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Multiple-choice versus open-ended
response formats of reading test items:
A two-dimensional IRT analysis
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Abstract

The dimensionality of a reading comprehension assessment with non-stem equivalent multiple-
choice (MC) items and open-ended (OE) items was analyzed with German test data of 8523
9" graders. We found that a two-dimensional IRT model with within-item multidimensionality,
where MC and OE items load on a general latent dimension and OE items additionally load on a
nested latent dimension, had a superior fit compared to an unidimensional model (p <.05). Correla-
tions between general cognitive abilities, orthography and vocabulary and the general latent dimen-
sion were significantly higher than with the nested latent dimension (p <.05). Drawing back on
experimental studies on the effect of item format on reading processes, we suppose that the general
latent dimension measures abilities necessary to master basic reading processes and the nested
latent dimension captures abilities necessary to master higher reading processes. Including gender,
language spoken at home, and school track as predictors in latent regression models showed that
the well known advantage of girls and mother-tongue students is found only for the nested latent
dimension.
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Reading comprehension assessment with multiple-choice and
open-ended items

For a long time reading has been a major area of interest for both practitioners and re-
searchers in the fields of cognitive psychology, psycholinguistics, and educational as-
sessment. While cognitive scientists are concerned with analysing the process of reading
comprehension, educational researchers involved in assessment create measures for
reading proficiency and try to explain different levels of reading proficiency, based on
teacher, classroom, and student characteristics. A variety of reading tests have been
developed, spanning basic and applied areas in psychology and education (Alderson,
2000). These tests comprise comprehension questions, recall and recognition tasks, and
other kinds of dual-choice tasks, for example lexical decision (LD-) tasks; they further-
more contain on-line procedures such as eye-tracking and think aloud protocols (Zwaan
& Singer, 2003).

To assess the readers’ understanding of a text, educators and researchers use comprehen-
sion questions. This question type varies along several dimensions (Alderson et al., n.d.),
among them the item format, which can be for example open-ended (OE) or multiple-
choice (MC). In this article we bring together results from experimental psychological
research on reading comprehension assessment and research on item formats in educa-
tional measurement. We strive to show that using a multidimensional IRT model can
improve measurement in reading comprehension assessment and diagnostic usefulness of
reading comprehension test scores. In the following sections we will first briefly outline
the correspondence between psychological reading comprehension theory and educa-
tional measures of reading proficiency. This will be followed by a presentation of re-
search on item formats and reading processes and corresponding text representations. In
the third section we will summarize the main findings of two reviews and a meta-analysis
on the effects of combining different item formats in educational assessment on the di-
mensionality of test performance. Finally we will argue that a multidimensional IRT
model specifying a nested latent dimension for OE items has the potential to reflect the
success in mastering higher-order reading processes.

Reading comprehension processes and reading proficiency measures

Reading assessment in educational contexts has been influenced by psychological read-
ing comprehension theories, for example the construction-integration model (CI-Model,
Kintsch, 1998; Kintsch & van Dijk, 1978). Kintsch describes comprehension as a se-
quence of cyclic, hierarchically nested processes, from the basics of letter- and word-
recognition to higher-order processes of building a coherent representation of the mean-
ing of a text. On the level of the cognitive representation of a text, the CI-model distin-
guishes between (1) a surface structure, which captures the exact wording of a text, (2) a
text base, where propositions are connected, and (3) a situation model, which is a repre-
sentation of the text, achieved through integration of text and prior knowledge. Accord-
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ingly, measures of proficiency in reading assessment can be categorized with regard to
the level of the comprehension process they address.

Measures of reading speed on the sentence level or cognitive tasks such as the lexical
decision-task require processing at the word recognition level and the levels of the pro-
positional text base (building local coherence). However, widely used reading tests, such
as the Nelson-Denny reading test (Brown, Vick-Fishco, & Hannah, 1993), primarily
target the propositional basis of the text as a whole, or the situation model. In fact, under-
standing a text in a way that allows the use of the information it contains in real-life
activities requires an adequate situation model. Thus, large-scale assessments such as the
Program for International Student Assessment (PISA; OECD, 2003) or Progress in
International Reading Literacy Study (PIRLS; Mullis, Kennedy, Martin, & Sainsbury,
2006) aim to evaluate the quality of the construction of a propositional text-base and the
situation model. The same holds true for DESI, a national assessment of language com-
petencies in Germany (Beck & Klieme, 2007; DESI-Konsortium, 2008); The DESI read-
ing proficiency test (Willenberg, 2007) aims to assess to what extent students are able to
build a coherent representation of the text and to construct meaning by integrating previ-
ous knowledge.

In large scale assessments like PISA, PIRLS and DESI, reading proficiency measures are
used to describe and compare the reading proficiency of groups of students. It is there-
fore essential that the used measures allow for valid inferences about reading proficiency.
Moreover, as we will show in the following sections, more detailed measurement mod-
els, which distinguish between abilities needed to answer MC and OE item format, can
possibly enrich this group-specific diagnostic information (Birenbaum & Tatsuoka,
1987). Some of the most prominent grouping variables, which are widely known to be
associated with reading proficiency, are gender, language at home, and school track
(specifically in school systems with early tracking, as in Germany). As it is stated in the
executive summary of PISA 2006 results “reading is the area with the largest gender
gaps” (OECD, 2007, p. 5). In large scale assessments girls usually obtain higher scores
than boys in reading proficiency tests (OECD 2001, 2004, 2007). Test takers who speak
a language other than the test language at home can be expected to perform lower in
reading assessment than test takers who use the test language to communicate within
their family (OECD, 2006; Stanat, Rauch, & Segeritz, 2010). The German school system
segregates students after grade four, and large differences in reading test performance are
found between the different tracks in secondary school (e.g. Artelt, Stanat, Schneider, &
Schiefele, 2001).

Item formats and reading comprehension processes

Ever since standardized reading tests have been developed, item format has been an issue
of discussion. MC items, which were widely accepted and thus were the dominant ques-
tion format until the end of the 1980s, were then thought to be problematic for a number
of reasons. Johns (1978), Katz, Lautenshalger, Blackburn, and Harris (1990), and later
Daneman and Hannon (2001) pointed out that sometimes MC items can be answered
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without reading the respective text passage. This finding raised serious doubts about the
validity of reading proficiency tests that are based solely on MC items. A further concern
regarding MC items is that they make test takers select between pre-determined answers
rather than allowing individualized responses as OE items do (Ozuru, Best, Bell,
Witherspoon, & McNamara, 2007). What is more, OE items are considered to be closer
to the reality of teaching and learning in the classroom, since they mirror teacher-student-
communication on texts more closely.

In response to criticisms of MC items, test developers began to develop tests that com-
bined different types of items, e.g. OE items and MC items. Today, this combination of
item formats is found quite often in large scale assessments of reading comprehension
and other subjects (Kim, Walker, & McHale, 2009; Rodriguez, 2003). In PISA 2000,
2003, and 2006, for example the proportions of open constructed response items, which
required the test-takers to write down their answers, in all reading tasks were 45%, 50%,
and 43%, while the proportion of simple MC items, for which test-takers chose one of
several alternative answers, were 40%, 33%, and 29% (OECD, 2003, 2006). The rest
were complex MC items and closed constructed response items. Including OE items into
standardized reading proficiency tests opens the question of whether OE items measure
the same construct as MC items, or rather different aspects of the reading comprehension
process.

Shohamy (1984) examined the effect of item format (MC and OE items) and language of
assessment (first language = L1 vs. second language = L2) on performance in second
language (L2) reading tests. The main conclusion drawn from her study was that item
format can affect test scores: MC items were found to be generally easier to answer than
OE items. She attributed this to different language processes required to do the tasks.

Wolf (1993) examined the effects of different assessment tasks, languages of assessment
and L2 language competence on L2 reading comprehension test performance. She com-
pared effects of tests with multiple-choice items, open-answer items and cloze-tests. In
cloze-tests test developers delete every n™ word in as passage and test takers have to fill
in each blank. Wolf found that the item type used to assess learners’ reading comprehen-
sion affects their test results: test takers’ performance on the multiple choice items was
significantly better than that on the open-ended and cloze-test tasks.

Kobayashi (2002) examined the effects of text organization (association, description,
causation, problem-solution) and task format (cloze-test, open-ended item, summary
writing) on second language (L2) learners’ performance in reading comprehension tests.
Text organization and test format had a significant impact on test takers’ performance.
Additionally, Kobayashi found a statistically significant interaction between the two
effects.

Other researchers (Cordon & Day, 1996; Pearson et al., 1999) investigated the impact of
item format using think aloud procedures, i.e. asking participants to verbalize their
thoughts while answering MC items and OE items. While Cordon and Day (1996) did
not find any differences in cognitive processes underlying OE and MC items, Pearson et
al. (1999) found that MC items elicited a significantly lower proportion of multiple and
inter-textual strategies than OE items.
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Ozuru, Best, Bell, Witherspoon, and McNamara (2007) conducted experiments on the
influence of test formats on reading comprehension performance. They varied question
formats, i.e. MC vs. OE items and passage availability, i.e. allowing the test taker to
access the text while answering comprehension questions (with-text condition) or taking
the text away (without-text condition). While the authors found high and significant
correlations between the test takes’ performance when answering MC items and OE
items in the without-text condition, there were only very low and non-significant correla-
tions in the with-text condition. Ozuru et al. (2007) deduced that “the processes underly-
ing OE and MC format item answering in the with-text condition are likely to share less
similarity [than those in the without-text condition]” (p. 426).

The studies outlined generally found that MC items in reading assessment seem to be
easier than OE items. Shohamy (1984), Pearson et al. (1999), and Ozuru et al. (2007)
further suggested differences in underlying reading processes, but only Pearson et al.
(1999) further investigated the nature of these differences. One way to approach differ-
ences in answering MC and OE items and underlying reading processes is to look for
differential correlations to reading precursor skills like general cognitive abilities, vo-
cabulary knowledge, orthography knowledge and reading fluency.

General cognitive abilities are known to be positively related to reading test performance
(e.g. Artelt, Schiefele, Schneider, & Stanat, 2002). Several publications have described
that individual differences in cognitive abilities affect the acquisition and development of
lower level reading skills like decoding, i.e. the ability to recognize and decode words
(e.g., Hoskyn & Swanson, 2000; Morris et al., 1998; Snow, Burns, & Griffin, 1998;
Stuebing et al., 2002).

A review on the role of vocabulary knowledge in reading (Sénéchal, Ouellette, & Rod-
ney, 2006) reported moderate correlations between vocabulary and both decoding and
reading comprehension. Ouellette (2006) distinguished vocabulary breadth and depth on
the one hand and decoding, visual word recognition and reading comprehension on the
other hand. She found that vocabulary breadth predicted decoding performance and
visual word recognition, while depth of vocabulary knowledge directly predicted reading
comprehension.

Fluent reading rests on word recognition and is hence related to orthography knowledge.
The effect of orthography knowledge on reading was recently investigated with respect
to lower level reading skills such as word identification (e.g. Conrad, 2008), word decod-
ing and reading fluency (e.g. Georgiou, Parrila, & Papadopoulos, 2008). Nevertheless, if
difficulty is encountered recognizing individual words any higher order skills such as
comprehension can operate (Laberge & Samuels, 1974; Snowling, 2000).

Reading fluency is the ability to read text accurately and quickly. Perfetti (1985, 1992)
has seen fast operating word identification processes as the foundation for text compre-
hension. As reading skill develops automatic word recognition subsequently enables the
devotion of mental resources to the meaning of a text and thus allows readers to clearly
use reading as a tool for the acquisition of new information and knowledge (Perfetti,
1998; Samuels & Flor, 1997; Spear-Swerling & Sternberg, 1994).
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Dimensionality of composite assessments

Empirical studies on the dimensionality of reading assessments which combined MC
items and OE items are relatively rare (see van Krieken, 1993 for a study on multiple-
choice items vs. guided summaries). Nonetheless, investigations on the dimensionality of
composite assessments can be found in the area of assessments of computer science (e.g.
Bennett, Rock, & Wang, 1991; Thyssen, Wainer, & Wang, 1994), mathematics (e.g.
Walker & Beretvas, 2001), science and language (e.g. Ercikan et al., 1998), and econom-
ics (e.g. Becker & Johnston, 1999). The literature on the question whether tests compris-
ing MC and OE items are multidimensional is equivocal.

Two reviews on the question of construct equivalence of MC and OE items from the
beginning 1990s came to different conclusions. Traub and MacRury (1990) recom-
mended that “test developers should not assume that MC tests measure the same cogni-
tive characteristics as OE tests, independent of whether the latter are of the essay type or
discrete item variety” (p.156, translation by the authors). Wainer and Thissen (1993)
suggested the existence of an OE factor, too. But as they found the MC and OE factor
highly correlated and as the MC factor was always the more reliable measure, they con-
cluded “measuring something that is not quite right accurately may yield far better meas-
urement that measuring the right thing poorly” (p.115).

A meta-analysis by Rodriguez (2003) emphasized the role of design characteristics of
test items. The author found that when items were constructed in MC and OE format
both using the same item stem (stem-equivalence) the mean correlation between the two
formats was close to one and significantly higher than when both item types didn’t use
the same stem. Specifically, the mean correlations between the two formats (all corrected
for attenuation) were .92 in stem-equivalent designs, .87 in content equivalent designs,
and .82 in non-content equivalent designs. Rodriguez (2003) therefore concluded that
while stem-equivalent items appeared to measure the same construct this didn’t seem to
be the case for items that are not content equivalent and added: “One may wonder why
we would then combine scores from MC and CR [constructed responses, added by the
authors] items” (p. 180). Following Rodriguez (2003), different scores for MC and OE
items should be reported when both item types were not developed to be stem-equivalent.

In terms of IRT measurement these scores could be attained either by simply applying
two separate unidimensional models to each set of items or by applying some sort of
multidimensional IRT model. Applying two unidimensional IRT models to reading pro-
ficiency data doesn’t reflect the relations between abilities needed to solve both types of
items. This interdependence can be explicitly modeled in multidimensional IRT models
(Briggs & Wilson, 2003).
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Multidimensional IRT models

The usefulness of multidimensional item response theory (MIRT) models for coping with
measurement problems in large scale assessment has been pointed out since the begin-
ning 1990s (Ackerman, 1992; Camilli, 1992; Embretson, 1991; Glas, 1992; Luecht &
Miller, 1992; Oshima & Miller, 1992; Reckase & McKinley, 1991). Nevertheless, the
application of MIRT models in practical testing is relatively rare (Adams, Wilson, &
Wang, 1997; Hartig & Hoéhler, 2008).

Adams et al. (1997) tried to overcome existing application problems by introducing the
multidimensional random coefficients multinominal logit model (MRCMLM). Within
the MRCMLM framework two subclasses of models are distinguished, such with be-
tween-item multidimensionality and such with within-item multidimensionality. In be-
tween-item multidimensional models, each dimension in the model is measured by a
separate disjunctive cluster of items. These models can also be characterized as having an
independent-cluster structure (McDonald, 2000), or a simple structure of loadings in
factor analytic terms. Opposed to that, models with within-item multidimensionality
contain items related to more than one ability dimension. In the simplest two-
dimensional case, models with within-item multidimensionality provide a dimensional
structure where all items load on a general dimension, and only some items additionally
load on a second, nested dimension.

As Hartig and Hohler (2008) pointed out both classes of models have very different
substantive implications. In models with between-item multidimensionality the latent
dimensions represent the abilities required for specific groups of items or subscales, and
it is not specified “whether these abilities are completely different or share some com-
mon elements” (Hartig & Hohler, 2008, p. 92). In models with a nested dimension, the
general dimension represents abilities necessary for all items and the nested dimension
represents abilities required exclusively for those items which also load on the second
dimension. In the case of compound assessment with non-content equivalent item de-
signs the MIRT model with within-item multidimensionality could display abilities
needed to answer MC items and OE items in the general factor and explicitly model the
unique information added by OE items in the nested latent dimension.

An empirical example of the use of a model with within-item multidimensionality is
Walker and Beretvas’ (2001) study on the dimensionality of the mathematics component
of the Washington Assessment of Student learning (WASL). The authors hypothesized
that those mathematical items which require test takers to communicate about mathemat-
ics function differentially in favor of test takers that are better able to organize and pre-
sent their ideas on paper. The focused items required students to explain their thinking
using words, numbers or pictures; to describe a graph or a table or explain the way
someone else solved (not necessarily correct) a mathematical problem. The authors
firstly used differential bundle functioning (DBF) analyses for exploring whether the set
of OE items functioned differently in a comparison of students highly capable of express-
ing their thoughts with those extremely nonproficient. Secondly, a confirmatory factor
analyses (CFA) was conducted fitting a one- and a two-dimensional model. The two
dimensional model was specified the way that all items loaded on the MC factor, which
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was interpreted as the main factor measuring mathematical content, and the OE items
loaded additionally on a OE factor, named mathematical communication. The two factors
were correlated. Results of the DBF and CFA supported the hypotheses that the model
with within-item multidimensionality fitted the data best.

Based on the literature review set out in the foregoing sections we will now state three
research hypotheses. The first hypothesis concerns the comparison of two alternative IRT
models, the second hypothesis specifies expectations on correlations between reading
precursor skills and reading comprehension, modeled once as a uni-dimensional and once
as a two-dimensional variable, and the third hypothesis concerns the effects of the most
prominent grouping variables on reading comprehension again modeled as a uni- and as
a two-dimensional variable.

Hypotheses

We want to compare a two-dimensional model of reading test performance with a more
traditional, unidimensional one. Like Walker and Beretvas (2001) and Hartig and Hohler
(2008) we chose a two-dimensional structure with within-item multidimensionality to
analyze the OE items. Our first hypothesis therefore is:

1. A two-dimensional IRT model in which all items load on the first latent dimension,
and the open-ended items additionally load on a second dimension, is more appropri-
ate to measure reading proficiency than a unidimensional IRT model.

If a superior fit of the two-dimensional model can be shown, we are further interested in
investigating the nature of the two latent dimensions underlying reading test perform-
ance. As stated in the foregoing section we expect general cognitive abilities, vocabulary
knowledge, orthography knowledge, and reading fluency to be more closely related to
the general latent dimension of the two-dimensional model than to the nested latent di-
mension. Our second research hypothesis therefore is:

2. The correlations between general cognitive abilities, vocabulary knowledge, orthog-
raphy knowledge, reading fluency and the general latent dimension of the two-
dimensional model are higher than the correlations between these variables and the
nested latent dimension.

If these differences in correlations are found, we have some support for interpreting the
general latent dimension of the two-dimensional model as abilities necessary to master
basic reading processes and the nested latent dimension as abilities necessary to master
higher reading processes. We are then interested in investigating the diagnostic benefits
of a two-dimensional model compared to a unidimensional model. If we are able to show
distinct relationships between ability estimates on the latent dimension(s) and external
variables, ability profiles could be generated for different groups of test takers. These
profiles could then be used to diagnose for members of these groups abilities necessary
to master the basic reading processes separated from abilities necessary to master the
higher reading processes. The most interesting variables for exploring the diagnostic
benefit of a two-dimensional model of reading comprehension are, as argued above,
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gender, language spoken at home and school track. We therefore state our third research
hypothesis:

3. If reading proficiency is measured using a two-dimensional IRT model, differences
between girls and boys, students speaking different languages at home, and students
from different school tracks will vary between the two dimensions and will also dif-
fer from results using a unidimensional model.

Participants

The dataset used in this study is taken from DESI, a large-scale study on 9th grade stu-
dents’ language competencies and language instruction in Germany (Beck & Klieme,
2007; DESI-Konsortium, 2008). In DESI, students’ German skills and English as foreign
language skills were assessed at the beginning and at the end of school year 2003/2004.
A wide range of language proficiency tests were used in the study, for instance reading,
writing, grammar, and orthography tests for German and English. The sample for DESI
consisted of whole classrooms and was designed to be representative for German ninth-
graders. The analyses presented here are based on the assessment of German reading
proficiency of 8523 students from 427 classrooms at the end of the school year. Students
joint either the Hauptschule (n = 1376), the Gesamtschule (n = 507), the Realschule (n =
2988) or the Gymnasium (#=3652). Slightly more girls were participating (males: n =
4025; females: n = 4498). To identify students which spoke a language other than Ger-
man at home, it was asked “Which language do you mainly use at home when talking to
your parents?” For the sake of brevity, we refer to the students who mainly use a lan-
guage other than German at home as the “non-German”-group (n = 494) in contrast to
the “German”-group (n = 6567). For fair group comparisons we needed a measure of the
socio-economic status (SES). Students’ SES was built according to the international
socio-economic index (ISEI; Ganzeboom, de Graaf, Treiman, & de Leeuw, 1992). We
used the highest ISEI of either a student’s father or mother (HISEIL; n = 5873) as an indi-
cator for that student’s SES.

Instrumentation

The reading proficiency test (Willenberg, 2007) consisted of eight texts, four fictional
texts (e.g. short-stories) and four non-fictional texts (e.g. newspaper articles), that were
accompanied by a total of 38 items. Of the 38 test items, 26 were dichotomously scored
MC items. These items typically referred to information which was explicitly stated in
the texts. One MC item on the text with the title “the crossopterygian” was for example
“Where were most of the living crossopterygians caught?” Students had to choose be-
tween the right answer and three distractors, namely a) “in devon”, b) “at the Comors”,
c¢) “in the sea” and d) “close to Africa”. All answers were explicitly mentioned in the
text, but only at the Comors more than one living crossopterygian was found. Six items
were OE, and asked questions related to the main ideas of the text, the motivation of
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protagonists’ actions, and statements in the text. Some OE items asked students to inter-
pret critical text passages, whose meaning could not be deduced from a literal under-
standing of the text. A typical OE item asks to describe a group of people mentioned in
the text in one’s own words. Test takers were allowed between four and ten lines to give
rather detailed responses to the OE questions. Responses to OE items were scored di-
chotomously by trained coders on the basis of standardized coding instructions. Six items
required the students to underline relevant passages of texts, to write down numbers
related to text parts, to draw a picture, or to give a title to the text (students were allowed
three to four words in these cases). However, these six items were excluded from our
analysis, since their response formats were too heterogeneous. As the tests were adminis-
tered in a matrix design, each student had to respond to a subset of the items. On average,
each student answered a total of 13 MC and 3 OE items (a total of 16 items). Students
had about 25 minutes to read the texts and answer the items. The students had access to
the texts while answering the comprehension questions.

General cognitive abilities were measured through the 26 items of the second non-verbal
scale of the Cognitive Abilities Test (“Kognitiver Fahigkeitstest”, KFT; Heller & Perleth,
2000), which uses figural analogies. In the subtest KFT N2 students have to select one
out of five answer alternatives (one correct, four distractors) to complete a pair of figures
in analogy to a given example. The KFT showed an EAP/PV reliability of .87. The
EAP/PV reliability is an estimate for test reliability that is provided by the ConQuest
software (Wu, Adams, & Wilson, 2007) and that is obtained by dividing the variance of
the individual expected a posteriori ability estimates by the estimated total variance of
the latent ability.

The vocabulary test applied in DESI (Willenberg, 2007) consisted of 44 items, which
either required students to label parts of pictures, fill in gaps in texts or find synonyms. In
terms of Ouellettes’ (2006) distinction the DESI test mainly concentrated on measuring
breadth of vocabulary, while assessing vocabulary depth to a minor extent. The DESI
vocabulary test had a reliability (EAP/PV) of .73.

Orthography was tested with a dictation that consisted of 68 words (Thomé & Gomolka,
2007). A phase model of literary language acquisition allowed for distinguishing types of
errors (e.g. using basic graphemes instead of orthographic graphemes and comma place-
ment). Scoring was based on the occurrence of each error type. The orthography test
showed a reliability (EAP/PV) of .74.

For the reading fluency test students had to read as much as possible of a text of 1130
words test in three minutes. In each passage a bracket with three alternative words was
included (in sum 12 brackets) and students had to decide which of the presented words
fitted best in the given context. Reading fluency then was measured by the number of
right choices, where no choice was taken as wrong. The reading fluency test had a reli-
ability (EAP/PV) of .67.

For the KFT, the vocabulary test, the orthography test and the reading fluency test,
weighted likelihood estimates (WLEs; Warm, 1989) obtained from unidimensional scal-
ing with ConQuest were used as measures of students’ performance.
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Results

To address hypothesis 1, we compared the results of the unidimensional model (model 1)
and the two-dimensional model (model 2) by testing difference in the log likelihood via
¥? test and additionally inspecting information criteria (AIC, BIC, sample-size adjusted
BIC). To test hypothesis 2 we compared the correlations between reading proficiency,
modeled once as a unidimensional variable (model 3) and once as two-dimensional vari-
able (model 4) and general cognitive abilities, vocabulary knowledge, orthography
knowledge, and reading fluency. To approach hypothesis 3 we included gender, language
spoken at home, and school track as predictors in three latent regression models. The
criterion in these regression analyses was reading proficiency, again modeled once as a
unidimensional variable (model 5.1-3) and once as two-dimensional variable (model 6.1-
3). Herewith we aimed comparing proficiency profiles and evaluating the diagnostic
benefit of the multidimensional approach.

All models were analyzed with MPlus 5 (Muthén & Muthén, 2007), using maximum
likelihood estimation with robust standard errors. The cluster structure of the sample
(students nested within classes) was taken into account by using the pseudo-maximum-
likelihood estimator for complex samples implemented in Mplus (Asparouhov &
Muthén, 2005). Sampling weights were used to adjust for unequal sampling probabilities.

Hypothesis 1: Comparison of the uni- and two-dimensional IRT model

To address hypothesis 1 we first applied a unidimensional logistic item response model
(model 1) with one latent dimension common to all 32 items (26 MC and 6 OE items) to
the reading test data. All item-loadings on the latent dimension were fixed to one, which
makes the model a one-parameter logistic (1PL) or Rasch model (e.g. Kubinger, 2005).
After that, we applied a two-dimensional model (model 2) in which all items are loading
on the first latent dimension, and the OE items additionally load on a second dimension.
In this kind of within-item multidimensional model (Adams et al., 1997), performance in
complex tasks is split into more basic abilities, thus providing a more detailed picture of
the competence assessed (Hartig & Hohler, 2008). All loadings of the items on both
dimensions were fixed to one as in the unidimensional model. Both the correlation be-
tween the two latent dimensions and the variances of the two latent dimensions were
freely estimated.

Figure 1 illustrates the models 1 and 2.

Since Mplus doesn’t provide fit indices for individual items, the fit for single items was
estimated using the ConQuest item response modeling software (Wu et al., 2007). For
the unidimensional model, the fit (weighted mean squares) provided by ConQuest ranged
from 0.85 to 1.07, for the two-dimensional model from 0.79 to 1.19, thus indicating a
good fit of both models on item level. Results of the model comparison are shown in
table 1.
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Figure 1:

Graphical illustration of the unidimensional (model 1, left) and the two-dimensional (model
2, right) IRT model applied to the reading proficiency data

The global fit of the unidimensional model is worse than that of the two-dimensional
within-item model (xi,,.ﬂ» =17,916; dfpir=2; p < .05)3, which reinforces the assumption
that a two-dimensional structure of the data is justifiable. This is furthermore supported
by the relatively high variance (6°=0.852) of the nested OE items latent dimension
when compared to the common latent dimension in the two-dimensional model
(6= 0.534) and in the unidimensional model ( 6% = 0.636). The latent correlation of the
two latent dimensions in the two-dimensional model is positive but only moderate (r =
443).

3 The Xi)zf/ -value for the maximum likelihood estimator with robust standard errors was calculated ac-

cording to the procedure suggested by Satorra and Bentler (1999; see http://www.statmodel.com/
chidiff.shtml) and takes into account a scaling correction factor provided by Mplus. The scaling correc-
tion factors were 1.401 for the unidimensional model (model 3) and 1.371 for the two-dimensional
model (model 4); the corresponding loglikelihoods are reported in Table 1.
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Table 1:
Number of free parameters and global fit indices for the unidimensional model and the two-
dimensional within-item model (N =8523)

Free Sample-size
Model LL Al BI
ode parameters ¢ ¢ adjusted BIC
Unidimensional 33 78888 157842 158075 157970
(model 1)
Two-dimensional ;5 78614 157298 157545 157433
(model 2)

Notes: model 1.1 = unidimensional IRT model; model 1.2 = two-dimensional IRT model; LL = Log-
likelihood; AIC = Akaike’s information criterion; BIC = sample-size-adjusted Bayesian information criterion.

Hypothesis 2: Correlations of reading precursor skills with latent dimension(s)

To test our second hypothesis, we estimated the correlations between reading proficiency
modeled as a two-dimensional variable and general cognitive abilities, vocabulary
knowledge, orthography knowledge and reading fluency. To allow for comparisons, we
first applied a unidimensional model to the reading test data, now additionally estimating
the correlations between reading proficiency and each of the other tests (model 3). Sec-
ondly we applied the two-dimensional within model and estimated correlations between
the general latent dimension and the other tests on the one hand and the nested latent
dimension and the other tests on the other hand (model 4). Figure 2 illustrates the result-
ing models 3 and 4.

To test the correlation differences postulated in Hypothesis 2, these differences were
defined as additional parameters to be estimated in Mplus for each of the relevant vari-
ables (cognitive abilities, vocabulary knowledge, orthography knowledge, reading flu-
ency). For each variable X, the difference Apx between the correlation with the general
latent dimension 6% and with the nested latent dimension 6" was defined based on the
variances and covariances that are estimated by default:

cov(GG,X) cov(GN,X)

Apy = -
\/var(GG) -Jvar(X) \/var(ON) -Jvar(X)

Thereby, for each variable relevant for hypothesis 2, the correlation difference Apy was
tested for statistical significance. Table 2 shows the correlations estimated in models 3
and 4 and the correlation differences.

All correlations and all differences in correlations were found to be significant. The
pattern of correlations between the two latent dimensions of the two-dimensional model
and the other covariates was as expected in three of four cases. General cognitive abili-
ties, vocabulary knowledge and orthography knowledge correlated significantly and
substantially higher with the general latent dimension than with the nested latent dimen-
sion. However, the difference in the correlations between reading fluency and the general
and the nested latent dimension was comparatively low.
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Figure 2:
Graphical illustration of the correlations of general cognitive abilities, vocabulary
knowledge,orthography knowledge and reading fluency with reading proficiency
(unidimensional IRT model (model 3) above, two-dimensional IRT model (model 4) below)
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Table 2:

Correlations between reading proficiency (uni-dimensional and two-dimensional IRT model)
and general cognitive abilities, vocabulary knowledge, orthography knowledge, and reading
fluency (standard errors in brackets).

Model 3 Model 4
reading reading reading differences
proficiency proficiency proficiency between
general latent nested latent correlations in
dimension dimension model 4
general
cognitive 0.583 (0.017) 0.601 (0.017) 0.256 (0.031) 0.344 (0.034)
abilities
vocabulary
knowledge 0.706 (0.014) 0.710 (0.016) 0.411 (0.029) 0.299 (0.032)
orthography
knowledge 0.526 (0.016) 0.526 (0.017) 0.315 (0.027) 0.210 (0.031)

reading fluency

0.410 (0.019)

0.398 (0.020)

0.308 (0.026)

0.089 (0.031)

Notes: model 3 = unidimensional IRT model; model 4 = two-dimensional IRT model.

Hypothesis 3: Latent regression analysis and proficiency profiles

To approach our third hypothesis six models with latent regressions were estimated: the
regressions of unidimensional reading proficiency on gender (model 5.1), on language
spoken at home (model 5.2), and on school track (model 5.3) and the effects of the gen-
eral and nested latent dimensions in a two-dimensional model on gender (model 6.1), on
language spoken at home (model 6.2), and on school track (model 6.3).

School track is split up in three dummy variables with Hauptschule as reference category
and gender and language spoken at home are coded 0/1 for male/female and Ger-
man/non-German. Regression coefficients (B) were standardized on basis of the standard
deviation of the latent dimensions. Regression coefficients therefore display the latent
mean difference between males and females, respectively German speaking students and
non-German speaking students, and Hauptschule and each of the other three school
tracks. As language spoken at home is highly confounded with the school track and the
parents’ socioeconomic status it seems reasonable to add regression analysis in which
these covariates are controlled for (amending models 5.2 and 6.2). Table 3 displays the
standardized coefficients of three latent regressions: the regressions of reading profi-
ciency on gender, on language spoken at home and on school track.

In model 5.1 the effect of gender amounts to a little under two tenth of a standard devia-
tion of the variation in the reading test performance, making gender only a moderate but
still significant predictor of performance in the reading test. Conversely, the negative
effect of speaking a language other than German at home (model 5.2) is half of a stan-
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Table 3:
Regression coefficients (B), standardized on basis of SD of criterion, from the latent
regressions of reading test performance (unidimensional and two-dimensional) on gender
(N=8523), language spoken at home (N=8523), and school track (N = 8523) (standard errors
in brackets).

Predictor Unidimensional reading Two- reading reading
model proficiency | dimensional proficiency proficiency
model general nested latent
latent dimension
dimension
Gender: female Model 5.1 0.190 (0.041) | Model 6.1  0.112 (0.043) 0.542 (0.058)
Language Model 5.2 -0.514 (0.075) | Model 6.2 -0.463 (0.081) -0.636 (0.130)
spoken at
home: not
German
School track: Model 5.3 Model 6.3
Gesamtschule 0.393 (0.133) 0.422 (0.135) 0.105 (0.144)
Realschule 0.764 (0.057) 0.770 (0.058)  0.460 (0.085)
Gymnasium 1.640 (0.046) 1.659 (0.049)  0.845 (0.084)

dard deviation of the reading test, which is quite substantial. When applying the unidi-
mensional model, the greatest effect of the school track variable can be found when
comparing students from the Gymnasium with those from the Hauptschule (model 5.3).
However, a noticeable effect can already be found when comparing the reading test
performance of students from the Gesamtschule and the Realschule with those from the
Hauptschule.

The comparison with the second set of regression analysis reveals that the effects of
gender, language spoken at home, and school track vary substantially between the
unidimensional model and the two-dimensional model, and also between both dimen-
sions within the two-dimensional model. The most striking difference between the two
modeling approaches can be found when looking at the effect of gender (model 6.1).
While there is a significant, moderately positive, gender difference in favour of girls in
reading proficiency modeled as a single dimension, there is no significant effect of gen-
der on the general reading proficiency dimension in the two-dimensional model. How-
ever, gender shows a strong relationship with the nested dimension of the two-
dimensional model. The effects of language spoken at home on the general and nested
dimensions in the two-dimensional model (model 6.2) differ about twenty per cent of a
standard deviation of reading proficiency. When school track and SES are controlled for,
students who speak another language than German at home perform not significantly
worse than other students when reading proficiency is modeled unidimensional (f= -
0.094). In the two-dimensional model the control of these covariates reveals that the
effect of language at home is non-significant for the general reading proficiency dimen-
sion (B =-0.040), too, but significant and quite substantial for the nested dimension (f =
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-0.352). While the effect of the school track on the general dimension of reading profi-
ciency is almost the same as in the unidimensional model, this effect is noticeably lower
for the nested dimension of reading proficiency (model 6.3). Students from Gymnasium
perform over one and a half standard deviations better on the general reading proficiency
dimension than students from the Hauptschule, this difference is reduced by half for the
nested reading proficiency dimension. The effect of visiting a Gesamtschule in compari-
son to a Hauptschule on the nested dimension is not significant and only a quarter of the
effect on the general dimension.

Discussion
Hypothesis 1: Comparison of the uni- and two-dimensional IRT model

The results of this study suggested that reading proficiency measured simultaneously
with MC and OE items can be described more adequately with a two-dimensional IRT
model than with a unidimensional model. In the two-dimensional model, proficiency
aspects which all items have in common build a general latent dimension and proficiency
aspects specific to OE items build an additional, nested latent dimension. We were fur-
ther able to show that a substantial amount of variance in reading test performance is due
to differences in ability that are only measured by OE items. With this we are able to
replicate findings from L2 assessments (Shohamy, 1984; Kobayashi, 2002; Wolf, 1993)
with data from L1 reading assessment. This may indicate that effects of response formats
in reading may be generalized across reading assessments in different languages.

It is important to realize that possible generalizations of our findings are limited to read-
ing assessments with non-stem equivalent multiple-choice and open-ended items, since
the DESI MC items were substantially differently constructed than the OE items (see
instrumentation for an example). As Rodriguez’ (2003) meta-analysis showed for a vari-
ety of assessed skills, stem-equivalent items are more likely to measure the same con-
struct.

A shortcoming of the data and analyses presented here is that item format and reading
processes are confounded in the way the DESI reading proficiency test was constructed —
open items were generally intended to assess higher level processes compared to MC
items. Theoretically, MC items could also be constructed to assess abilities necessary to
master higher reading processes, and OE-items don’t necessarily assess abilities neces-
sary to master higher reading processes. The confounding of format and cognitive proc-
esses could be avoided if reading items were systematically constructed to keep item
format and reading process independent — e.g. by explicitly instructing item writers to
assess abilities necessary to master higher reading processes with open ended as well as
with closed response formats. However, for item writers it is often easier to construct
items assessing abilities necessary to master higher reading processes with open response
formats and to construct items aiming at abilities necessary to master basic reading proc-
esses with closed response formats. Thus, response format and assessed skills and cogni-
tive processes are very likely to be confounded in applied assessments.
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Hypothesis 2: Correlations of reading precursor skills with latent dimension(s)

As expected, we could show that general cognitive abilities, vocabulary knowledge and
orthography knowledge correlated significantly and substantially higher with the general
dimension of the two-dimensional model than with the nested dimension. Based on re-
search on the relation of these reading comprehension precursor skills and basic reading
abilities like decoding and word recognition, we suggested that this general dimension
can be interpreted as abilities necessary to master basic reading processes that are needed
for solving both MC and OE items. We further suggested that the nested dimension,
which is measured only with OE items, tests abilities necessary to master higher reading
processes.

Answers to multiple-choice and open-ended items in reading comprehension assessments
can be influenced by other, more formal aspects of item formats. Therefore, and given
the confounding of response format and reading processes mentioned above, the sug-
gested interpretations of the latent dimensions have to stand against other possible inter-
pretations, the most appealing among them are probably 1) active language skills neces-
sary to formulate an answer, 2) guessing, and 3) test taking strategies.

1. For the OE items, several other skills than reading are required to formulate an ap-
pealing answer (vocabulary, writing skills, etc.) that cannot be equated with higher
reading comprehension skills. Referring to the coding-guidelines in the DESI-study,
this interpretation however seems less sensible. Answers only of three to four words
long where scored correct if only they met the expectation content wise; orthography
didn’t matter at all as long as the answers were understandable.

2. For the MC items, the students have the possibility to guess which is not possible for
the open-ended items. If students differ in the degree to which they rely on guessing,
this may affect unidimensionality of the reading test. While this interpretation cannot
be ruled out completely with the given data, it doesn’t seem too plausible given the
distinct correlations of the two dimensions with language specific variables like vo-
cabulary and orthography knowledge. Additionally, the relatively high variance of
the nested latent dimension specific to the OE items indicates that the lack of unidi-
mensionality is due to performance variation specific to the OE items rather than to
the MC items.

3. Test-taking strategies related to testing time limits might also explain the lack of
unidimensionality: Since test-takers consider OE questions to be more challenging
and more time consuming than MC items, they might focus on answering MC items
first. If students differ in the extent to which they apply this strategy, this might in-
troduce multidimensionality, too. These strategies become more relevant if the time
limit is narrow. However, students had enough time to read the texts several times
and to answer all questions which they felt capable of. Therefore, the influence of
time-related test-taking strategies can be expected to be rather low.
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Hypothesis 3: Latent regression analysis and proficiency profiles

Finally, we were able to demonstrate how the two-dimensional IRT model could be used
to build group profiles of reading proficiency in order to learn more about the specific
weaknesses and strengths of these groups of students. As we could see from the compari-
son of the standardized regression coefficients of gender in both IRT models, the differ-
ences between girls and boys were not due to abilities necessary to master lower reading
processes but were caused by abilities necessary to master higher reading processes,
measured with OE items. As with the effect of gender, the effect of the language spoken
at home was not the same within both IRT models and on both dimensions in the two-
dimensional IRT model. As we learned from the two-dimensional model, speaking a
language other than German at home is a disadvantage for abilities necessary to master
basic reading processes, and it turned out be even a greater disadvantage for abilities
necessary to master higher reading processes. When controlling for SES and school
track, the effect of speaking another language than German at home vanished for abilities
necessary to master basic reading processes, while there was still a remarkably negative
effect on abilities necessary to master higher reading processes. We further found the
advantages of students from Gesamtschule, Realschule and Gymnasium over students
from the Hauptschule to be smaller in abilities necessary to master higher reading proc-
esses than in abilities necessary to master basic reading processes.

Limitations

The within-item multidimensional IRT model applied in the present study is compensa-
tory. It assumes that the abilities necessary to master basic reading processes measured
with MC items are also needed to answer OE items successfully. In other words, with
regard to test takers working on the OE items, a lack of abilities necessary to master
basic reading processes can be compensated by strong abilities necessary to master
higher reading processes and vice versa. From a theoretical perspective, this has to be
considered carefully: lacking abilities necessary to master basic reading processes can be
compensated by in-depth knowledge of text content (Schneider, Korkel, & Weinert,
1989; Voss & Silfies, 1996); Nonetheless, this applies only to the level of the situation
model and not on the level of the propositional text base (Moravesik & Kintsch, 1993).
With regard to OE questions focusing on the building of a situation model, it is possible
to compensate for abilities necessary to master basic reading processes, by constructing
meaning from extended prior knowledge (Bisanz, Das, Varnhagen, & Henderson, 1992).
In contrast to this, compensating the lacking ability to incorporate prior knowledge into a
coherent situation model through excellent abilities necessary to master basic reading
processes is improbable, as is compensation in general when extreme ability levels are
considered. A total lack of either ability would be expected to lead to a failure in the OE
items.

However, for positively correlated dimensions, the predicted response probabilities are
quite similar for a compensatory and a non-compensatory model (Hartig & Hohler,
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2009). Since ability dimensions were positively correlated in our study, the application of
a non-compensatory model would probably lead to results comparable to those of the
compensatory model.

It is certainly only a loose link that we established between cognitive processes and cog-
nitive representations and text challenges posed by item formats in reading proficiency
assessment. Only for three of four reading precursor skills the expected higher correla-
tion with the general dimension was found. For reading fluency the difference in correla-
tions with the general and the nested dimension was quite small. Therefore the correla-
tions with reading fluency didn’t truly help for specifying the abilities needed for the
general and the nested dimension. Moreover, it would have been preferable to addition-
ally show reverse correlation patterns with another set of variables which could be mean-
ingfully related to the nested dimension thereby strengthening its interpretation as abili-
ties necessary to master higher reading processes.

In general, as Davey (1987, 1988) pointed out, the numerical score obtained in a stan-
dardized reading proficiency assessment provides no in-depth insight into the challenges
that test takers must confront and master in order to answer standardized comprehension
questions successfully. What is required to effectively close this gap and to apply results
from experimental research to the relation of item format and cognitive processes in
reading comprehension is a systematic variation of the content of questions and, hence,
of the associated cognitive processes and cognitive text representation required on one
hand and item format on the other hand.

Consequences for teaching and testing

Based on our results the common findings of higher reading proficiency of girls is due to
reading proficiency aspects often measured with OE items in standardized reading tests.
Of course, if these abilities form part of the test construct of standardized reading profi-
ciency tests, as is suggested in the reading proficiency definitions of prominent studies
such as PISA and PIRLS, the different performances of boys and girls in OE items can
not be interpreted as a method factor but have to be interpreted substantively. Our results
suggested that it is a particular weakness of boys compared to girls to integrate text and
prior knowledge to build an adequate situation model. To teach reading in a way that
accounts for this need therefore could mean to encourage boys to state their understand-
ings of texts explicitly in the classroom and to motivate them by choosing themes of high
interest and prior knowledge. Taking into account the much smaller effect of language
spoken at home on the basic reading ability dimension, the effect on abilities needed to
master higher reading processes cannot be explained satisfactorily on grounds of lan-
guage difficulties only. The students referred to are disadvantaged when asked to inter-
pret text passages by incorporating personal experience and previous knowledge; this
could be down to a pronounced difference in their knowledge and experience base
(Biihler-Otten, Neumann, & Reuter, 2000) or it might be caused by cultural references in
the texts that are different to those the students are familiar with. A tailored instruction in
class that bridges these gaps could thus help improving the reading proficiency of non-
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native speakers. These classes should address abilities necessary to master lower reading
processes too, but should not merely train e.g. how to elicit explicitly stated propositions
from a text. Surprisingly, for abilities necessary to master higher reading processes the
effects of school track were smaller than for abilities necessary to master lower reading
processes. This could mean that school track first and foremost is related to these basic
abilities, while higher abilities do not depend so much on school track. Reading compre-
hension instruction is of course virtually completed at the age of 15, especially instruc-
tion aiming at improving abilities necessary to master lower reading processes. It might
even be that students are in parts separated due to reading abilities after completing the
primary school. In this case causality would be the other way round. Nevertheless, teach-
ers at Hauptschule, Gesamtschule and Realschule should concentrate on facilitating
lower reading processes in order to catch up to the Gymnasium.

Our study underlined the need to the improve the diagnostic value of reading comprehen-
sion tests, in which MC items and OE items are not stem-equivalent, by using a two-
dimensional IRT model with within-item-multidimensionality and reporting two scores.
When considering the consequences for scoring, we have to take one restriction into
account: the DESI study, like most studies, contains too few OE items to be used as basis
for a reliable measuring of the nested dimension. In contrast to Wainer and Thissen
(1993), we nevertheless wouldn’t conclude that therefore a unidimensional scaling is
more appropriate, but that whenever a multidimensional scaling of reading proficiency
tests is intended, more OE items have to be included.
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