irrelevant variance (Abedi, 2006; Solano-Flores, 2008). Construct-
irrelevant variance is systematic variance that arises when an assessment
actually measures something other than the construct the test is intended
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to measure (American Educational Research Association [AERA] et al., 2014;
Haladyna & Downing, 2004; Sireci & Faulkner-Bond, 2015). The Standards
for Educational and Psychological Testing state that in cases when EL stu-
dents are given a test written in English,

[iIf the test is not intended to also be a measure of the ability to read in
English, then test scores do not represent the same construct(s) for
examinees who may have poor reading skills, such as limited
English proficient test takers, as they do for those who are fully pro-
ficient in reading English. (AERA et al., 2014, p. 60)

Science tests written in English, particularly when they contain unnecessary
linguistic complexity (Abedi, 2006), may be in part measuring ELs’ levels of
English proficiency, and thus, ELs’ scores on such tests may include
construct-irrelevant variance.

Construct-Irrelevant Variance and the Language of Science Test Items

Large-scale studies of ELs’ interactions with test items have provided evi-
dence that science and mathematics tests written in English are in part mea-
suring ELs’ levels of English proficiency. For example, research on language-
focused accommodations such as translation of tests into students’ first lan-
guages, dual-language test booklets, English or bilingual glossaries of non-
content words, and linguistic simplification of test item language, have
found that these accommodations can lead to improvements in ELs’ test
scores (Abedi, 2008; Abedi & Ewers, 2013; Kieffer et al., 2009; Kieffer
et al., 2012; Li & Suen, 2012; Pennock-Roman & Rivera, 2011, 2012; Sireci
et al., 2003). Testing accommodations are changes to the testing conditions
that do not affect the construct being measured, such as knowledge and
skills in mathematics and science (Butler & Stevens, 1997). Thus, when
ELs who do not receive accommodations score significantly lower than
ELs receiving accommodations, these differences are due to English lan-
guage proficiency of tested students, and not due to students’ content
knowledge and skills in mathematics and science.

While multiple reviews and meta-analyses agree upon the conclusion
that language-based accommodations can lead to improvements in test per-
formance for ELs, they differ about which types of accommodations most
help ELs: translation, dual language test booklets, provision of English dictio-
naries, provision of glossaries with or without Spanish translation, or linguis-
tic simplification (Abedi, 2008; Abedi & Ewers, 2013; Kieffer et al., 2009;
Kieffer et al., 2012; Li & Suen, 2012; Pennock-Roman & Rivera, 2011, 2012;
Sireci et al., 2003). Reviews and meta-analyses by design compile the find-
ings of multiple different studies involving different test items, student sam-
ples, and methods of providing linguistic simplification and other
accommodations. For example, in our analysis (Noble et al., 2018) of 10
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linguistic simplification studies from 2000 to 2013, we found over 50 differ-
ent linguistic features (e.g., unfamiliar words, complex grammatical struc-
ture, long test items) simplified across studies, with each study focused on
a different set of linguistic features of test items. Thus, while these reviews
and meta-analyses support the conclusion that the language of science
and mathematics test items can interfere with the performance of ELs on
those items, they do not agree on how to best address the problem of unnec-
essary linguistic complexity in test items and construct-irrelevant variance in
ELs’ test scores.

The Language of Science Tests

New science tests aligned to the Next Generation Science Standards
(NGSS Lead States, 2013) are expected to have increased English language
demands, due to the focus of the NGSS on communication in science
(National Research Council, 2014a, 2014b). Researchers have expressed con-
cern that such tests may introduce additional English language demands that
are not part of the constructs the tests are intended to measure, and that
these demands may differentially affect EL test-takers (Abedi & Linquanti,
2012). Others have argued that the English language demands of science
tests written in English are part of the construct that science tests are
intended to measure, if the language of test items is consistent with the lan-
guage of the discipline (Avenia-Tapper & Llosa, 2015). While we believe that
some forms of language are appropriate targets of instruction, we do not
believe that interpreting and producing complex academic language in
English is the only way in which students can communicate about science,
even though many testing regimes limit the ways students can demonstrate
this ability. Furthermore, as the linguistic simplification studies described
above have demonstrated, test items in science and mathematics frequently
contain unnecessary linguistic complexity that negatively affects ELs’ test
scores and is neither required to convey the science or mathematics content
of the test items, nor part of scientific or mathematical practice (Abedi, 2006).

To address the increasing challenges of assessing ELs’ science and math-
ematics knowledge and skills using valid measures, the field of assessment
research and development needs a better understanding of how ELs interact
with science and mathematics test items written in English. The main study
reported herein focuses on science test items, because they have historically
received less attention from assessment researchers than mathematics test
items (Noble et al., 2018). The goal of this study is to understand which lin-
guistic features contribute the most unnecessary linguistic complexity to sci-
ence test items, and thus, most affect ELs’ performance on those items. We
wish to inform the work of test designers, state departments of education,
and assessment consortia, to help them to construct more valid and fair tests
for both ELs and non-ELs.
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The main study reported herein focuses on the Grade 5 Science,
Technology, and Engineering Massachusetts Comprehensive Assessment
System (STE MCAS), which is the Grade 5 test that fulfills the science
accountability requirements of NCLB and ESSA for Massachusetts (MA
Department of Elementary and Secondary Education [MA DESE], 2014a).
In preparation for the main study, we sought to identify the linguistic fea-
tures of multiple-choice test items on the Grade 5 STE MCAS that were
most problematic for Grade 5 EL students in MA. The preparatory research
we undertook to identify these linguistic features is described in more detail
in other publications (Kachchaf et al., 2016; Noble et al., 2018) and briefly
summarized in the “Preparatory Work” section that follows.

Preparatory Work
Synthesizing the Literature

We began our preparation for the study described herein with a synthesis
of the literature on science and mathematics testing of ELs (Noble et al.,
2018). The goal of this synthesis was to identify reports of research published
between 2000 and 2013 showing evidence of the interaction between spe-
cific linguistic features of science and mathematics test items and the perfor-
mance of ELs on those items. Research on mathematics test items was
included in the review because it has yielded findings relevant to science
test items. From 231 reports identified in our initial searches, we identified
a subset that included 16 reports of original studies testing hypotheses
regarding the effects of specific linguistic features of science and mathemat-
ics test items on ELs’ test performance. Over 60 linguistic features were iden-
tified across this subset of studies, and we found that 16 of these linguistic
features (e.g., unfamiliar words, complex grammatical structures of various
kinds, and item length) were each identified by three or more studies as
affecting performance of ELs.

Correlation of Features With Differential Item Functioning

To determine how the 16 features identified in the literature synthesis
are related to ELs’ performance on the Grade 5 STE MCAS, we conducted
a correlation study (Kachchaf et al., 2016). We collected all 162 released
multiple-choice Grade 5 STE MCAS items from the years 2004 to 2010 that
were keyed to the standards within the Earth and Space Science, Life
Science, and Physical Sciences topics. We did not include the items keyed
to standards within the Technology/Engineering Design topic due to infor-
mation collected from an informal survey of MA teachers indicating that
this content is not consistently taught. We coded each of these 162 items
for 11 linguistic features selected, based on their frequency of occurrence
in STE MCAS items, from the 16 features identified in the literature synthesis.
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We also coded the items for two additional features identified in cognitive
interview studies and item analyses as problematic for ELs answering STE
MCAS items (Noble et al., 2012), leading to a total of 13 coded linguistic fea-
tures. We correlated the presence of each of these 13 linguistic features with
differential item functioning (DIF) for ELs compared with non-ELs for all 162
test items in the sample, to identify those test items that were differentially
harder for ELs compared with non-ELs. Out of the 13 features investigated
in that study, 3 features (Low-Frequency Nontechnical Vocabulary, Forced
Comparison, and Reference Back) were correlated at a statistically significant
level with higher levels of DIF favoring non-ELs over ELs. In other words,
these three linguistic features appeared more often in test items on which
ELs scored lower than non-ELs who scored similarly on the rest of the items
on the test. Two other features (Technical Vocabulary and Visuals) were cor-
related at a statistically significant level with Jower levels of DIF favoring non-
ELs over ELs, that is, appeared to be helpful to ELs. All five of the features
found to be correlated with DIF at a statistically significant level are defined
in detail in the “Method” section for the main study. The findings of the cor-
relation study provided one indication of how the linguistic features identi-
fied in prior research on ELs and science and mathematics testing might
affect the test performance of Grade 5 ELs taking the STE MCAS. Further
details regarding correlation study methods and findings can be found in
Kachchaf et al. (20106).

In the main study, we used the results of this preparatory work to design
targeted linguistic simplifications of multiple-choice science test items from
the Grade 5 STE. Many prior linguistic simplification studies had the goal
of demonstrating the effectiveness of linguistic simplification as an accom-
modation method, and the role of linguistic complexity, broadly conceived,
in EL test performance (e.g., Abedi et al., 2003; Abedi et al., 2005; Abedi &
Lord, 2001; Sato et al., 2010). Diverging from this work, we focused our lin-
guistic simplifications on a small number of linguistic features identified in
our preparatory work as problematic specifically for Grade 5 ELs taking
the STE MCAS, in order to find out which of these features most affect
ELs’ performance on science test items.

Method

The primary goal of the main study is to identify the linguistic features of
multiple-choice science test items that have the largest effects on the perfor-
mance of ELs taking the Grade 5 STE MCAS. To evaluate these effects, we
performed targeted linguistic simplifications of released Grade 5 science
test items from the STE MCAS, we administered original and linguistically
simplified versions of the test items to ELs and non-ELs, and we evaluated
the effects of linguistically simplified items using a variety of statistical pro-
cedures. Our research questions are as follows:
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1. What are the effects of targeted linguistic simplifications of multiple-choice
Grade 5 STE MCAS test items on the performance of ELs and on the perfor-
mance of non-ELs who score at varying levels on the MCAS English language
arts (ELA) test?

2. How do ELs with varying levels of English proficiency respond to the linguistic
simplifications?

3. Which specific linguistic simplification types and individual item linguistic sim-
plifications had the greatest effects on the performance of ELs?

Measures

The three assessments used in this study were used to fulfill state and
federal accountability requirements for MA. They are the Grade 5 STE
MCAS, the Grade 5 ELA MCAS, and the MA English proficiency assessment
for ELs, the Assessing Comprehension and Communication in English State
to State (ACCESS) for English Language Learners (WIDA, 2014). The ELA
MCAS and the ACCESS test were used to explore differences in performance
across subgroups within our samples. The psychometric properties of these
assessments are detailed in the associated Technical Reports (Center for
Applied Linguistics, 2015; MA DESE, 2014b), as required under NCLB and
ESSA. Table 1 provides details about each assessment used in this study.

Participants

Students were recruited to participate in this study from four urban
school districts in MA. All four school districts had large EL populations
and a majority of students were considered economically disadvantaged in
three of the four districts. Table 2 provides information about the Grade 5
populations in the four districts in MA compared with the U.S. Grade 5 pop-
ulation (National Center for Education Statistics 2015, 2019). As can be noted
in Table 2, MA’s EL population has a smaller overall proportion of speakers
of Spanish as a first language than the United States as a whole, although
some districts within MA have populations of ELs that reflect the Spanish-
dominance of the EL population in the country as a whole. As in much of
the United States, the districts in this study and MA as a whole reflect the
broad linguistic diversity of the country, including speakers of over 100 lan-
guages in MA, and speakers of multiple dialects of these languages.

Table 3 provides details regarding our sample of Grade 5 students,’
including the numbers of students for whom we have scores from the meas-
ures described in Table 1.

Test Item Simplification

The process used to simplify the test items is described in detail else-
where (Noble et al., 2016), and summarized here. The process involved
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Table 1

Assessments Used in the Study

Variable

STE MCAS

ELA MCAS

ACCESS

Administered to

Multiple-choice
items per year

Open response
items per year

Other format
items per year

Topics

Scaled scores
Proficiency

Our focus

All Grade 5
students in state

38

Earth and Space
Science, Life
Science, Physical
Sciences, and
Technology/
Engineering
Design

200-280
240 and above

Multiple-choice
items

Earth and Space
Science, Life
Science, Physical
Sciences topics

All Grade 5
students except
for EL students in
first year in U.S.
schools

36

Reading and
English Language

200-280
240 and above

Overall score

All Grade 5 EL
students in state

48

3 Scripted interview
questions

Reading, Writing,
Listening, and

Speaking in
English

100-600
500 and above

Reading score

Note. EL = English learner; STE MCAS = Grade 5 Science, Technology, and Engineering
Massachusetts Comprehensive Assessment System; ELA MCAS = English Language Arts
Massachusetts Comprehensive Assessment System; ACCESS = Assessing Comprehension
and Communication in English State to State.

several steps, including (1) identifying items to simplify, (2) developing item
simplification methods and initial simplified test items, (3) review of
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Table 2
Size of Grade 5 EL Populations in Study Year
Percentage Percentage of EL Students
Population Grade 5 Students EL Students With First Language Spanish
United States 3,710,000 9.8 76
Massachusetts 72,048 8 49
District A 300-400 17 80-90
District B 400-500 8 40-50
District C 600700 12 40-50
District D 1,800-2,000 18 80-90
Note. EL = English learner.
Table 3
Sample Sizes for Analyses

Group STE MCAS ACCESS ELA MCAS
ELs

Girls 165 165 155

Boys 145 145 125

Total 310 310 280
Non-ELs

Girls 825 - 780

Boys 755 - 704

Total 1,580 - 1,484
ELs first language Spanish 234 234 210
ELs other first language 76 76 70

Note. EL = English learner; STE MCAS = Grade 5 Science, Technology, and Engineering
Massachusetts Comprehensive Assessment System; ELA MCAS = English Language Arts
Massachusetts Comprehensive Assessment System; ACCESS = Assessing Comprehension
and Communication in English State to State.

simplified items by expert panels, and (4) refining linguistic simplifications
based on cognitive interviews and pilot testing.

Identifying Items to Simplify

Test items to simplify were drawn from the 162 released multiple-choice
Grade 5 STE MCAS test items from the years 2004 to 2010 that were coded
for the correlation study described in the “Preparatory Work” subsection.
From this set of 162 items, 32 items were selected for linguistic simplification
based on the presence of the linguistic features that were targeted for simplifi-
cation and statistical criteria, including DIF values flagging the items as more
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difficult for ELs than non-ELs with similar science test scores (Kachchaf et al.,
2016).

Developing Item Simplification Methods and Initial Simplified Items

Our linguistic simplifications either (1) removed or reduced linguistic fea-
tures associated with lower performance for ELs or (2) added features associ-
ated with higher performance for ELs. The three item features we removed
were Low-Frequency Nontechnical Vocabulary, Forced Comparison, and
Reference Back. The one feature we added was a Visual (picture, diagram,
or table), which was considered a linguistic simplification, due to evidence
that the presence of a visual can mitigate the effects of linguistic complexity
of test items on ELs (Martiniello, 2009). The four simplifications we developed
based on these features are described in the remainder of this section.

Low-Frequency Nontechnical Vocabulary are words that occur infrequently
in fifth-grade texts, and do not have a primarily scientific meaning. Examples of
Low-Frequency Nontechnical words in the Grade 5 STE MCAS are “crumble,”
“hose,” “repeatedly,” and “unusually.” We classified words as low frequency
following the procedures of Butler et al. (2004) and excluded from this set
words that were identified as technical due to having a primary meaning asso-
ciated with a scientific discipline or one of the MA state science standards
(Kachchaf et al, 2016). Our Low-Frequency Nontechnical simplification
involved replacing each Low-Frequency Nontechnical word with a higher fre-
quency synonym, unless the original word was judged to be integral to the sci-
ence content of the item. For example, in a test item asking: “What can make
a rock crack and crumble?” the Low-Frequency Nontechnical word “crumble”
could be replaced with the higher frequency word “break” without changing
the scientific meaning, leading to the simplification: “What can make a rock
crack and break?”

The Forced Comparison feature occurs in test items requiring students to
compare all answer choices to select the one that is, in the wording of the
item, the “best,” or “most likely.” That is, the correct answer choice is at
an extreme on a scale defined by the test item. For example, an item that
asks: “Which of the following is the most likely result of heating water in
a pan?” has the Forced Comparison feature. A simplification of this test
item is “What happens when you heat water in a pan?” To create this and
other Forced Comparison simplifications, we removed the extreme value
descriptor “most likely” and removed the vague noun associated with it,
“result.” We also replaced the complex question phrase “Which of the fol-
lowing” with the question word “What.”

The Reference Back feature occurs in test items in which the question
sentence requires students to refer back to information given earlier in the
item. For example, in the question “How would the earthworm respond
to this change?” the noun phrase “this change” refers back to prior sentences

o«
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of the item. For each test item with the Reference Back feature, we added to
the question sentence the information needed from prior sentences (e.g.,
“How would the earthworm respond to the lights?”).

The Visual feature occurs in test items with a visual representation in the
form of an image illustrating some object(s) described in the item stem
(the part of the item prior to the answer choices) or the answer choices.
The Visual simplification involves adding one or more visual representations
to an item or enhancing an existing visual representation.2 For example,
Figure 1 shows a test item to which we added visuals to illustrate the answer
choices, as shown in Figure 2.

Review of Simplifications

Throughout our development of simplified test items, a panel of experts
in linguistics, STE assessment, and EL education reviewed all simplifications
for their effectiveness in altering the intended linguistic feature without alter-
ing the target science content. In addition, all original and simplified test
items were reviewed by experienced school district science coordinators
and practicing scientists to verify that the simplifications did not alter the sci-
ence knowledge or science task targeted by the original test items.

Refining Simplifications

We tested our original set of item simplifications (Low-Frequency
Nontechnical words, Forced Comparison, Reference Back, and Visuals)
applied to 32 released Grade 5 STE MCAS multiple-choice test items in 16
cognitive interviews with Grade 5 EL students with varying English profi-
ciency levels and first languages. Each student was interviewed about a com-
bination of original and simplified test items. However, no student was
interviewed about both the original and the simplified form of the same
item. We found that the Visual simplification consistently improved ELs’
item comprehension and performance, but that the other simplifications
did not. As a result, we were forced to reconsider our simplification method.
Our original method was not designed to produce the ideal simplification for
each item, but instead to investigate the effects of individual item features on
student performance. However, our initial cognitive interview data sug-
gested that simplifying individual item features was unlikely to yield measur-
able improvements in EL performance on the items. For this reason, we
retained the targeted nature of our simplifications, but altered our method
as described below.

Dual-Feature Simplifications

We hypothesized that simplifying one language-based feature (Low-
Frequency Nontechnical words, Forced Comparison, or Reference Back)
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Which of the following objects is probably the most flexible?
A. a ceramic dish

B. a wooden block

C. ashort steel rod

D. anew rubber hose

Figure 1. ltem 200008001 original (MA DOE, 2005).

Which of the following objects is probably the most flexible?

—

A. a ceramic dish

B. a wooden block D. anew rubber hose

Figure 2. ltem 200008001 simplified: Visual added.

2187



Noble et al.

may have been insufficient to improve ELs’ item comprehension and perfor-
mance because of the other interfering features of the items. Thus, we devel-
oped a new set of simplifications in which pairs of regularly co-occurring
features were simplified for each test item. For example, the Forced
Comparison and Reference Back features frequently co-occurred, as in this
original test item, which has the Reference Back feature italicized and the
Forced Comparison feature bolded: “Ricardo has an igneous rock in his
rock collection. Where did this rock most likely form?” (Massachusetts
Department of Education [MA DOE], 2004). The dual-feature Forced
Comparison and Reference Back simplification of this item is “Ricardo has
an igneous rock in his rock collection. Where do igneous rocks form?” We
intended these dual-feature simplifications to sufficiently clarify the language
of test items to improve performance for ELs, while at the same time remain-
ing sufficiently targeted to allow us to determine which features had the
greatest effect on EL performance.

Interview-Based Simplifications

Our initial cognitive interviews surfaced additional features that we had
not previously identified as problematic for ELs. For example, in one test
item, the word “damp” was found to be unknown to a number of the EL stu-
dents whom we interviewed, even though it had not been coded as Low-
Frequency Nontechnical. As described in previous publications (Kachchaf
et al., 2016; Noble et al., 2016), the Low-Frequency Nontechnical classifica-
tion is based on a word frequency list published in 1995 (Zeno et al., 1995),
which was the best resource available to us at the time of our study.
However, EL students in MA may have different experiences of written
English than those documented by Zeno et al. in 1995. Thus, we chose to
use our interviews with ELs to find problematic language in test items that
our coding methods had not identified, including additional unfamiliar
words in test items, polysemous words with a familiar meaning inconsistent
with the meaning intended in the test item, confusing timelines in item
stems, and visuals needed in items that had not been targeted for the
Visual simplification. Based on this information, we created Interview-based
simplifications for some test items. Each Interview-based simplification also
included changes to one or more previously identified item features (i.e.,
Forced Comparison, Reference Back, Low-Frequency Nontechnical words,
or addition of Visuals).

As a result of these two changes in our item simplification method, our
simplifications became less targeted, but more likely to affect EL performance.
In addition, the Interview-based simplification provided the opportunity to
see the effects of feature-driven targeted simplifications versus simplifications
driven both by item features and by findings of cognitive interviews with EL
students from the population for whom the test was intended.
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The updated simplifications were tested in a second set of interviews with
a similarly diverse group of 36 Grade 5 EL students, five of whom were inter-
viewed twice, for a total of 41 interviews about test items simplified according
to four updated simplification types: (1) the Forced Comparison and
Reference Back simplification, (2) the Forced Comparison and Low-
Frequency Nontechnical simplification, (3) the Visual simplification, and (4)
the Interview-based simplification. The findings from these 41 interviews sug-
gested that each of these simplifications improved EL performance, and that
24 of the 60 different test item simplifications we tested were the most effec-
tive in improving ELs’ item comprehension and performance.

These 24 item simplifications were then pilot-tested with a sample of 50
Grade 5 EL and non-EL students from an urban school district in MA, and
reduced to a set of 20 item simplifications when we learned that the pilot
test form was too long for some students. The 20 test items we chose to sim-
plify for the full-scale study cover 14 different standards from across Earth
and Space Science, Life Science, and Physical Sciences, but are not as com-
prehensive in coverage as a whole STE MCAS test, which contains 38 test
items. Further details about each simplification type and the linguistic simpli-
fication process can be found in other writing about this study (Kachchaf
et al., 2014; Noble et al., 2014; Kachchaf et al., 2016).

Research Design and Procedure

To evaluate differences in students’ performance across the original
(unsimplified) and simplified items, we used an experimental design in
which both ELs and non-ELs took tests consisting of both original and sim-
plified items. Two different test versions, Test Version A and Test Version B,
were created so that no student would see both the simplified and the orig-
inal version of the same item. Student participants were randomly assigned
one of the test versions. Each test version had a total of 26 multiple-choice
items, including 20 experimental test items (consisting of 10 test items in
their original form and 10 test items in their simplified form) and 6 “anchor”
items, common to both test forms. The anchor items were chosen for their
lack of linguistic complexity, negligible levels of EL/non-EL DIF, and cover-
age of the standards within the Earth and Space Science, Life Science, and
Physical Sciences topics. A student’s score on the six anchor items was
used as an independent measure of the student’s science test performance
for analysis purposes.

The 10 experimental test items in Item Set 1 were presented in their orig-
inal form in Test Version A and were presented in their simplified form in
Test Version B. The 10 experimental test items in Item Set 2 were presented
in their original form in Test Version B and in their simplified form in Test
Version A (see Table 4). All participating students saw both Item Sets 1
and 2, but students who saw Item Set 1 in original form saw Item Set 2 in
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Table 4
Research Design
Test Version Original Ttems Simplified Items Anchor Items
A Item Set 1: 10 items Item Set 2: 10 items 6 items
B Item Set 2: 10 items Item Set 1: 10 items 6 items

Note. “Original” refers to the unsimplified versions of the items.

simplified form, and vice versa. As a result, no student saw both the original
and simplified version of any test item. The anchor items were the same in
both test versions, in randomly determined positions that were kept fixed in
all tests. The experimental (nonanchor) items were presented in two differ-
ent, counterbalanced orders in Test Version A and in Test Version B, to con-
trol for fatigue effects. Table 4 presents the research design for the study.

The tests were administered between February 3 and March 7, 2014.
Tests were administered in one school district by teachers as the district
benchmark assessment, and in the other three school districts by teams of
trained test administrators who were primarily retired teachers and school
administrators. A maximum of one hour was allowed for students to com-
plete the test, to accommodate school schedules.

Four percent of the students (71) did not fill in answers for between one
and three test items. Half of 1% of students (8) did not fill in answers for four
or more test items. Given that these unanswered items were distributed
throughout students’ test booklets, rather than being grouped at the end of stu-
dents’ tests, we considered unanswered items to be items that students were
unable to answer rather than items students had not had an opportunity to
see, and thus, scored them as incorrect responses. Tests were electronically
scored and data were entered into spreadsheets for data analysis.
Demographic data provided by the MA DESE and merged with our data set
included students’ gender and first language information, which was used to
characterize our sample. We also collected information about students receiving
special education services, which was used to exclude this student group from
our main analysis, due to the potential for confounding of variables.

Data Analysis

To evaluate the effects of the linguistic simplifications, we conducted anal-
yses at the item set level, the linguistic simplification type level, and the indi-
vidual item level. Each analysis is discussed in the sections that follow.

Item Set—Level Analysis

All students saw a test including both Item Sets 1 and 2. However, since
each student saw one item set in original form and the other item set in
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simplified form, we analyzed the findings for each item set separately. At the
item set level, we used analysis of covariance (ANCOVA) to compare the raw
scores of ELs and non-ELs on the original versus simplified versions of the
items, using students’ raw scores on the six anchor items as a covariate.
The ANCOVA involved comparing three student groups—FELs, non-ELs
who scored below “proficient” on the ELA MCAS (hereafter referred to as
Non-ELs—Low), and non-ELs who scored at or above “proficient” on the
ELA MCAS (hereafter referred to as Non-ELs-High). The dependent variable
in these analyses was the total score on the 10-item set (Item Set 1 or Item Set
2). Each item was scored O for an incorrect or missing answer choice, and 1
for a correct answer choice. Language status was one independent variable
with three levels (EL, Non-EL-Low, Non-EL-High), and format of the 10-item
set (original or simplified) was the other independent variable. Total score
on the six anchor items was the covariate.

We conducted two separate ANCOVAs: one for Ttem Set 1 and one for
Item Set 2. These ANCOVA analyses allowed us to evaluate whether the sim-
plified versions of the items were differentially easier for ELs, relative to their
non-EL Counterpzlrts.3 We expected to see ELs improve more on the simpli-
fied items than non-ELs, consistent with the differential boost hypothesis
(Fuchs et al., 2000). In addition, we expected to see the greatest difference
in improvement between ELs and Non-EL-High students, due to findings
from prior research (e.g., Sato et al., 2010) indicating that linguistic simplifi-
cation can benefit non-ELs with lower levels of English language proficiency,
such as our Non-EL-Low group.

To investigate the effects of linguistic simplifications at the item set level
on ELs at varying levels of English proficiency, we conducted an ANCOVA
using data from ELs only, with reading subscores from the ACCESS
English proficiency test as an additional covariate. In this analysis, we again
compared how ELs did on the original versus simplified versions of the
items, but we used two covariates: English language reading proficiency
score and score on the anchor items. The English language reading profi-
ciency score was used, rather than a score involving writing, speaking, or lis-
tening, to isolate the skills most needed to interact with multiple-choice test
items written in English. This analysis allowed us to evaluate whether the lin-
guistic simplification effect interacted with English reading proficiency (e.g.,
do the simplifications differentially affect ELs of lower or higher English
reading proficiency?).

Evaluating Simplification Types and Simplified Items

In addition to looking at overall differences in mean performance across
student groups on original versus simplified item sets, we were also inter-
ested in exploring whether specific simplification types led to improved per-
formance, and if so, which specific test items contributed to the success of
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specific simplification types. Such effects could be overshadowed at the item
set level. Therefore, we used an item response theory (IRT) approach that
grouped together items based on how they were simplified to evaluate
groups of items defined by simplification type. To follow up on this analysis,
we evaluated the effects of individual test item simplifications, using a DIF
approach. These procedures are described next.

Comparison of simplification-type test characteristic curves. To evaluate
whether linguistic simplification effects were linked to one of the four spe-
cific simplification types (i.e., Forced Comparison & Reference Back, Forced
Comparison & Low-Frequency Nontechnical, Visual, or Interview-based),
we used IRT to calibrate all the test items so that simplification type—specific
“test characteristic curves” (TCCs) based on items of the same simplification
type could be created. Item difficulty and proficiency scores for examinees
were estimated using the one-parameter logistic (1PL) IRT model,

1
PO)= e [=D(6; ~ b))’

(1)

where P; is probability of a correct answer on item 7, 0, (theta) is student ;s
proficiency, b; is the difficulty parameter for item 4, D is a scaling factor equal
to 1.7, and exp refers to the base of the natural logarithm.

The items were calibrated separately for each group defined by lan-
guage status (ELs, Non-ELs-Low, and Non-ELs-High). The item difficulty
parameter estimates (b-parameter estimates) for Test Version B were placed
onto the same scale as those for Test Version A using the mean-sigma
method. The b-parameter estimates were used to create mini-TCCs based
on items of the same simplification type, in order to analyze the effects of
specific simplification types on the test scores of ELs and non-ELs. To com-
pute these TCCs, the item characteristic curves were summed for proficiency
values ranging from —3 to 3 in increments of 0.1 for each item associated
with each simplification type. The TCCs for original versus simplified items
were then compared for each of the four simplification types.

Differential item functioning analyses for test items. DIF refers to a situ-
ation where an item is more difficult for one group of students compared
with another, when students in the two groups are matched on overall pro-
ficiency (typically defined as overall test score). Clauser and Mazor (1998)
described DIF as being present “when examinees from different groups
have differing . . . likelihoods of success on an item, after they have been
maitched on the [proficiency] of interest [italics added]” (p. 31). The italicized
phrase is key to understanding DIF, because it represents an interaction
between group membership and the likelihood of a particular response
on an item, conditional on the test score measured.
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We used DIF analyses in the present study to determine whether the
simplified versions of the items were more or less difficult than their original
counterparts. Unlike more typical uses of DIF analysis, we compared scores
on two different forms of an item for one group of students (e.g., ELs), rather
than using DIF to compare the scores on the same item for two different
groups of students (e.g., ELs vs. non-ELs). The hypothesis underlying our lin-
guistic simplifications is that the items would be easier for ELs after linguistic
simplification, but they would 7ot be easier for non-ELs after linguistic sim-
plification. We used both logistic regression and an IRT-based method
(Lord’s chi-square) to detect DIF, but the results were similar and so we
only describe the logistic regression method here.

Logistic regression estimates the probability of a correct response given
an examinee’s proficiency level. When testing for DIF between a reference
(e.g., original) and focal (e.g., linguistic simplification) group, the logistic
regression model may be specified as

e[To 1104728, +~r3e,g,}

P(uy=1/6;)= (2)

1+€[¢0+¢le,+¢zg/+753,g,]
where P(uij:l’ej) represents the probability of correctly answering item 7
given examinee j's proficiency, denoted 0 g; is a dummy code used to rep-
resent whether examinee j is in the reference (g = 0) or focal (g = 1) group;
To represents the intercept; T; represents the overall relationship between
proficiency and the probability of a correct response; T, represents the dif-
ference between the reference and focal group, controlling for proficiency
level; and 75 corresponds to the interaction between group and proficiency,
denoted 0; g;. Uniform DIF refers to the situation where an item is differen-
tially difficult for one group of students (or for one format of the item, as in
this study) across the entire range of proficiency. Uniform DIF is indicated by
T, # 0 and 713 = 0. Nonuniform DIF refers to the situation where there is a dif-
ference in difficulty, but the degree of the difference changes at different lev-
els of proficiency. Nonuniform DIF is represented by 73 # 0, whether or not
Ty = 0.

In addition to evaluating original/simplified items for statistically signifi-
cant DIF, we also used effect size criteria to determine whether any items
flagged for DIF had nonnegligible effect sizes. Following Jodoin and Gierl’s
(2001) effect size guidelines, items with effect sizes greater than .035 (signify-
ing the linguistic simplification status of the item accounted for 3.5% of the
variation in item performance) were used to identify items as “medium
DIF” (i.e., representing a moderate change in difficulty across original and
simplified items) and effect sizes greater than .07 were used to identify items
displaying “large DIF” (indicating a large change in difficulty).

The covariate in these logistic regression analyses (0,) was based on raw
scores. We used a two-stage purification approach, in which the DIF items
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Table 5
Means (Standard Deviations) for EL Groups and Linguistic
Simplification Conditions

Item Set 1 Item Set 2

Group Original Simplified Original Simplified

Non-EL-High (n = 832) 8.42 (1.40) 854 (1.27) 8.03 (1.52) 8.09 (1.48)
Non-EL-Low (72 = 655) 7.01 (1.92) 7.35 (1.72) 6.22 (1.97) 6.40 (1.87)
EL (n = 310) 6.15 (2.26) 6.71 (2.09) 5.97 (2.23) 5.65 (2.25)

Note. “Original” refers to the unsimplified versions of the items. EL = English learner.

were initially identified using all items to represent 0,. A second analysis was
conducted in which 6; was based on only the non-DIF items. An « level of
.05 was used to flag DIF items and the change in R* values was used to clas-
sify statistically significant items as exhibiting negligible (<0.035), moderate
(0.035-0.07), and large (>0.07) DIF. The R package difR was used to imple-
ment the logistic regression procedure.

Results

The results are organized first by reporting results at the item set level
using the ANCOVAs based on overall scores on the original and simplified
item sets, then reporting the results at the simplification type level, and
finally the item level.

Analyses of Effects of Linguistic Simplifications on Test Scores

The results of the ANCOVAs for Item Sets 1 and 2 are summarized in
Tables 5 through 7. Table 5 presents the descriptive statistics for all groups,
and Tables 6 and 7 summarize the statistical significance tests for Item Sets 1
and 2, respectively. An inspection of the means in Table 5 reveals the largest
differences were across Language status groups. Non-EL-High students had
the highest means, and ELs had the lowest means for both item sets. This
main effect was statistically significant for both item sets (Item Set 1: F
1700y = 71.3, p < .001; Ttem Set 2: Fip. 1700y = 95.9, p < .001).

For Item Set 1, the pattern of mean differences across the original and
simplified items was consistent with our hypotheses, including the differen-
tial boost hypothesis—all students performed better on the simplified items,
with ELs showing the largest increase, followed by Non-EL-Low, and then
Non-EL-High students (see Table 5). As shown in Table 6, the main effect
of linguistic simplification was also statistically significant (¥, 1790=12.6,
p < .001). However, the effect size associated with this main effect was
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Table 6
Summary of ANCOVA Across EL and Non-EL Groups: Item Set 1
Source SS df MS F p n?
Common items 1195.7 1 1195.7 549.9 <.001 24
EL group 310.1 2 155.1 713 <001 .07
Linguistic simplification 27.4 1 27.4 126 <001 .01
Group X Linguistic simplification 7.2 2 3.6 1.7 .19 .00
Error 3892.3 1,790 2.2
Total 54327 1,796

Note. ANCOVA = analysis of covariance; EL = English learner; MS = mean square; SS = sum
of squares.

Table 7
Summary of ANCOVA Across EL and Non-EL Groups: Item Set 2
Source SS df MS F 2 n?
Common items 1475.2 1 14752  607.6 <.001 .25
EL group 465.4 2 2327 959 <.001 .10
Item simplification 1.3 1 1.3 0.5 47 .00
Group X Linguistic simplification 7.6 2 3.8 1.6 21 .00
Error 4345.6 1,790 2.4
Total 6295.1 1,796

Note. ANCOVA = analysis of covariance; EL = English learner; MS = mean square; SS = sum
of squares.

negligible (m® = .01), and the EL Group-by-Item simplification interaction
was not statistically significant (¥, 1790y = 1.65, p = .19).

For Item Set 2, the pattern of mean differences across the original and
simplified items did not fit our hypotheses; the EL group did slightly worse
on the simplified versions of the items, and the two Non-EL groups did
slightly better (see Table 5). As shown in Table 7, the main effect for the lin-
guistic simplification was not statistically significant F;, 1790y = 0.5, p = .47).
The EL Group-by-Item simplification interaction was also not statistically sig-
nificant Fz_ 1790, = 1.6, p = .21). Thus, these results did not support the dif-
ferential boost hypothesis that the ELs would have larger score increases on
the simplified versions of the items, relative to non-ELs.

We ran an additional ANCOVA on ELs, controlling for their English read-
ing proficiency score as measured by the ACCESS test. In this analysis, we
compared ELs” scores on the original and simplified versions of the items,
but we used two covariates: their score on the anchor items as in the
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Table 8
Summary of ANCOVA Results for ELs Using English Reading
Proficiency as a Covariate: Item Set 1

Source SS df MS F 2 0’
Common items 84.3 1 84.3 37.2  <.001 .11
Reading proficiency 271.2 1 2712 1196 <.001 .28
Item simplification 6.3 1 6.3 2.8 .10 .09
Simplification X Reading proficiency 2.3 1 2.3 1.0 32 .00
Error 689.1 304 2.3

Total 1053.2 308

Note. ANCOVA = analysis of covariance; EL = English learner; MS = mean square; SS = sum
of squares.

Table 9
Summary of ANCOVA Results for ELs Using English Reading
Proficiency as a Covariate: Item Set 2

Source SS df MS F 2 n?
Common items 147.9 1 1479 609 <001 .17
Reading proficiency 225.2 1 2252 928 <.001 .23
Item simplification 0.1 1 0.1 0.1 .82 .00
Simplification X Reading proficiency 0.0 1 0.0 0.0 .99 .00
Error 738.2 304 2.4

Total 11144 308

Note. ANCOVA = analysis of covariance; EL = English learner; MS = mean square; SS = sum
of squares.

previous ANCOVAs and their ACCESS reading subscores. As with the previ-
ous ANCOVAs, separate analyses were run for Item Sets 1 and 2.

The ANCOVA summary tables for these analyses are presented in Tables 8
and 9 for Item Sets 1 and 2, respectively. For both analyses, neither the main
effect for Simplification nor the interaction of Simplification and English
Reading Proficiency were statistically significant, although the main effect
for Simplification approached statistical significance for Item Set 1 (with an
m® of .09); however, that finding was not replicated for Item Set 2. These
results indicate that overall, the simplifications did not have a statistically sig-
nificant effect on the ELs’ science test performance, and the lack of effect was
consistent across ELs with various levels of English reading proficiency.

Comparison of Linguistic Simplification-Type Test Characteristic Curves

As described in the Method section, the item characteristic curves for
each version of each test item were summed within each linguistic
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Figure 3. Linguistic simplification type test characteristic curves for English
learner students.

Note. “Original” refers to the unsimplified versions of the items.

simplification type to form “linguistic simplification type” TCCs to investigate
which specific linguistic simplification types had the greatest effects on the
performance of ELs. Separate TCCs were computed for the EL, Non-EL-
Low, and Non-EL-High groups. The original and simplified TCCs for each
linguistic simplification type were plotted together to evaluate whether items
undergoing the specific linguistic simplification were differentially easier (as
a group of items) for a specified student group, relative to their original
counterparts.

Test Characteristic Curves for ELs

Figure 3 provides the TCCs for each linguistic simplification type based
on the simplified and original items and the data from the ELs in the sample.
The x-axis in each graph represents the IRT proficiency scale and the y-axis
represents the expected score. The TCCs for the linguistic simplification types
(1) Forced Comparison and Reference Back and (2) Forced Comparison and
Low-Frequency Nontechnical were nearly identical for the original and
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Figure 4. Linguistic simplification type test characteristic curves for Non—-English
learner-Low students.
Note. “Original” refers to the unsimplified versions of the items.

simplified items, indicating that these simplifications did not markedly change
performance of ELs in the sample. However, the TCCs for the linguistic sim-
plification types Visual and Interview-based indicate that the linguistic simpli-
fications resulted in higher expected scores for the ELs, that is, that these
linguistic simplifications made the items easier for ELs.

Test Characteristic Curves for Non-EL-Low Students

The TCCs for the Non-EL-Low students are presented in Figure 4. The
TCCs for the linguistic simplification types (1) Forced Comparison and
Reference Back, (2) Forced Comparison and Low-Frequency Nontechnical,
and (3) Interview-based were nearly identical for the original and simplified
items. However, the TCC for the Visual simplification type was higher for the
simplified items, indicating that this linguistic simplification resulted in
higher expected scores for the Non-EL-Low students (i.e., the linguistic sim-
plification made the items easier for Non-EL-Low students).
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Figure 5. Linguistic simplification type test characteristic curves for Non—English
learner-High students.
Note. “Original” refers to the unsimplified versions of the items.

Test Characteristic Curves for Non-EL-High Students

For the Non-FL-High group, the TCCs for the linguistic simplification types
(1) Forced Comparison and Reference Back and (2) Forced Comparison and
Low-Frequency Nontechnical were nearly identical for the original and simpli-
fied items (see Figure 5). However, the TCCs for the linguistic simplification
types Visual and Interview-based were higher for the simplified items, indicat-
ing that these two linguistic simplifications resulted in higher expected scores,
but only for those Non-EL-High students scoring at the lower end of the profi-
ciency scale.

Differential Item Functioning Analyses

The results thus far have focused on total scores computed across sets of
items (original or simplified). The DIF analyses provide a more powerful
microscope to use to investigate the effect of individual item simplifications
on student performance. The first set of DIF analyses focused on ELs. The
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Figure 6. Logistic curves for three items flagged for large differential item func-
tioning (English learners group).

Note. “Original” refers to the unsimplified versions of the items.

logistic regression DIF results flagged four items for statistically significant
DIF, indicating that ELs scored very differently on the original versus simpli-
fied forms of these four test items. Of the four test items, three had nonne-
gligible effect sizes, all of which classified them as large DIF (i.e., R* values
greater than .07). For all three items, the simplified item was easier than the
original item. Figure 6 presents the logistic curves for each of the three large
DIF items. The x-axis represents the raw score and the y-axis represents the
probability of a correct response. In each case, the logistic curve for the
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Table 10
Items Flagged for Nonnegligible DIF Indicating Differences Between
Scores on Original and Modified Item for the Listed Group

Group Item Simplification Type  DIF Effect Size Direction

ELs 200017001  Visual Large Simplified easier
ELs 300032001  Interview-based Large Simplified easier
ELs 200008001  Visual Large Simplified easier
Non-EL-Low 400015001  Visual Large Simplified easier
Non-EL-High 400015001  Visual Moderate Simplified easier

Note. DIF = differential item functioning; EL = English learner.

simplified item was higher than the curve for the original item, indicating
that the item was easier in the simplified condition. The linguistic simplifica-
tion demonstrated the hypothesized effect for these three items.

DIF analyses were also conducted for the two non-EL subgroups (Non-EL-
Low and Non-EL-High), and neither of these analyses flagged for nonnegligible
DIF any of the three items that were flagged for ELs, supporting the argument
that the simplifications did not alter the tested construct. However, for the Non-
EL-Low and -High groups, one item (Item 400015001) was flagged for nonne-
gligible DIF indicating that the simplified item was easier, and it had a large
effect size for the Non-EL-Low group and a moderate effect size for the Non-
EL-High group. Although EL scores did not improve significantly on the simpli-
fied version of this item, these findings warrant further investigation, as they
suggest that the test item simplification altered the tested construct for this
item. The overall DIF findings confirm that the score improvements for the three
items flagged for DIF for ELs, all of which were from Item Set 1, were specific to
ELs. Table 10 presents a summary of the DIF results.

Discussion

In this study, we administered original and simplified science test items to
EL and Non-EL Grade 5 students using an experimental design. We used three
sets of statistical analyses and several comparisons to evaluate overall linguis-
tic simplification effects, effects of specific linguistic simplification types, and
effects associated with specific items. One finding is clear: The effects of lin-
guistic simplifications depend on the specific linguistic simplifications that
were performed on specific test items. Although there were no statistically sig-
nificant differences at the item set score level, we did find that for Item Set 1,
the linguistic simplifications improved EL student performance more than the
performance of Non-EL-Low and Non-EL-High students, supporting the
hypothesis that our test item simplifications affected only the English language
demands of the items, and not the science content of the items. However, for
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Item Set 2, we did not improve EL student performance. To better understand
how these two different sets of items may have affected students differently,
we explored effects at the linguistic simplification type and item level.

At the linguistic simplification type level, we observed statistically signif-
icant differences in performance of ELs on simplified and original items for
the Visual and the Interview-based simplifications. The success of the Visual
simplification is consistent with the findings of Solano-Flores et al. (2014),
indicating that the addition of a visual representation is uniquely powerful
in clarifying the meaning of test items written in English. The success of
the Interview-based simplification suggests that more substantial effects
are likely to be seen when multiple features are simplified, consistent with
findings of other linguistic simplification studies (see Noble et al., 2018,
for a review), and that cognitive interviews are an important component
of simplification design.

The analyses of the effects of individual test items on the performance of
ELs and non-ELs provides further information about which specific Visual
and Interview-based linguistic simplifications led to the largest improve-
ments in the performance of ELs. DIF analyses comparing student scores
on original versus simplified versions of test items (rather than comparing
EL to non-EL scores) demonstrated that two of the Visual simplifications
and one of the Interview-based simplifications led to significant improve-
ments in scores for ELs. Non-ELs’ scores did not improve on these items, sup-
porting the conclusion that the tested science content was not altered for
these three items, and that the improvements in scores for ELs were related
to clarification of the item language.

The simplified versions of all three items flagged in the EL DIF analysis
included the addition of visuals to the answer choices.* One of these items is
shown in original and simplified form in Figures 1 and 2, respectively. These
three items appeared in simplified form in Item Set 1, which may provide an
explanation for the improvements in EL scores on the simplified versions of
Item Set 1. In addition, these three items were the only items in the set of
Visual and Interview-based linguistic simplifications in which visuals were
added to the answer choices, as opposed to the stem of the item. We chose
to illustrate the answer choices in these three items because some of the
words in the answer choices were Low-Frequency Nontechnical words,
a type of word found in preparatory work to be correlated with lower test
scores for ELs (e.g., ceramic, hose, wilt; Kachchaf et al., 2016). Our findings
suggest that the visuals added to answer choices may have clarified the
meanings of these Low-Frequency Nontechnical words for students.
Without the visuals, ELs performed significantly worse on these items. The
specific challenge of Low-Frequency Nontechnical vocabulary in answer
choices has not been highlighted in previous research on ELs and assess-
ments in science and mathematics (Noble et al., 2018). This is likely due
in part to the predominance of research on ELs and mathematics
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assessments, in which the challenge of unfamiliar words in answer choices
may be mitigated by the prevalence of numbers, symbols, and visuals in
answer choices on math tests.

Limitations

There are some limitations of the present study that should be noted for
consideration in future research. The goal of our study was to construct tar-
geted linguistic simplifications to isolate the effects of small numbers of lin-
guistic features on ELs’ test performance. We wished to provide the field of
assessment research and development with evidence regarding the effects of
specific linguistic features on ELs’ test scores and guidance about which of
the more than 60 different problematic linguistic features identified in the lit-
erature (Noble et al., 2018) have the largest negative effects on ELs’ test per-
formance. Except in the case of the Visual simplification, we found that
isolating one or two linguistic features to simplify did not cause a significant
change in the performance of ELs compared with non-ELs. Thus, the use of
targeted linguistic simplifications to isolate the effects of specific linguistic
features on ELs’ performance may require larger sample sizes, larger num-
bers of test items for each simplification type, or both.

Implications

Our study highlights the benefits of using multiple sources of data and
multiple forms of data analysis to understand the complex issues of how
to write science test items that allow valid inferences to be made about
ELs’ test scores. The development of simplified test items was informed
and guided by a cognitive interview study with EL students. The analyses
of test results at the item set, linguistic simplification type, and individual
item levels allowed for investigation of the effects of linguistic simplification
types and individual item simplifications that were masked at the item set
level. This type of multilevel analysis may be helpful for future research
on linguistic simplification and other forms of accommodation.

The finding of this study regarding the positive impact of adding visuals to
answer choices is promising and has implications for future assessment
research. Extensive research has explored the use of visuals to illustrate the
stem of test items and the characteristics of visuals that are most effective
for ELs (Solano-Flores et al., 2014). However, there has not been a similarly
detailed analysis of the use of visuals to illustrate answer choices. Given the
comparative success of illustrating answer choices in this study, it is important
for the field of assessment research to further investigate how answer choice
illustration may be used as a tool to improve science assessments for ELs.

In the debate over test item accommodations, this study highlights the
importance of a careful, comprehensive, and research-based linguistic sim-
plification process. The effectiveness of specific forms of simplification
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clearly depends on both the features simplified and the nature of the test
item to which the simplification is applied. For example, while we have
demonstrated that the addition of visuals to answer choices on science test
items can improve performance for ELs, mathematics test items with numer-
ical answer choices may not need visuals added to answer choices, but may
benefit from the addition of other forms of visual representation. Due to the
limitations of our study, we do not have the evidence to recommend specific
forms of linguistic simplification beyond the addition of visual representa-
tions. However, our findings suggest that linguistic simplifications are
more successful when they include multiple test item features and are
informed by cognitive interviews with the students for whom the simplifica-
tions are intended. In addition, there is an existing body of research on lin-
guistic simplification that has shown that comprehensive simplification
processes involving features across the word, sentence, and item levels
can improve EL performance on test items (Noble et al., 2018). The implica-
tions of this study for test accommodations apply equally to test design.
Selecting and refining test items according to the principles of successful lin-
guistic simplification studies and testing these items in cognitive interviews
and field tests with significant numbers of ELs would reduce the need for
accommodations and improve the validity of test score interpretations.

Notes

This research was supported by the Institute of Education Sciences, U.S. Department
of Education through Grant No. R305A110122 and the Education Research Collaborative at
TERC. The opinions expressed herein are those of the authors and do not reflect the opin-
ions of the funding agency. The authors thank Catherine Bowler and Carrie Conaway of
the Massachusetts Department of Elementary and Secondary Education for their partner-
ship with this research effort. The authors also thank all of the students, teachers, and dis-
trict and school administrators who generously chose to participate in this research. This
article is dedicated to them.

'Using Cohen’s (1988) tables and formulae, power analyses indicated power above
.90 for the statistical comparisons made in this study, even when assuming an effect
size as low as .20, and a significance level of .01. Therefore, the sample sizes used in
this study were considered sufficient for evaluating our hypotheses.

’In three out of six visual simplifications, we compared test items that included
a visual illustration in the stem when the item was originally administered with test items
for which the illustration was removed, to investigate the effect of the illustration on the
performance of ELs. In these three cases, the data from the items with the visuals main-
tained was grouped with the data from the items to which a visual was added.

°An IRT approach was also used, and yielded similar results, so is not reported here.

“The linguistic simplification of Item 200017001 also included the addition of visuals
to the stem of the item, and the Interview-based linguistic simplification of the Item
300032001 included removing the Low-Frequency Nontechnical word “tulip” and remov-
ing the Forced Comparison feature by removing the word “first.”
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