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Abstract

Existing reading comprehension assessments have been criticized by researchers, educators, and
policy makers, especially regarding their coverage, utility, and authenticity. The purpose of the current
study was to evaluate a new assessment of reading comprehension that was designed to broaden the
construct of reading. In light of these issues, we developed a scenario-based assessment (SBA) of
reading comprehension that was inspired by the cognitive literature in reading, learning, and instruction.
The SBA was designed to measure students’ ability to integrate and evaluate a set of thematically related
sources for the purpose of achieving an overarching goal. The SBA also measured students’ ability to
form an integrated and global mental model of the text, student background knowledge, and social
interactions in a digital environment (e.g., perspective taking; classifying and evaluating simulated peer
claims). A sample of 426 sixth grade students completed the SBA form and a subsample of 161 students
completed a reading component skills battery. Results indicated adequate psychometric properties of
the SBA, evidence generally in support of the alignment of the SBA to the assessment design, and
strong correlations between the SBA and traditional reading comprehension assessments. While
students were able to engage with a variety of complex tasks, tasks that measured students’ ability to
form a coherent mental model (e.g., write a summary) and digital literacy tasks that required students to

integrate perspectives from multiple texts were particularly difficult.



COMPREHENSION ASSESSMENT - 3

Contemporary reading assessments designed for school and classroom use have not been keeping
pace with the changing nature of reading theory (van den Broek, 2012). Most published, standardized
reading comprehension tests in the United States continue to be comprised primarily of isolated passages
and independent questions about those passages (Rupp Ferne & Choi, 2006; van den Broek, 2012).
While multiple research studies have probed different techniques for gathering evidence on the
formation and quality of examinee mental representations or models of text (e.g., Trabasso, 2005;
Zwaan, 2008; Zwaan, Magliano, & Graesser, 1995; Zwaan & Radvansky, 1998), most traditional tests
continue to rely almost exclusively on items explicitly designed to measure specific skills. Similarly,
many assessments continue to be published and administered using paper-based forms, which limits how
well they integrate digital text genres and responses typical of many of those genres. Finally, the
broadest goal or purpose students are given for reading in a standardized test is to answer as many
questions correctly as possible (Rupp et al., 2006) - a goal that does not map onto authentic, real-world
reading activities.

In fact, conventional passage-question reading assessments have been widely criticized by
researchers, educators, and policy makers. Some have been critical of the alignment of tests with
contemporary theoretical constructs and empirical findings pertaining to reading processes (Hannon &
Daneman, 2001; Magliano, Millis, Ozuru, & McNamara, 2007). Others have noted the lack of tasks
requiring cross-text integration (Lawless, Goldman, Gomez, Manning, & Braasch, 2012; Rouet & Britt,
2011; Strgmsg, Braten, & Britt, 2010). Yet other researchers have argued that traditional assessments
employ tasks and texts that do not represent the range of purposeful literacy activities of 21st Century
students (Partnership for 21% Century Skills, 2004, 2008; Pellegrino, Chudowsky, & Glaser, 2001;

Rupp, Ferne, & Choi, 2006).
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In this paper, we make a case for broadening the reading comprehension construct, and how it is
assessed, in ways that we believe are better aligned with contemporary theories of reading literacy. We
then present a prototype scenario-based assessment of reading comprehension that represents an attempt

to instantiate some of the features of this broader construct.

Background and Literature

Advances in Theory and Research of Reading and their Influence on Reading Assessment.
Traditionally, reading comprehension assessments are comprised of items sampled from a list of
behavioral skills such as distinguishing main idea from detail, fact from opinion, drawing conclusions,
and so forth. These skill targets are typically derived from a list of curriculum skill standards (e.qg.,
NGA & CCSSO, 2010). The skills may also be derived from empirical reviews of skilled readers (e.qg.,
National Reading Panel, 2000) or more broadly aligned with key reasoning skills such as analysis,
synthesis, or evaluation (Bloom, Engelhart, Furst, Hill, & Krathwohl, 1956) that are often the focus of
classroom instruction. In contrast, technical descriptions of published tests rarely include any reference
to theories of reading, cognition, or students’ ability to form mental models of text (van den Broek,
2012). Instead, assessment technical manuals list the skills and text types targeted by the assessment.
Content validity evidence generally consists of reviews by content experts or teachers, confirming that
the specific items align with the skill targeted. At best, one might find reference to empirical studies that
show evidence that the targeted skills are associated with proficient reading. But on balance, there is
typically no overarching theoretical framework that guides the test design.

We believe the research in cognitive science can contribute to improving the quality of reading
comprehension assessments, as we review next. Although the research literature on reader cognition is

extensive, we focus on two broad issues that we argue are appropriate foundations for broadening the
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construct of reading comprehension assessment: the formation of mental models of text sources and the
processing of electronic or digital text sources. Within each broad issue, we briefly discuss other
pertinent strands of research as they relate to the reading constructs and assessment designs (e.g.,
background knowledge, task-oriented reading).

Forming mental models of text sources. Most cognitive models and theories of comprehension
converge on assuming that the reader constructs mental representations or models while reading
(Gentner & Stevens, 1983; Johnson-Laird, 1983; McNamara & Magliano, 2009; van Dijk & Kintsch,
1983). Thirty years ago, Norman (1983) usefully distinguished between the conceptual versus user’s
mental model. A conceptual model is an accurate, consistent, and complete representation of the target
domain (such as the content of text sources), constructed typically by teachers, assessment designers,
researchers, or other experts. The reader’s mental model is the representation that evolves from
interactions with the source content. Norman observes that user mental models are often incomplete,
severely limited, unstable, inconsistent, and parsimonious. Theories of comprehension have evolved to
explain and study both the processes of mental model formation and the resulting mental models
themselves. Prominent cognitive theories that investigate reader mental model formation include
constructionist theory (Graesser, Singer, & Trabasso,1994), the construction-integration model (Kintsch
1998), the structure building framework (Gernsbacher 1997), the event indexing model (Zwaan,
Langston, & Graesser 1995; Zwaan & Radvansky 1998), the resonance model (Myers & O’Brien,
1998), the landscape model (van den Broek, Young, Tzeng, & Linderholm 1999), and the minimalist
hypothesis (McKoon & Ratcliff, 1992).

In the assessment we present in this paper, we are interested in the reader’s understanding of
informational texts in relation to a general purpose for reading and with respect to their background

knowledge on the topic. For this reason, Kintsch’s (1998, 2012) construction-integration (CI) theory is
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perhaps most relevant. CI theory differentiates between two key representation levels relevant to
assessment design: the textbase and the situation model. The textbase includes the propositional
structure of the text that preserves its core meaning and structure. The situation model integrates the text
meaning that is relevant to the reader’s goals with the reader’s background knowledge.

We view the concept of reader-formed mental models as having multiple implications for
assessment design and score interpretation. First, we do not view individual items merely as evidence of
the reader’s possession of discrete behavioral skills, but rather as providing evidence of the accuracy,
coherence, and completeness of the mental models that the reader forms. Second, as assessment
designers, we would want to provide the examinee with a situation or scenario that motivates a broader
goal for reading than simply answering discrete questions (Rupp et al., 2006), as well as providing the
examinee an opportunity to build adequate, relevant mental models. Third, in doing so, we need to
formulate and consider the conceptual model that we are expecting the reader to approximate with their
mental model. For example, are the task instructions sufficiently clear and specific to direct, yet
constrain their responses to relevant aspects of the texts? Can we assume that the examinee has adequate
prior knowledge to generate appropriate inferences in forming a rich situation model? In sum, designing
reading comprehension assessments that capture evidence of reader mental models of texts, versus
evidence of application of discrete skills, signals a foundational shift in the assumptions underlying the
design process. In the following sections, we describe several additional theory-based issues that we
view as helpful in broadening the reading comprehension construct.

Task-oriented reading. As noted, a situation model is a representation that takes into account
reader goals. Recent research into text relevant and task-oriented reading is exploring how reader
mental models are impacted by reader goals (McCrudden, Magliano, & Schraw, 2011; Narvaez, van den

Broek, & Ruiz, 1999; Rouet, 2006; van den Broek, Lorch, Linderholm, & Gustafson, 2001). Reader
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goals can be as simple as locating a specific text detail, while other goals require deeper processing (e.g.,
synthesize multiple perspectives on a topic). Evidence is accumulating that task-orientation impacts
comprehension processes and outcomes (McCrudden et al., 2011). Later, we describe how one can use
scenario-based assessments to afford opportunities for task relevant reading, thus broadening the
construct assessed.

Background knowledge. As noted, a well-formed situation model requires incorporating text
meaning with relevant background knowledge (Kintsch, 1998, 2012). Background knowledge provides a
structure for integrating text information (Mandler, 1984) and helping students make the necessary
inferences to bridge gaps in less cohesive texts (Author, 2007). While various experimenter measures
have been developed (e.g., Hannon & Daneman, 2001), to our knowledge, no standardized assessments
of reading comprehension take into account the role of background knowledge and how it can affect the
formation of mental models, and consequently the interpretation of reading comprehension scores
(Shapiro, 2004). Traditional assessment designs attempt to minimize the influence of background
knowledge by sampling topics widely. However, they do not directly measure background knowledge
or its influence on performance, making it impossible to know whether this strategy is successful.
Furthermore, this strategy makes it difficult to design a comprehension measure where the goal is to
create a mental model on a set of related texts and tasks. By integrating a measure of background
knowledge into the assessment, one can investigate directly how student proficiency might interact with
their prior knowledge.

Reading literacy in digital literacy genres. Recent advances in technology have expanded the
way people read, communicate, and interact (Coiro, 2009; Leu et al., 2007; Rouet, 2006). The
introduction of the internet, the use of multimedia, hyperlinks, and nonlinear text has increased access to

a wealth of information. However, to appropriately gather and understand this information, individuals
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need to be strategic in formulating appropriate search terms, deciding on what search results and
hyperlinks are relevant, evaluating the quality of the sources, and must also integrate and synthesize
sources into a coherent whole (Afflerbach, & Cho, 2010; Coiro, 2009; Coiro, & Dobler, 2007; Leu et al.,
2007; Leu, Kinzer, Coiro, Castek, & Henry, 2013; Graesser et al., 2007; Metzger, 2007). There is some
evidence to suggest that there are at least some unique skills involved in online reading. For instance,
Coiro (2011) found that scores on an online reading task predicted performance on another web-based
task over and above the effects of the student’s reading ability as measured by a standardized print-based
comprehension assessment.

While the unique contribution of online versus offline reading is beyond the scope of the current
paper, the importance of incorporating online reading sources into the broader construct of reading
literacy seems beyond question. In fact, three of the most influential international assessments of
reading comprehension are currently integrating elements of technology, digital literacy, and online
reading into their assessment designs. In the early grades, the Progress in Reading Literacy Study
(PIRLS) (Mullis, Martin, Kennedy, Trong, & Sainsbury, 2009) is currently building a new assessment
called ePIRLS which is intended to measure online reading (International Association for the Evaluation
of Educational Achievement, 2013). Although the assessment is under development at the time of
writing, ePIRLS incorporates a virtual online reading environment to assess students’ ability to navigate,
evaluate, integrate, and synthesize online sources in a non-linear environment.

Similar international efforts have addressed the issue of online reading and digital literacy with
older students. Both the Programme for International Student Assessment (PISA) for 15 year olds
(Organisation for Economic Co-operation and Development, 2009a) and the Programme for the
International Assessment of Adult Competencies (PIAAC) for adults (Organisation for Economic Co-

operation and Development, 2009b) include aspects of technology and digital environments in their
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frameworks. In PISA 2009 (OECD, 2009a), the authors cite the addition of electronic texts as one of the
most important modifications in the framework and assessment design. The PISA and PIAAC
frameworks provide detailed descriptions of the similarities and differences in reading in print versus
electronic media. Each provides a classification scheme for a wide range of electronic texts that include
hypermedia, interactive message boards, and visual accompaniments to text. Clearly at the international
level, assessment designers are envisioning the next generation of reading assessments with technology
and digital literacy as a part of the design.

Despite these advances in large-scale assessments, the majority of off-the-shelf, reading
assessments in the U.S. are either paper-based, or they do not include aspects of online reading and
digital literacy in the construct. Two aspects of digital literacy environments are targeted in the SBA
discussed in the article: multiple source integration and evaluation and evaluating interactive
communications.

Multiple source integration and evaluation. Skilled reading includes proficiency in evaluating
and synthesizing information across multiple text sources and this requirement is driven by the
increasing prevalence of digital literacy activities (Britt & Sommer, 2004; Coiro, 2009, 2011; Goldman,
2004; Leu et al., 2013; Rouet & Britt, 2011). Some have explored the integration of information across
texts that may provide conflicting or complementary information (e.g., Braten, Gil, Stremsg, 2006;
Stremsg et al., 2010; Wiley et al., 2009). Of interest here are those who have focused on synthesizing
and evaluating the quality of sources (Graesser et al., 2007; Metzger, 2007). For example, Lawless et al.
(2012) propose and investigate a model of sourcing that includes evaluation of relevance, author, venue
(e.q., publisher), currency, and type (e.g., primary versus secondary source). Drawing from aspects of

this work, we include elements of source evaluation in the SBA assessment described later.
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Evaluating interactive communications. Web environments not only provide access to multiple
sources of information, but also increased communication. The advent of social media has created
unprecedented sharing of points of view and perspectives that comprise another variant of multiple text
integration. Dynamic communication environments include email or text message dialogues, surveys,
blogs, user reviews, chat forums, etc. One challenge of reading in digital environments stems from
interpreting the multitude of relatively unfiltered voices that comprise the source content. Interpreting
such texts requires mental representation of other minds and social interactions among agents (Dijkstra,
Zwaan, Graesser, & Magliano, 1995; Graesser et al., 1994). It also demands questioning the relevance
of statements in relation to topic context, as well as evaluating the reliability and truth value of those
statements, issues explored elsewhere in the reading research, (Beck, McKeown, Hamilton, & Kucan,
1997; Cain & Oakhill, 2012; Graesser, Ozuru, & Sullins, 2009; Palincsar & Brown, 1984), but now
taking on a new dimension in digital contexts.

A theory-driven, scenario-based assessment design. Broadening the construct of reading
comprehension to include the issues described above is not easily accommodated in the traditional
passage and questions assessment design. Instead, we have built upon existing research on scenario-
based assessments (see Author, 2009; Bennett, 2011; Bennett & Gitomer, 2009). SBAs are designed to
measure various levels of reading comprehension in a range of reading situations. These situations
include a goal for reading and associated tasks, appropriate for students in the targeted grade band. Test
takers are provided with a specific purpose for reading (e.g., studying for a history test; preparing for a
class presentation) and a set of materials focused on a common topic (e.g., websites, newspapers articles,
authoritative texts). Test takers progress through the materials in a structured way that enables them to:
provide evidence of complex mental models of text content; learn and organize what they read; and

apply and synthesize what they have learned to solve a problem that satisfies their original purpose for
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reading. In what follows, we discuss the specific design features that were incorporated into an SBA on
the topic of organic farming that align with our views on how to broaden the construct of reading
comprehension.

To address mental model formation, we chose three task designs typically not used in traditional
comprehension assessments. We asked students to write summaries according to guidelines/rubrics that
required students to report only main ideas (excluding details), use their own words, and exclude their
own opinions and outside information. Summarization and summary writing are strategies shown to
enhance comprehension (Bean & Steenwyk, 1984; Hill, 1991; Taylor, 1982) and metacognition (Thiede
& Anderson, 2003). Developing a summary parallels the formation of a coherent mental model, because
it requires organizing the information of a text according to the key content and text structure.

We also developed graphic organizer (GO) tasks. GOs help readers visualize and understand the
organizational structure of a text, aiding in building coherent models of text content (Armbruster,
Anderson, & Meyer, 1991; Bean, Singer, & Frazee, 1986; Griffin, Malone, & Kammenui, 1995). Each
GO is aligned with the text structure. In the SBA prototype, the more complicated a text, the more
complex the GO structure (e.g. a 3 x 4 cell structure vs. a 2 x 2 structure). Each of the GOs is partially
completed to help students better understand what they have to do and the nature of the response that is
expected.

Finally, we have a set of items that target questioning (Beck et al., 1997; Graesser & Lehman,
2006). In each item, the student is given a list of questions and must select which one can be answered
by the text content. The questions range from shallow to deep based on Graesser and Person’s (1994)
typology, and students are required to select the correct question, making this item type less demanding
than producing their own questions. The question items were designed to tap aspects of the mental

model by sampling from key ideas in the texts.
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To address task-oriented reading, we created a scenario and used simulated peer interactions
throughout the assessment to focus reader’s attention on task goals. The examinee reads an opening
screen that says:

“Your class has decided to create a website about organic farming to help members of the

community become more familiar with the subject. The website will provide information to

answer the following questions: What are the natural methods used in organic farming? How are
these methods different from the methods used on non-organic, or conventional, farms? What
are the pros and cons of organic farming? You will work with three classmates on the project.”

We chose the context of working with a website, given the focus of digital literacy in both
research and real use settings (Leu et al., 2013). Throughout the session, screens present conversations
in which the simulated teacher and peers interact. The teacher serves as a familiar authoritative agent,
introducing subsections of the test and explaining tasks and guidelines, while the peers offer a touch of
informality and sympathetic commiseration. More importantly, these peer interactions reinforce
instructions, model responses, and focus attention on specific task demands. In some tasks, the test-taker
responds to questions and problems posed by the simulated peers.

To address relevant background knowledge, the students begin the test session by making a
glossary for the website with words related to farming. We used a technique developed by Deane (2012)
and colleagues, in which students are asked to decide whether a term is related or unrelated to the topic
of farming. Examinees can choose “I don’t know” and the instructions make clear that the section will
not count towards their total reading score. In prior studies, the results showed that this task is a quick,
but valid indicator of student’s prior knowledge of the topic (Author, in press). This section also

includes a set of synonym-style vocabulary items relevant to the topic and readings. Taken together,
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performance on these items can differentiate students who have more prior knowledge about farming
versus students that know less about the topic.
Although the scenario is set in the context of digital literacy, the aforementioned tasks do not
focus on digital literacy. Two sections of the SBA explicitly do. Presented with the results of a
simulated web search, students must evaluate the relevancy, currency, author expertise, and credibility of
the sources (Lawless et al., 2012). Later in the assessment, examinees are given the role of moderators
of a simulated community discussion forum on the topic of organic farming. Their first task is to
classify a series of forum comments as accurate, inaccurate (based on information they learned in the
assessment), opinions, or off-topic. Further questions ask students to relate their prior readings to the
comments, requiring them to apply the information they learned across multiple sources, within a
simulated, digital environment.
Rationale for Current Study and Research Questions
The benefits of properly designed and implemented SBAs and associated innovative task designs
include increased construct relevant sources of variance, decreased construct irrelevant variance,
alignment to cognitive models and theories of learning, and, importantly, broader construct coverage.
The SBA approach, while potentially fruitful, also presents various accompanying challenges. In this
study, we investigate the following research questions:
1. Are complex scenario-based assessments feasible in real classroom setting? Can students
successfully complete a scenario-based assessment with no prior experience or training?
2. Does the test demonstrate traditional psychometric standards of reliability and item adequacy?
3. Is there concurrent validity evidence in comparison to traditional reading comprehension
measures?

4. Is time spent on the sections of the test consistent with the design?
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5. Is the pattern of task performance consistent with the design?
Method
Sample

A six school sample of 426 sixth grade students completed the SBA form in the Spring of 2012
with a subsample of 283 retaking the form as seventh graders in Fall of 2012. Another 11 students (9 in
Spring, 2 in Fall) started, but did not complete the form. A subsample of 161 students also completed a
traditional reading comprehension test and components subtests. Students were participating in a larger
research study in a northeastern urban school district in the United States, and through that study
informed consent was obtained for all participating students. Based on all available demographics', the
sample was 47% female; 55% white, 11% African-American, 28% Hispanic/Latino/a, and 6% other.
About 55% received free or reduced lunch (an indicator of low income) and about 17% were identified
by the school as having limited English proficiency.

Instruments

SBA Organic farming form?.

Sources. Texts and source stimuli included in this assessment cover descriptive information on
techniques used in organic farming such as crop rotations, organic fertilizers, etc.; web search results;
pro versus con passages; a web forum discussion of opinions on the topic; and cartoons, charts, and
graphic organizers. Passage readability ranged from fourth to nearly ninth grade levels based on the
Flesch-Kincaid (F-K) readability formula. We recognize that some of the texts used in this study are
challenging, but this is in accord with the U.S. Common Core State Standards (NGA & CCSSO, 2010)

which state that students should read both texts that are in and out of grade level.

! This assessment was derived from a form initially developed by the ETS CBAL™ project, using similar scenario-based
principles.
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Tasks. Students completed sections of the test that include multiple-choice (MC), constructed-
response (CR), and graphic organizer (GO) items. We classify these based on categories of formation of
Background Knowledge, Mental Models, Digital Literacy, and Other reading comprehension items.
Background knowledge

e Create a website glossary - Designed to measure background knowledge in two sections.

The first section focuses on topical vocabulary (24 MC items) where students decide whether
words are related or unrelated to the topic of farming. In the second section, other words
related to the topic of farming are presented in a sentence context and students select its
synonym (5 MC items). For all items, students can select "'l don't know" and the instructions
explain that this section would NOT count towards their total reading score.

Mental models

e Learning about Organic Farming - A passage about organic farming is presented and tasks
are designed to measure modeling of text content (2 CR summary items worth up to 3 point
each), organization (4 GO items), sequencing (3 items), and questioning (3 items).

e The Pros and Cons of Organic Farming - A passage on the pros and cons of organic farming
is presented and a GO (4 items) is designed to assess the student’s ability to identify its
advantages and disadvantages.

Digital literacy

e Find more information about organic farming — Students are presented with brief descriptions
of search results and questions are designed to assess the student’s web source evaluation
skills, i.e., is the information relevant and reliable (3 MC items).

e The Community Forum - Comments about organic farming from simulated community

members are presented and items are designed to measure student’s ability to classify
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comments as correct, incorrect, opinion or off-topic (6 MC items) and to integrate comments
with prior learned information (4 items).
Other item types
e Did students learn the vocabulary after reading the texts - Students see the same sentence
context vocabulary items seen previously in the background knowledge section, but now
after reading passages containing the target words (5 MC items).
e Interpret cartoon in relation to organic farming information (1 MC item).

e Interpret bar chart information (1 MC item).

Interpret pro-con statement (1 item).

Reading comprehension and component skills. A battery of 45-60-minute, web-based tests
that target reading comprehension and component skills was administered. Coefficient alpha (o)
reliability in sixth grade students from a previous study Author (2013b) is provided for each subtest. All
tests are unspeeded (except Efficiency of Basic Comprehension), however, time limits are set based on
prior research showing that 95% of students finish within that time duration. The subtest scales run
from 300-400 with an average standard deviation of about 25 per subtest. The subtest scales are
benchmarked to a state reading test, such that a scale score of 370 is the benchmark for proficient and
330 is the benchmark for below basic proficiency. Intercorrelations of subtests average in the range of
r=.61to .71. The subtests are:

Word recognition/decoding. Students identify whether a stimulus is a word, decodable non-word,
or pseudohomophone (50 items, 6 min., a =0.91).

Vocabulary. Students select either a synonym or a word associated with a target word (38 items,

6 min., o =0.86).
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Morphology. Students choose which of three morphologically related words fit in a given
sentence (32 items, 7 min., o =0.90).

Sentence processing. Students select the appropriate word that fits into sentences of increasing
length and syntactic complexity (26 items, 7 min., a =0.81).

Efficiency of reading for basic comprehension. Students have three minutes to read each of three
passages. In each passage, the student must select the appropriate word that fits a sentence context, in a
forced-choice task with three word options (36 items, 9 min., « =0.90). The time limit per passage
makes this a speeded test, hence, it is labeled as a test of comprehension efficiency. The correct choices
are intended to be obvious to even less skilled readers, hence, we label the test ‘basic comprehension’, to
distinguish it from reading comprehension tests that include more complex, higher order questions.

Reading comprehension. Traditional reading comprehension MC questions asked of the same
three passages used in the previous subtest (22 items, 20 min., o =0.76).

Other variables in study. In addition to the aforementioned scores, several additional variables
are available for analysis in this study. Total time on the following sections of the test was collected and
analyzed to better understand how students move through the test and prioritize time. Values greater
than 2.5 sd from the section mean were omitted in conducting analyses.

Background knowledge time (BK time). Time spent on the background knowledge section of the
test (items=29).

Constructed-response time (CR time). Time spent reading the explanatory passage about organic
farming and writing summaries of two subsections of the passage (items=2).

Multiple-choice time (MC time). Time spent completing MC items including GO and other

novel item types described above (items=35).
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Non-item time (NI time). Time spent reading screens with no response required. These include
descriptions of the scenario (one screen), directions (three screens), teacher and peer dialogues (11
screens with text in thought bubbles), and one of the passages (the Pros and Cons of Organic Farming
presented first without accompanying questions).

Summary writing scores. Examinees wrote two brief summaries of sections of the organic
farming passage. Guidelines directed students to include main ideas, not details, no personal opinions,
and to put into their own words. Students could score up to 3 points for a well-formed summary; 2
points was considered an adequate score (i.e., contained at least three of five main ideas elements and

met other criteria); while scores of 1 or 0 were given to summaries with significant flaws.

Results

The results are organized to address the research questions posed: 1) the feasibility of
administration, 2) psychometric qualities, 3) concurrent validity, 4) timing of the sections, and 5)
patterns of student responses for this SBA approach to measuring reading comprehension.

1. Are complex scenario-based assessments feasible in real classroom setting? Can students
successfully complete a scenario-based assessment with no prior experience or training? Is there
evidence for the feasibility of the SBA design?

Score distribution. The SBA raw score mean (sd) was 18.7 (8.3) out of a possible score of 41,
with a range of 5-38. The SBA BK raw score mean was 18.1 (5.0) out of 29 with a range of 3-28. The
distribution of scores was normal, with skewness and kurtosis values less than 1.0. Visual inspection of
histograms showed no evidence of floor or ceiling effects.

Test length in time. The average time to complete the test was 41 minutes. Eighty-seven

percent of students completed the SBA test within 50 minutes; about 95% within 60 minutes; and the
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remainder took up to 81 minutes. We examined all six schools in the sample, and it appears that most
students were given as much time as they needed to complete the test. Of 11 students who did not
complete the test, the average items completed was 16 (range 6-26) and the average time spent
answering items was 35 minutes (range 16-48). Comparing examinees that took the Fall retest (n=283),
the repeaters' session time averaged 12.3 minutes less (42.7 vs. 30.4 for Spring to Fall respectively).

2. Does the test demonstrate traditional psychometric standards of reliability and item
adequacy?

Reliability. Internal consistency (alpha) reliability for the 37-item SBA form was a(426) = 0.89.
The split half reliability was r(426)=.76, with each half of the test showing adequate alpha reliability (a
=0.80 and o = 0.82 respectively). A subsample of 283 students were administered the same form again
at the beginning of the next school year in Fall of 2013 as seventh grade students. Thus, they had a
summer break between the retest and consequently little to no new instruction. Test-retest reliability
was r(283)=.87 and there was no significant difference in mean scores (Spring M=51.0%, Fall
M=50.4%, p=.75). Internal consistency reliability for the 29-items BK section was o = 0.77, split half
r(426)=.60.

Item properties. The quality of the items on a test is evaluated by examining item difficulty and
discrimination. Item difficulty on a typical test should show a range of difficulty, with most items
falling between .20 (difficult) to .80 (easy) on a scale of proportion correct between 0 and 1. The 37
items on the test showed an average difficulty of M=.47 (SD=.16), with a range between M=. 21-.76.
Item-total correlations are used to evaluate how much information each item is contributing to the scale.
Generally, most items should show values above .20 or preferably .30 to be considered as contributing

information to the test. Negative values are undesirable as they indicate that the item is negatively
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correlated with better performance on the test. All items except two showed correlations above .20, with
four items falling between .20 and .30 on the scale.

Average item difficulty for the BK section was M=.59 (SD=.24) with a range between M=.22-
.97. Two items showed negative item-total correlations and were omitted from scores and subsequent
analyses. With these omitted, reliability increased to .78. Five other items had values below .20 and six
others below .30. Note that 25 of the items (including the two with negative values) were 2-option
choices with the option of choosing “I don’t know”. The large guessing parameter likely weakens the
information contributed by these individual items.

3. Is there concurrent validity evidence in comparison to traditional reading comprehension
measures?

Table 1 shows the means, standard deviations, and correlations between reading comprehension
and component subtests and the SBA form. The range of mean reading battery scale scores (356 to 371)
positions this sample in the average to slightly above average range of ability overall, but with wide
sample variability. The reading comprehension subtest is most comparable to conventional standardized,
classroom reading tests. As seen in Table 1, the SBA form shows a strong correlation of r=.77 with
reading comprehension. Furthermore, the other subtests show correlations of comparable strength to the

SBA and reading comprehension.

Insert Table 1 about here

Table 2 shows the means (SD) of the SBA and reading subtests by quartile ability groups on the

SBA. Using the reading comprehension scale benchmark values, examinees in the highest ability group
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(Quartile4) would score proficient on the state tests, examinees in the lowest group (Quartilel) would be
below basic. The middle quartiles show scores in the basic ability range. Using this metric, the SBA
form shows a strong concurrent validity with more conventional reading comprehension tests, as well as

component reading subtests.

Insert Table 2 about here

4. Is time spent on the sections of the test consistent with the design?

As the correlation matrix in Table 3 shows, spending more time on a section was positively
correlated with higher scores, with the exception of the BK section which was weakly, negatively
correlated with overall SBA performance. A multiple regression model predicting total score was run
using the time variables as predictors, entered in the order: multiple-choice, constructed response,
background knowledge, and non-item time (see Table 4). Each time variable added significant variance
over and above the prior model (R?= .341, .360, .488, .516 respectively for the four sections). The beta
weight for BK was negative, suggesting that more time spent on BK negatively related to total score,
even though total score on the BK was positively related to performance (r=.51). Spending more time
on the BK section was also a small, but significant predictor of BK score (F(1, 638)=31.3, p<001; R?
=.047), and a significant predictor of SBA total score after controlling for the BK score (F(1, 638)=31.3,
p<001; R?=.316, change in R?>=.012).

Table 5 shows the relative time spent on the parts of the SBA by the different ability groups. As
a group, students spent the most time on the screens that required answering the questions that counted

towards their total scores (MC and CR items). They spent an average of 2.9 minutes responding to the
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background knowledge questions. They also spent 5.7 minutes reading non-item screens which are
comprised of the scenario description, peer/teacher dialogues, as well the Pro-Con passages themselves,
which students are asked to read before any questions are given. With respect to ability groups, higher

ability groups consistently spent more time on each part of the test with the exception of the BK section.

Insert Table 3, 4 & 5 about here

5. Is the pattern of task performance consistent with the design?

Following the review in the introduction, we classify items as related to reader mental models (4
tasks, 16 items), digital literacy (3 tasks, 13 items), and other (8 items) reading items. Table 6 shows
means (SD), reliability, and correlations for these three item categories. The tasks associated with
forming a mental model of the text were on average more difficult than the tasks associated with
evaluating web sources, which in turn were more difficult than other comprehension questions. Both the
mental models and digital literacy sets had adequate subskill reliability (0=.78 & .76 respectively).

Table 7 shows mean percent correct for subsets of items within each of these categories.

Column two lists the source stimulus for item clusters. None signifies that all information was included
in the item question and stem. Next, we examine in more detail the pattern of task results for each

category in relation to the design.

Insert Table 6 & 7 about here
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Mental model formation. Four task sets consisting of 16 items (a = 0.78) were designed to
gather evidence of mental model formation. Three tasks used the organic farming explanation passage
as stimuli. While the organic farming passage was not very long (341 words), the Flesch-Kincaid
readability index was 6.9. Writing summaries was the most difficult task (22%), followed by the
graphic organizer (26%), sequencing (36%), and questioning (55%) task sets. Perhaps surprisingly, the
performance on the Pro vs. Con passage GO was higher (45%). The readability index for this 416 word
Pro-Con passage was rated as more difficult than the organic farming passage, with a Flesch-Kincaid
8.6 grade level.

Background knowledge. The correlation of background knowledge to GISA score was r(426)
=.51. Thus, about 25% of the variance in GISA scores was positively associated with examinees'
familiarity with farming-related vocabulary.

Digital literacy tasks. Three task sets consisting of 13 items (a=0.76) were designed to simulate
a web environment.

Evaluating credibility of multiple sources. Examinees performed moderately on evaluating the
credibility of simulated search results (50%). We examined the pattern of responses across the four item
subtypes in the evaluation task (not shown in Table 7) and observed that students found it more difficult
to select the most relevant source to match their query (37%) than to identify whether a specific source
was biased, written by an expert, or timely (average of 54%).

Evaluating perspectives. Examinees found classifying forum comments as on vs. off topic,
opinions, or factually inaccurate to be a relatively easier task set (62%), than formulating responses to
those comments by integrating information they had learned earlier in the assessment (37%).

Other items. Performance on three other MC items was moderate (48%). Students related

information they read to a cartoon, evaluated information in a bar chart, and answered an inference
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question about the Pro vs. Con Passage. Performance on five traditional synonym items given as part of
the SBA test was moderate (61%). These items had appeared prior to students reading passages in
which the terms were used, and performance increased slightly in comparing pre (51%) vs. (61%) post
performance (paired sample t-test (425)= 7.9, p<.001).

Task-oriented reading. The evidence in support of the scenario and teacher/peer elements of
the test is that spending more time on these ‘non-item’ sections was a significant predictor of GISA
scores even after controlling for time spent answering questions (see Table 4). Examinees spent an
average of 16.7% of their total time on the non-item screens, with the highest quartile spending slightly

more time than the average (18.3%).

Discussion

The purpose of this study was to design and evaluate a new reading comprehension assessment
that was inspired by the theoretical and empirical research in reading and cognitive science and also
broadened the construct of reading. The assessment design was premised on a body of research that
suggests reading in 21% Century environments is a purpose driven activity (van den Broek et al, 2001)
that involves integrating and synthesizing multiple texts (Stremsg et al, 2010), evaluating the relevance
of sources (Rouet, & Britt, 2011), requires the use of relevant background knowledge (Shapiro, 2004) to
form coherent mental model(s) (Kintsch, 1998), and requires the flexibility to read and perform tasks in
digital environments (Leu et al., 2013). Collectively, these findings imply a different type of reading
comprehension assessment is needed; one that goes beyond measuring a set of decontextualized, discrete
skills, towards an assessment that broadens and contextualizes the construct of reading and takes

advantage of advances in technology.
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While these aspects of reading have solid foundations in the research literature, building a
reliable and valid assessment that incorporates all these constructs into a single assessment is
challenging. For instance, new constructs and tasks may be unfamiliar to students and without prior
professional support for their teachers, students may not understand what is required of them as they
attempt new item types. Compounding the problems associated with unfamiliarity, students might not
be able to complete such a complex assessment in a single classroom period. In other words, the novelty
and complexity may render a broader and more theoretically based assessment of reading infeasible.

Our approach to this problem was to adopt a scenario based assessment design (Author, 2009;
2013a, b; 2014; Bennett 2011; Bennett & Gitomer, 2009) that contextualized and structured the
assessment in a simulated, familiar, social environment. The assessment incorporated a simulated
teacher and students to help provide directions, highlight task goals, and to elicit construct relevant
processing. In the current assessment, we somewhat limited the constructs coverage to focus on three
key targets: background knowledge, mental model formation, and digital literacy skills. By constraining
the construct and using a scenario-based assessment design, we hoped to produce an assessment that was
theoretical and modern, while maintaining its feasibility for use in a typical classroom.

In light of these aims, the data seem to suggest the assessment was feasible (question 1),
technically adequate and reliable (question 2), and displayed concurrent validity with another measure of
reading comprehension (question 3). In terms of feasibility (question 1), most students were able to
finish the assessment during a 50-60 minute classroom period. Although the scores were normally
distributed, the overall mean of the assessment suggested that it was somewhat difficult for students.
Part of this difficulty may have been a result of the new item types and constructs included in the
assessment. We might anticipate that when students are given adequate preparation and practice

responding to the novel task structures, that any construct irrelevant variance associated with adapting to
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the novelty of the SBAs will be reduced. Nonetheless, even under the novel administration conditions in
this pilot, the assessment was reliable (question 2) and the student performance was correlated with
more familiar, traditional reading comprehension performance.

Despite these strengths, one possible criticism of using a scenario-based approach is that the
purpose-driven and thematic nature of the assessment might not generalize beyond the single
assessment. The issue of reduced generalizability was one of the criticisms of the performance
assessment movements in the 1990’s which used more authentic and purpose-driven tasks (see Ryan,
2006). In reaction to this claim, the current SBA displayed a moderate to high correlation with a more
traditional reading comprehension assessment. This result not only provides some evidence of the
concurrent validity of the test (question 3), but also provides some evidence that the SBA design is not
inherently content dependent. The overlapping variance between the SBA and the traditional measure
of comprehension indicates that both assessments are measuring common aspects of a larger reading
construct. While this result does not provide definitive evidence of the generalizability of SBAs, it does
lend at least some support to the claim that what the SBA measures is not entirely restricted to the
topics, texts, and items of the particular thematic form.

Another criticism of richer task environments such as performance assessments is that they were
effortful to build and that this effort does not provide very much added value (Ryan, 2006). While a
strict interpretation of added value goes beyond the scope of this paper, there is some preliminary
evidence that richer aspects of the SBA design are related to student performance. The results of the
current study indicate that the process data (timing information) revealed that the time a student spent on
scenario related screens (non-item time) was associated with higher reading comprehension scores. The
time spent on non-item screens predicted unique variance in comprehension scores even when the time

on multiple choice and constructed response items was factored in to the hierarchical regression. In
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other words, contextual elements such as the teacher and peer interactions seemed to provide some value
for students as time on these screens was associated with higher scores. While the precise reason for
this association goes beyond the design of the current study, it might result from a number of factors
ranging from reducing students’ test anxiety by providing a friendlier context, to providing more
information that would help students understand task expectations. Future research should explore these
issues more systematically.

Beyond the issues related to the scenario, we were also interested in capturing two key aspects of
reading comprehension, mental model formation and digital literacy. In particular, we wanted to
determine whether the pattern of performance on these tasks was consistent with the design (question 5)
and the literature. To this aim, mental model formation was measured by a combination of summary,
graphic organizer, and guestioning items. Of the mental model items, performance on the questioning
items was higher than the performance on the other two item types. The questioning items are an
indirect measure of the question generation technique, simplified so that students could choose, rather
than generate, appropriate questions (e.g., Beck et al, 1997; Graesser & Lehman, 2006; Graesser &
Person, 1994; Graesser et al., 2009) - a design change which may have made them a little less
challenging than the typical instantiation of this technique. In contrast, the summary items were the
most difficult mental model item type. Although some of this difficulty might be attributed to the
response format (constructed response), in general, summary writing tends to be a difficult skill to
master (Hill, 1991), as it requires students to extract key information, omit less important information,
and organize the key points into a coherent whole. This process is demanding in part because it requires
the integration of a number of key skills.

Indeed, forming a situation model (or mental model) requires students to integrate their

background knowledge with the text (Kintsch, 1998). Although we did not measure the integration of
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background knowledge with the text, we did provide a measure of background knowledge that was
related to the topic of the text. Consistent with the prior literature, we did observe a moderate
correlation between background knowledge and comprehension on the SBA (Author, 2007; Shapiro,
2004). That is, students who knew more about the core topic of the assessment (farming) did score
higher than students who knew less about the topic. The background knowledge might have helped
students to draw knowledge based inferences (McNamara, de Vega & O’Reilly, 2007) or help them
integrate what they read into an existing schema (Mandler, 1984).

In 21% century learning environments, building a mental model can be even more complex as
students have to navigate the complexities of extracting meaning in digital environments. In the current
study, digital literacy was operationalized and constrained to tasks assessing the evaluation of sources,
classifying and evaluating different perspectives, as well as tasks that measured how students integrate
and evaluate perspectives across multiple texts. Tasks that required students to classify and evaluate
perspectives were the easiest in this set. Although this set included theoretically more difficult
metacognitive type tasks such as identifying incorrect and off-topic information (Hacker, Dunlosky, &
Graesser, 2009), there were other items in this task set that are common in the standards of typical U.S.
classrooms such as distinguishing fact from opinion (NGA & CCSSO, 2010). This overlap with the
curriculum might be one of the reasons why this task set was one of the easiest in the entire assessment.

In contrast, the digital literacy task that required students to evaluate and integrate different
perspectives across texts proved very difficult. This task not only required students to engage in
perspective taking (Zhang et al., 2013), but also to navigate and integrate information across multiple
texts (Stremsg et al., 2010). Although young students can integrate information across texts when
supported (Goldman, 2004), understanding multiple texts is a difficult skill to master. The difficulty in

this task might be augmented by the working memory load required to remember what person was
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associated with what perspective, and where the information was located across multiple passages.
Holding all this information in memory at one time might be particularly demanding for the students in
this study.

Limitations and Challenges

This was one pilot of one form of a prototype SBA approach. We were missing a quarter of the
sample demographic information about students, so we cannot make broader claims to the
representativeness of the sample or any biases in test items in subgroups. We also lacked
instrumentation to evaluate student motivation or other usability challenges in test administration. We
are currently conducting more usability studies that explore such issues, as well as gathering teacher
feedback on the quality and appropriateness of the tasks. We were also unable to help students or
teachers prepare for this novel testing situation. In the future, we hope to prepare materials so that the
experience is not quite so novel. We are in the process of generating forms that vary topic and task type
to further explore the generalizability of the design characteristics of these tests.

There remain numerous, complex technical issues that will also need to be addressed in moving
towards operational use of scenario-based assessments. These include potential violations of item
independence; efficient scoring of constructed-response items; stringent evaluation of generalizability
across forms; dimensionality; reporting of new kinds of information beyond traditional, unidimensional
scale scores (e.g., reporting on background knowledge); etc. In this study, we presented preliminary
evidence of the promise and feasibility that we see as encouragement for moving forward.

Finally, we note that the overall time spent on items was positively correlated with performance.
It seems that because of the challenge level, those examinees in the bottom quartile may have chosen not
to persist, which is not ideal -- a weakness in this design we must address in the future. However, we

also note that the highest quartile students also spent the most time, despite the well-known finding that
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better readers are more fluent and efficient readers, which could have resulted in them spending less or
at least the same time overall as other groups. This is consistent with the challenge level required to
reason about content and integrate knowledge and information across texts and tasks. Deeper

processing of content may neutralize the automaticity and fluency of advantage they typically enjoy.

Conclusion

The scenario-based approach, while potentially fruitful, also presents various accompanying
challenges. The reason that the traditional design of reading comprehension tests may not have changed
in decades is because it is efficient and effective in producing reliable and interpretable scores. It is also
very familiar to test takers and consequently, students know what to expect and how to respond to
traditional item types. The SBA introduces several novel elements to the test session including a section
probing examinee background knowledge, an introduction of an overall scenario that sets a larger
purpose for the texts and tasks, questions that probe mental models, sections that introduce and assess
multiple texts that are thematically related to the larger purpose, and simulated teacher and peer
interactions that are situated in a modern 21% century digital environment. Thus, building a case for the
importance and validity of broadening the construct of reading and introducing changes to the typical
design is necessary. However, even if the changes were deemed valid, their use would be undermined if
administration and scoring proved infeasible or impractical for typical classroom application. The
evidence in this study can be viewed as a concept proof that SBAs can be designed to address the
simultaneous challenge of enhanced theoretical foundations and practical use.

With this particular SBA form, middle grade students were given a broad, task-oriented scenario
for reading a set of thematically related sources, then asked to reason, integrate, synthesize and evaluate

information from traditional and digital texts. The coordination of these skills is quite complex, and
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building an assessment to measure them required innovating item and tasks that moved beyond the
traditional approaches used in passage-question reading comprehension tests. While not every
innovation showed evidence of success, preliminary data indicated students were able to perform
complex, integrated skills, and it is possible to measure these skills as evidenced by the psychometric
properties of the test for students at this grade. We view this as encouragement to researchers and
assessment designers alike that scenario-based, theory-based measures that broaden the construct
coverage of tests can and should be designed and studied, so that we can better understand the reading

behavior of learners, and use that understanding to inform learning and instruction.
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Table 1

Means (SD) and Correlations of Reading Subtests to SBA and Reading Comprehension Tests (N = 161)

Mean (SD) SBA Reading Comp

SBA 54.11 (24.05) 1.00

Reading Comprehension 356 (31.37) 0.77 1.00
Efficiency of Comprehension 366 (31.83) 0.76 0.78
Sentence Processing 356 (31.81) 0.70 0.73
Morphology 366 (30.97) 0.76 0.76
Vocabulary 371 (27.50) 0.71 0.66
Word Recognition/Decoding 364 (28.29) 0.70 0.69

Note: Reading scores of 370 and higher are considered proficient. Scores of 330 and lower are

considered below basic proficiency.
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Table 2

SBA and Reading Assessment Means (SD) for Quartile Ability Groups Based on SBA Scores (N = 161)

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Average

SBA % correct 24 (6) 41 (5) 59 (6) 84(9) 54(24)
Reading Comp 325(19) 337(23) 366 (20) 386(16) 356 (31)
Efficiency 331(24) 353(28) 379(19) 391 (11) 365 (32)
Sentence 325(23) 342(27) 366(22) 381(19) 356 (32)
Morphology 333(26) 353(24) 376(20) 391 (12) 365 (31)
Vocabulary 343 (27) 362(25) 381(14) 393(8) 371(28)

Word Rec/Decoding 339 (27) 348 (25) 372(17) 387 (13) 364 (28)
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Table 3

Means (SD) and Correlations of Time Variables (Minutes) to SBA Total Score (N = 426)

Mean (SD) 1 2 3 4 5 6

1. SBA % Correct 53.33(23.09) 1.00

2. Multiple Choice Time 15.62 (6.48) 0.59 1.00

3. Constructed Response Time 10.46 (5.43) 0.45 0.57 1.00

4. Non-Item Time 6.24 (3.15) 0.39 040 0.39 1.00

5. Background Knowledge Time 3.02(1.01) -0.16 024 035 0.21 1.00

6. Total Session Time 35.34 (12.67) 058 0.88 0.84 0.64 041 1.00
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Table 4

Hierarchical, Multiple Regression with Time Predicting SBA Total Score (n=337)

AdjR?> R2Change F Change Sig. F Change

Multiple Choice Time 341 .343 174.6 .000
& Constructed Response Time .360 021 11.2 .001
& Background Knowledge Time 488 129 84.5 .000
& Non-item Time 516 .029 20.2 .000

Note: Time values above 2.5 SD from mean were omitted, resulting in n=337 listwise.
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Table 5.

Means (SD) for Quartile Ability Groups Based on SBA Test Scores (Percent Correct)

Quartile1  Quartile 2 Quartile 3 Quartile 4 Average

SBA % Correct 24.90 (5.82) 41.69 (4.77) 59.18 (5.45) 83.58 (8.94) 53.33 (23.09)

Multiple Choice Time 10.18 (5.66) 13.61 (5.38) 18.11 (4.89) 19.92 (4.95) 15.62 (6.48)

CR time 7.08(5.10) 9.68(5.14) 11.32(4.61) 13.40 (4.84) 10.46 (5.43)
Non-Item time 464 (2.86) 5.77(3.37) 6.16(2.78) 8.20(2.54) 6.24 (3.15)
BK Time 320 (1.21) 3.16(1.04) 2.93(0.93) 2.85(0.79) 3.02 (1.01)

Note: CR = Constructed Response, BK = Background Knowledge
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Table 6

Means (SD) of Percent Correct, Reliability, and Correlations for Three Item Types

Items Mean (SD) Alpha Mental Model Digital Literacy

Mental Model 16 0.49 (.26) 0.78 1
Digital Literacy 13 0.52 (.24) 0.76 0.72 1

Miscellaneous 8 0.56 (.25) 0.64 0.70 0.69




Table 7
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Percent Correct on Clusters of ltems

Source Text Items Percent Correct
Mental Models 16 49%
Summary Writing Organic Farming 2 22%
GO -3x4 levels Organic Farming 4 26%
Sequencing Organic Farming 3 36%
Questioning Organic Farming 3 55%
GO 2x 2 levels Pros and Cons 4 45%
Background 29 59%
Vocabulary None 5 51%
Topic list None 24 61%
Digital Literacy 13 52%
Eval.Credibility of Sources Search Result Descriptions 3 50%
Eval. Perspectives-Classify Forum Discussion 6 62%
Eval. Perspectives-Integrate Forum Discussion 4 37%
Miscellaneous 6 56%
MC-items * 3 48%
Vocabulary None 5 61%

Notes: * 1-item each to stimulus Pro and Con passage, cartoon, and bar chart.
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Endnotes

i Unfortunately, about 25% of the demographic information was missing or could not be matched in this dataset. We
compared the full school demographics to the subsample who participated in the study and while there were some minor
differences relative proportion at the school level, overall the demographics reported provide a general sense of the sample.



