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Abstract 

 

 This research study examines the relationship between reader-level variables and 

text-level variables in a large-scale assessment of reading comprehension for Grade 10 

students in Minnesota, administered in 2006. Six narrative passages and the associated 

multiple-choice reading comprehension items were examined and coded for variation in 

propositional density, causal connectedness, cognitive demand, item type, and distracter 

features. A series of Rasch models were used to calculate individual item difficulty for 

different groups of students, divided on proficiency level. The relationship between 

student proficiency, item characteristics and item difficulty was investigated. A 

significant effect of whether multiple choice items demanded an inference from readers 

on item difficulty was observed for low-ability readers. Significant effects were also 

observed for the presence of highly causally connected, true but irrelevant information in 

item distracters for students of each of four categories of ability level. Results are 

interpreted in light of a causal model of reading comprehension, the Construction-

Integration Model and the Simple View of Reading. 
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Chapter I: Overview 

 Research into reading comprehension from a psycholinguistic approach has 

focused on both text-level and reader-level variations that interact to support the 

cognitive processes that underlie comprehension of a written text. Consequently from this 

theoretical perspective, comprehension can be seen as the product of the interaction 

between the reader and the text which is read. The text can vary across multiple 

dimensions, such as: complexity of the subject, relevance, narrative, vocabulary, uses of 

anaphoric references, et cetera (Kintsch, 1988; McCrudden & Schraw 2007; McNamara 

& Magliano, 2009). So too do readers vary across dimensions including, decoding skill, 

fluency, vocabulary knowledge, prior knowledge and motivation (McKoon & Ratcliff, 

1992, O’Brien & Myers, 1987; Samuels, 2007; Rapp & van den Broek, 2005). The 

contributions of these sources of variation to a global view of “reading comprehension” 

as a measurable trait or ability remain a matter of debate. Researchers who investigate 

text processing generally refer to a “mental representation” as the result of 

comprehension. These mental representations contain information from the text, 

information from the reader’s prior knowledge and inferences made by the reader in 

response to the text (McNamara & Magliano, 2009). Most studies from the field of text 

processing use controlled experimental methodologies to test hypotheses which describe 

the processes involved with the creation, updating and retrieval of mental representations 

of information from a text-base. Methodologies from this perspective have expanded to 

examine corpora of naturally occurring texts (for a review see: McKoon & Ratcliff, 

1998). Far fewer studies have investigated the processes that underlie reading 
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comprehension within the context of large scale assessment (Gorin, 2005; Gorin & 

Embretson, 2006; Freedle, 1997; Friedman & Miyake, 2004; Santelices & Wilson, 2010).  

Research in reading comprehension from a psychometric approach typically 

assumes a construct or trait called “comprehension,” which is measurable using well-

constructed assessments. These types of measures form the backbone of current 

accountability systems used to assess student ability individually and at school, district, 

state and national levels. An interpretation of the psychometric approach to reading 

comprehension from the theoretical assumptions of discourse processing research 

suggests that assessments are highly specialized texts. The assessments rely on texts that 

are comprehended, producing a mental representation by the reader. The text is then 

extended into a set of questions which make specific cognitive demands of the reader, 

asking him or her to access the mental representation that was been created in order to 

respond to the individual item. Psychological models of question answering (Fisher, 

1981; Graesser & Franklin, 1990) have focused on free-recall and constructed response 

situations, but have  seldom been applied in the context of multiple choice items. There is 

a need for more research into the question of how text structure and individual ability to 

construct meaningful representations of text interact to produce what we (sometimes 

simplistically) refer to as “reading comprehension”. 

The current research study had three aims. The first aim was to investigate 

whether there is a relationship between the causal structures of narrative texts on item 

difficulty and student response patterns within a "real world," multiple-choice item based 

measure of reading comprehension. The causal structures in the selected passages and 

items were examined across student ability levels. Additionally, causal features of 
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distracters in items were analyzed to investigate the relation between causal structures in 

item choices and item difficulty among different ability groups. The second aim was to 

investigate whether or not differences in the propositional density of texts and items was 

related to student response patterns on a multiple-choice item based assessment of 

reading comprehension. The third aim was to investigate whether the causal networks or 

propositional densities of texts and items were more correlated with item difficulty than 

traditional indices of cognitive demand used by item writers. 

This dissertation is organized in the following fashion: Chapter I: Overview, 

provides a general description of the research conducted as well as an organizational 

overview for the reader. Chapter II: A Review of the Text and Reading Comprehension 

Assessment Literature provides the theoretical and historical context of text 

comprehension research, an overview of psycholinguistic research methods and a 

discussion of methods of standardized reading comprehension assessment and 

psychometric models used to interpret assessment of reading comprehension. Chapter 

III: The Current Research Study discusses the three specific aims of this research. 

Chapter IV: Methods provides a detailed description of participants, materials and coding 

procedures. Chapter V: Results presents the results of the analyses conducted for each of 

the three aims of this dissertation. Chapter VI: General Discussion provides a discussion 

of the findings, including several theoretical explanations for the results. In Chapter VII: 

Limitations a discussion of the limitations of the current research and implications for 

future directions is presented. Chapter VIII: Conclusion presents the conclusions drawn 

from the analyses, namely that the evidence of a relationship between causally loaded 

distracters, item difficulty and student ability in multiple choice reading comprehension 
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assessments shows the need for continued research into the effect of text structure on 

item representation and response selection. Additionally, the lack of any significant 

relationship between traditional indices of the level of cognitive used in test construction 

and item difficulty presents a problem for the utility of large-scale multiple choice 

assessments. 



5 

Chapter II: A Review of the Text Processing and Reading Comprehension 

Assessment Literature 

Readers engage in a dynamic process of creating and updating a mental 

representation of the information, relationships and story represented in texts. Scientific 

understanding of both the structural elements contained within texts that support 

comprehension and the processes that readers use to comprehend texts is impressive if 

somewhat fragmented. How these structures and processes function in an assessment of 

reading comprehension is less well understood, largely because psycholinguistic or text-

processing research is infrequently applied to investigate the cognitive processes that are 

used when a student engages in text comprehension within the context of a large-scale 

assessment. While experimental research makes strides toward a more refined 

understanding of the cognitive processes involved in comprehension, out in the wider 

world, millions of students are assessed annually on their ability in reading 

comprehension through the use of large-scale, criterion-referenced, state-administered 

multiple choice tests.  

In Minnesota, as in all other States, students are required to take multiple choice 

assessments of reading comprehension each year from grade three through grade eight 

and again in grade ten (Minnesota Deparment of Education, 2006). The Minnesota 

Department of Education (MDE) is responsible for the creation of these assessments, and 

oversees their administration. Considering the weight given to test scores in setting 

educational policy, a fuller understanding of the psychology that underlies text 

comprehension within the context of large-scale, criterion-referenced assessment is 

necessary.  
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The purpose of any measure is to quantify performance, knowledge or to arrive at 

a value of some trait or construct. The structural elements of texts that affect 

comprehension can potentially inform our understanding of item difficulty. Analyses of 

student response data in assessment contexts can also provide evidence for the cognitive 

processes that underlie reading comprehension and decision-making. Since reading 

comprehension involves a dynamic process dependent on both the text and the individual 

reader (Kintsch, 1988, Rapp & van den Broek, 2005), the potential that readers of 

differing groups or ability levels may respond to reading comprehension items differently 

as a function of text-level differences, rather than solely reader-level differences, presents 

both a problem and an opportunity. In practice, most creators of large-scale assessments 

rely on relatively simple measures of text difficulty when selecting passages. These 

simple measures largely quantify difficulty by the use of word counts, ratios of common 

to uncommon words in texts, and average number of words per sentence (McNamara, 

Graesser & Louwerse, 2012). While these indices of difficulty do provide some 

information about how readers are likely to respond to a passage, findings from text-

processing research has the potential to provide a more detailed (if potentially “messier”) 

model of how item difficulty results from an interaction between the text and the reader 

rather than either one alone.  

This research study investigates the relationship between text characteristics and 

item function in a large scale reading comprehension assessment. In order to understand 

the trait of reading comprehension measured by large-scale criterion-referenced 

assessments, a deeper understanding of the cognitive processes invoked within the 

context of assessment is needed. In this chapter, research from the field of text-processing 
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that has demonstrated varying effects on reader’s constructions of mental representations 

is presented first, followed by a review of literature related to the measurement of traits 

using large-scale standardized assessments. 

Text Comprehension Research 

The field of text comprehension has, historically, drawn on two perspectives. The 

constructionist perspective (Graesser, Singer, & Trabasso, 1994) emphasizes the active 

role of the reader in constructing a mental representation of a narrative text. Alternately, a 

bottom-up, more passive view of text comprehension which relies on “the minimalist 

hypothesis” proposed by McKoon and Ratcliff (1992) led to the memory-based view of 

text processing which emphasizes that automatic memory processes (applications of 

ordinary memory processes hypothesized from multiple fields of study) are the primary 

mechanisms which guide text comprehension (Gerrig & McKoon, 1998; O’Brien, & 

Myers, 1999; Gerrig & O’Brien, 2005). 

Increasingly, strong forms of constructionism and minimalism are seen as 

insufficient on their own, but rather as complementary components of a potentially more 

explanatory, comprehensive model of text comprehension, (Long & Lea, 2005; 

McNamara & Magliano, 2009; Noordman & Vonk, 1998, O’Brien & Myers, 1999; Rapp 

& van den Broek, 2005; van den Broek, Rapp & Kendeou, 2005). Neither an exclusively 

bottom-up nor an exclusively top-down model can account for the decoding, 

representation and inference generation which account for some of the processes 

involved in text comprehension. Rapp and van den Broek (2005) proposed an integrative 

view of text comprehension that draws from both the memory-based and constructionist 

perspectives. They suggest that the proliferation of “mini-theories” is useful in 
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constructing a more integrated view of the actual processes involved in text 

comprehension. To provide empirical evidence of their model of “dynamic text 

comprehension,” (p. 276) they employ the "Landscape Model" (Linderholm, Virtue, 

Tzeng & van den Broek, 2004; van den Broek, Risden, Fletcher & Thurlow, 1996) which 

attempts to explain the inferential processes during reading and the availability of 

information at different points in the text as well as how these factors form a stable 

memory representation of the text. McNamara and Magliano (2009) extend an integrative 

perspective in their review of seven influential models of text comprehension, identifying 

common important features of the models including “text-based inferencing” (p. 304).  

While the “mini-theories” described by Rapp and van den Broek (2005), and the 

common features of comprehension models described by McNamara and Magliano 

(2009) do not provide a comprehensive view of the processes readers use to comprehend 

a text, these broad overviews provide a useful framework for understanding the more 

constrained set of processes used when readers take a multiple choice assessment of 

reading comprehension. In the context of assessment, readers are presented with a text 

followed by a series of questions designed to measure comprehension. In multiple choice 

assessments, the questions are arranged with a stem that poses a specific question or task 

for the reader, followed by a set of choices, one of which is correct. The alternate choices, 

or distracters, are designed to be plausible resolutions to the demand made in the item 

stem that an unskilled reader (or a reader with an incomplete representation of the 

information contained in the text) might select. Through a set of items, the assessment is 

designed to discriminate between readers with high and low ability at reading 

comprehension or, in the case of criterion referenced assessments, to identify individual 
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students’ levels of performance with regard to the state standards on which the 

assessment it based. 

Reader Driven and Text Driven Processing 

Since this research project applied text-processing research to the context of 

large-scale assessment, it drew on both the automatic, low-level processing integral to the 

memory-based view and the strategic processes inherent in the constructionist 

perspective. Because both perspectives contribute to a dynamic model of text 

comprehension, it is useful to understand the research that led to the constructionist and 

minimalist research perspectives. 

The constructionist approach to text comprehension relies on a description of 

readers actively engaging in a “search for meaning” when they read a specific text 

(Graesser et al., 1994). This draws heavily on Bartlett’s (1932) work that demonstrated 

the human tendency to assign meaning to ambiguous figures or situations. When readers 

engage in this strategic construction of meaning, they make necessary inferences about 

events and actions in the story in order to create a situation model of the text. A situation 

model is a mental representation of the characters, events, goals, settings and 

relationships from a text (Johnson-Laird, 1983; van Dijk & Kintsch, 1983). Using the 

constructionist approach as an explanation of reader behavior, a reader reading a novel is 

constantly engaging in inferences about characters’ motivations, characters’ knowledge, 

the causes of events in the story, spatial relationships and expectations for outcomes in 

the plot (Graesser et al., 1994; Trabasso and Sperry, 1985). Graesser, et al. (1994) 

describe these active, strategic processes as a reader’s “search after meaning” (p. 595). 

This “search after meaning” is not concerned with shallow processes used to decode 
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syntax or represent the propositional structure of the text, but rather with the higher-level 

strategic, largely reader-driven, processes of comprehending a text. They outline three 

critical assumptions that underlie the reader’s “search after meaning.” The first of these 

assumptions is that the individual reader constructs a meaningful representation of the 

text that satisfies the reader’s goals. This suggests that a difference in reader goals will 

result in individual variation in the mental representation or situation model that the 

reader creates while reading a specific text. The second assumption of the “search after 

meaning” is that readers engage in an attempt to create a mental representation that 

maintains both local and global coherence. “Local coherence” is the product of the 

interaction between reader-driven, cognitive processes and the structural features of the 

text that organize referents, constituents and anaphors from clause to clause (Kintsch, 

1988). This is an essentially small-scale view of textual coherence that is largely 

dependent on the current contents of working memory or extremely recent prior 

knowledge (from immediately preceding clauses).  “Global coherence” refers the product 

of the interaction between reader-driven processes and elements of the text that organize 

small pieces of information into larger themes, goals directions or relationships in the 

text. The third assumption that underlies the constructionist perspective is the 

“explanation assumption” (Graesser et al., 1994, p. 372) which refers to the reader’s 

efforts to explain the actions and events in the text. The three assumptions of the 

constructionist view are clearly relevant to reading comprehension assessment. Texts are 

selected and presented to students with associated multiple-choice items. Under the first 

assumption, in the context of assessment, we can assume a student has goals related to 

successfully comprehending the passage, at least to the point that he or she can respond to 
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the items associated with it. The second and third assumptions are more directly related 

to the processes involved in responding to the individual items. In selecting from a set of 

choices (one correct, the others incorrect) students are making judgments related to 

coherence. Presumably, the correct choice should be the option that maintains the highest 

level of coherence to both the text and the item stem. The third assumption is most 

directly related to those items that demand an inference from the student in order to 

respond to the demand made by the item stem. Consider the following sentences: 

 

 (1a) Mary was terribly hungry. 

 (1b) She had been working hard all day. 

 (1c) She decided to purchase a snack. 

 (1d) The snack shop was three floors down, so she left her office. 

 

A multiple choice question that refers to these sentences might be constructed as follows: 

 

  (2) Why did Mary buy a snack? 

a. She was a turtle. 

b. She was terribly hungry 

c. She had been working hard all day. 

 

In this example the best (correct) answer would be “b. she was terribly hungry.” A 

student responding to this question would likely read the item stem, represent the 

demand, which in this example is that he or she make a backwards causal inference and 
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select the best reason to explain Mary’s snack buying behavior and then consider the 

answer choices. The first choice is clearly implausible and an inappropriate distracter. 

Nothing in the text suggests that Mary is a turtle. This distracter can be judged to be 

inconsistent with a coherent representation of the text which includes the item demand. 

The third choice in this example, however, presents an interesting opportunity for 

analysis since it contains information that is both true, and related to events in the text. In 

order to make the best selection of a response, the student has to make a judgment about 

the relative coherence of choices “b” and “c.” This is a clear application of the third 

assumption of the constructionist perspective. A student responding to this question is 

required to explain the actions and events in the text by making a causal inference and 

evaluating the relative coherence of two possible explanations. In this way, the item stem, 

and the choices of responses should be seen not as wholly separate from the text, but as 

an extension of the text. 

 In contrast to the constructionist view of text processing, McKoon and Ratcliff 

(1992) proposed a “minimalist hypothesis” of text processing in which readers have a 

very limited amount of information available from memory while reading a text and 

generally are only concerned with maintaining “local coherence.” One criticism on the 

constructionist understanding of how readers create and maintain mental representations 

of the text was that it failed to explain how the “search after meaning” could function in 

the context of constrained working memory resources (McKoon & Ratcliff, 1992). One 

approach that could support an understanding of “search after meaning” within the 

confines of limited processing resources is a capacity-constrained model based on 

Kintsch’s construction-integration model (1988, 1998). Goldman and Varma (1995) 
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designed a simulation model that embedded the construction-integration model within a 

capacity constrained architecture developed by Just and Carpenter (1992) in order to 

explore interactions between comprehension, prior knowledge and strategic processes. 

Goldman, Varma and Coté (1996) refined the simulation model to represent a dynamic 

working memory system rather than a fixed buffer as had been used earlier. Results 

showed that the simulation was able to identify super-ordinate thematic concepts from 

hierarchically organized texts and then use these concepts to drive further formation of a 

network representation of the text. This type of process could be understood as 

compatible with a “search after meaning” since it modeled a process that could be 

described as producing global coherence. Both the constructionist perspective and the 

computational model proposed by Goldman, et al. (1996) model processes in which a 

reader is able to identify important concepts from a text in order to derive a coherent 

representation . This ability is essential for students to answer multiple-choice, reading 

comprehension items. 

Propositional Structures 

Establishing a coherent mental representation of the situation described in a 

narrative is a critical component of comprehending a text. Many researchers have 

described processing dimensions on which readers connect information from a text in 

order to develop a coherent mental representation (Graesser, et al., 1994; Kintsch, 1998; 

Lorch & O’Brien, 1995). One particularly relevant approach, the Construction-

Integration (C-I) model (Kintsch, 1988; 1998; Kintsch & Welsch, 1991), employs a 

bottom-up structure in which the meanings of individual words are activated during 

reading, propositions are formed based on the word meanings and syntax of the text all 
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from a "dumb" set of processes that may construct a wildly incoherent, or even 

contradictory text base. Kintsch argues that at this point in comprehension, the network 

of interrelated items that arise from the activation of word meanings and propositional 

formation are integrated into a coherent structure through a spreading activation process. 

Presumably, the integration component of Kintsch's C-I model is influenced by reader-

level differences in prior knowledge, ability, working memory capacity, attention and 

motivation. It is at the level of integration that higher-order processes such as inference 

generation occur. This conforms to the general view of the more recent dynamic models 

of text comprehension that attempt to explain both text-level and reader-level 

contribution to reading comprehension. The C-I model describes three levels of 

representation (Kintsch, 1998, van Dijk & Kintsch, 1983), the surface structure, the text-

base and the situation model. The surface structure of a text describes the basic syntactic 

relations between words. At the text-base level, the C-I model relies on a critically 

important linguistic structure, the proposition. A proposition in a text is the part of the 

meaning of a clause or sentence that is constant even in the light of changes in voice, 

order or other structural features of the text. Consider the following pair of sentences: 

 

(3a) Lola ate the apple. 

(3b) The apple was eaten by Lola. 

 

Both sentences contain the same proposition, expressed thus: ATE(LOLA, APPLE), despite 

the different structure of the sentences. A proposition can be considered to be the smallest 

meaningful “idea unit” in a text, parallel to how a phoneme is the smallest meaningful 
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“vocal unit” in spoken language. Propositions represent a complete idea which is 

representative of whatever relation or action is being expressed in the text. Tense is 

generally not represented at the propositional level. Consequently, if Lola is eating the 

apple, has already eaten the apple or will eat the apple in the future, the propositions of 

those actions remain the same.  

  The propositional structures described by Kintsch (1972, 1974, 1988) have led to 

studies that have used propositional analyses as a way to investigate reading 

comprehension (Anderson & Lebiere, 1998; Kintsch & Monk, 1972; McKoon & Ratcliff, 

1978). A famous propositional analysis comparing the 1952 presidential campaign 

speeches of Adlai Stevenson and Dwight Eisenhower was conducted by Kintsch and 

Vipond (1979). Stevenson's speeches were generally considered to be more difficult to 

understand than Eisenhower's, no doubt contributing to his public image as an "egg-

head." Kintsch and Vipond showed that rather than a difference attributable to the use of 

less common words, longer sentences or more complex syntactical structures, that 

Stevenson's speeches were actually more complex in their propositional structures. 

Stevenson's campaign speeches could be described as having a higher propositional 

density than Eisenhower's. A simple calculation of propositional density involves 

dividing the number of propositions in a given text divided by the total number of words.  

 The third level of the C-I model, the situation model involves all of the inferences 

related to the information conveyed in the text-base. Kintsch (1998) distinguishes 

between automatic and controlled inferences and between inferences that are retrieved 

versus generated. The idea of the situation model has launched a significant body of 

research into how the inferences generated during comprehension affect the creation and 
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updating of a mental representation (e.g. Graesser, Millis & Zwaan, 1997; Long & 

Golding, 1993; Myers, O’Brien, Albrecht, & Mason, 1994; Trabasso & Sperry, 1985; van 

den Broek & Trabasso, 1986). The level of situation model is generally where the 

inferencing demands that form the basis of many multiple choice, reading comprehension 

questions are located. One of the most common types of item demand structures requires 

students to answer questions about why an event occurred, or to make a prediction about 

what event will occur as a result of events described in the text. These relationships 

between events can be evaluated formally by analyzing causal structure. 

Causal Structures 

One of the important sources of inference within the situation model of a text is 

the relationship between descriptions of causally-related ideas. The comprehension of 

causally-related information in texts allows the reader to generate inferences about past, 

current or future events in the narrative. When a text contains a situation in which the 

reader is able to infer a future event, she may generate a predictive inference (Fincher-

Kiefer, 1993; Klin, Guzman, & Levine, 1999, Cook, Limber & O’Brien, 2001). These 

predictive inferences inform the reader’s expectations for future events in the text. For 

example, if a reader reads the following sentence, “Harry threw the crystal goblet hard 

against the brick wall,” it is exceedingly likely that the reader will infer that the goblet is 

going to break. Predictive inferences can be near-term, as shown in the previous example 

or can be more distant. Additional types of inferences include authorial intent, character 

super-ordinate goals, character sub-ordinate goals and causal inferences that are both 

backward and forward in direction (Graesser, et al., 1994; Suh & Trabasso, 1993). Many 
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of these inference types are represented in the item stems of large-scale reading 

comprehension assessments.  

Inferences. Reader inferences can occur online, during comprehension, or offline, 

during recall of the text. From the constructionist perspective, the likelihood of 

generating inferences depends on the reader’s goals, strategy and prior knowledge, as 

well as the text itself, and in the case of psycholinguistic research, the nature of 

experimental manipulations in the text. Graesser et al. (1994) address this methodological 

issue directly, cautioning researchers studying inference generation during reading to 

validate their manipulations. The specific reader population participating in an inference 

generation, text-processing experiment may differ systematically from the experimenter 

writing the text that will be manipulated. In large-scale, multiple choice assessments, 

many of the items are inferential in nature, asking the student to answer questions about 

why a particular event occurred or to locate the probability of a future occurrence based 

on events in the text. These inferential items which are designed to measure reading 

comprehension may function differently for low ability and high ability readers. In a 

study conducted by van den Broek, Tzeng, Risden, Trabasso & Basche (2001), the 

authors demonstrated that inferential questioning presented within a text or after a text 

had an effect on reading comprehension for narrative passages but that the effect was 

moderated by reading proficiency. Fourth grade students, in the study, compared to 

seventh and tenth grade students, actually showed poorer comprehension when inferential 

questions were presented within the text. While not directly parallel, their findings have 

implications for how ability or proficiency might make certain types of items, even on a 

standardized, multiple choice assessment of reading comprehension differentially 
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“disruptive” to readers of low ability when compared to readers of higher ability. 

Plausible distracters necessarily provide an alternate resolution to the cognitive demand 

in an item stem. This could potentially be disruptive in the sense that it could be 

associated with “second guessing” behaviors.  

Causal criteria. Causal inferences have been shown to help people create and 

maintain coherent mental representations of texts (Trabasso & van den Broek, 1985; 

Trabasso, van den Broek & Suh, 1989; van den Broek & Trabasso, 1986). Causal 

inferences are generated based on information in texts that have causal criteria of 

necessity, sufficiency, temporality and operativity (Mackie, 1980). The criterion of 

necessity refers to a condition in which one concept is dependent on another concept. The 

criterion of necessity supposes two occurring events, for example an event X and event Y. 

If the criterion of necessity of satisfied, both events X and Y occurred, and in the 

circumstances of both events, X preceded Y, and Y would not have occurred if X had not 

occurred. In this case, the occurrence of Y is reason to infer that X was an antecedent 

occurrence. Sufficiency refers to a conditional dependency between concepts based on 

high probability. Thus if X is a sufficient cause for Y, then the occurrence of X implies Y 

will probably occur. However, even though X is normally sufficient for the occurrence of 

Y, it is possible, in some cases that Y may be caused by something else entirely, and as 

such, the occurrence of Y does not necessarily imply the preceding occurrence of X. 

Operativity refers to an ongoing state or concept that operates until a consequence occurs. 

Under the criterion of operativity, X is an ongoing occurrence which is terminated by the 

occurrence of Y. Last, temporality refers to a cause and effect occurring in a regular, 

chronological fashion. Criteria of necessity, sufficiency and operativity can all contribute 
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to the criterion of temporality. If an individual learns through experience, that event X is 

normally sufficient for even Y to occur, the level of temporality ascribed to the 

relationship is likely to increase and can affect future inferences. Causal inferences are 

generated (based on the identification of causal relationships) as a result of reader 

judgment of the necessity and sufficiency of relationships or events in the text. Refer to 

the previous causal, inferential example in the following sentence pairs: 

 

(4a) Harry threw the crystal goblet hard at the brick wall. 

(4b) The goblet shattered into hundreds of pieces. 

(5a) Harry threw the crystal goblet hard at the brick wall. 

(5b) He called Janet to ask her out on a date. 

 

In the first pair of sentences a strong causal connection is present. The act of throwing the 

goblet at the wall is causally sufficient for the goblet to shatter. Additionally, a high level 

of necessity is present. If the goblet was not thrown, it likely would not shatter. However, 

the levels of necessity and sufficiency are both probabilistic. There is a (remote) 

possibility that the goblet would not shatter after it had been thrown at the wall (i.e., if it 

was caught by another person or if the goblet missed the brick wall and instead hit a wall 

made of marshmallows). There is also a (remote) possibility that the goblet could shatter 

for another reason (i.e., extreme temperature fluctuations). However, based on prior 

experience of causal relations, most readers will judge this pair of sentences to have a 

high degree of causal relatedness. In the second pair of sentences, there is a weak causal 

relation between throwing a crystal goblet and asking Janet out on a date. Throwing a 
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crystal goblet is neither necessary nor sufficient for soliciting companionship. These 

examples illustrate the importance of prior knowledge in inference generation.  

Myers, Shinjo and Duffy (1987) used pairs of sentences in an experiment that 

demonstrated that readers have greater recall for information that has a high degree of 

causal relatedness. After reading a series of sentence pairs with varying degrees of causal 

relation, participants were given a cued-recall task in which they were presented with one 

sentence from a pair and asked to recall the other sentence. Those sentences with a high 

degree of causal relatedness were more likely to be recalled. In a similar experiment, 

O’Brien and Myers (1987) varied the number of causal connections between events in 

texts. Participants tended to remember the events that had the greatest number of causal 

connections to the text.  

Returning to Harry and the goblet, the probability of a reader generating an 

inference is supported by a spreading activation theory of semantic processing which 

explains the construction of inference as a result of the spread of activation from the 

proposition THREW(HARRY, GOBLET). These elements of the proposition exist in a 

complex semantic network that represents meanings of and relationships between 

concepts (Collins & Loftus, 1975). When the propositional elements are activated, 

according to the model, activation will spread to related concepts and their properties, 

providing a mechanism to generate a logical conclusion that the goblet will break which 

will result in the generation of an inference (Till, Mross & Kintsch, 1988, Trabasso & 

Suh, 1993). 

The representation of causal information. Long, Johns and Jonathan (2012) 

proposed a theory of text comprehension in which a mental representation of a text 
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depends on encoding processes that either "unitize" features of texts, or relate features to 

other features in the text. Through two experiments that manipulated the relatedness of 

two sentences either causally or temporally, they showed that while recognition was high 

in both conditions, when the sentences were related by causal inference, recollection was 

higher. This finding presents an interesting issue for the primary means of large-scale 

reading comprehension assessment through multiple choice items. Since the choices on 

an item may vary in terms of their causal connectivity to the text base, independent of 

whether or not they correctly answer the demand in the question stem, it could be a 

problematic source of variation in student response patterns, related more to text structure 

than to the ability of the reader to comprehend the "gist" of the text. 

These studies support the conclusion that there is a causal structure in texts that 

supports reader efforts to link events based on the criteria of necessity and sufficiency. 

Trabasso and van den Broek (1985) demonstrated that readers’ judgments about causal 

relatedness could be predicted by a recursive transition network or a causal network. The 

causal network of a text shows how events in a narrative are connected based on the 

criteria of necessity, sufficiency, operativity, and temporality discussed previously 

(Mackie, 1980; Trabasso, et al., 1989). The causal network can be understood as a 

significant element of the mental representation generated by a reader as he reads a 

narrative.  

 In a specific manipulation of texts, Linderholm, Everson, van den Broek, 

Mischinski, Crittenden and Samuels (2000) made causal “repairs” to both easy and 

difficult texts by arranging text in temporal order, making implicit goals explicit and 

repairing coherence breaks in the text caused by under-expression. They demonstrated 
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that the principles of causal networks can lead to the development of specific strategies to 

improve reading comprehension for both skilled and unskilled readers for difficult texts. 

 In general, these studies support the conclusion that narratives have a causal 

structure which is reflected in the mental representations of readers. One important 

property of a causal structure is transitivity. Trabasso, Secco and van den Broek (1984) 

reported that participants, when asked to rate the strength of causal relatedness between 

pairs of sentences, were likely to rate highly those sentences that satisfied the causal rules 

of temporality, necessity, and sufficiency, independent of the proximity of the sentences 

in the text. Trabasso et al. (1984) concluded that this finding showed the property of 

transitivity in the causal network (if X is related to Y and Y is related to Z, then X is also 

related to Z).  

 The causal structure of narrative texts that is reflected in the mental representation 

created by a reader will inform the predictive (or forward) causal inferences that the 

reader makes. Additionally, readers may also generate reinstatement (or backward) causal 

inferences that relate a current statement to a previous portion of the text (its antecedent) 

(Gernsbacher, 1990; Trabasso & Suh, 1993). Fletcher and Bloom (1988) attempted to 

reconcile readers’ sensitivity to causal connections in texts with the bottleneck imposed 

by finite working memory resources by proposing the “current state selection strategy.” 

In a series of three experiments manipulating working memory resources, number of 

causal connections, and number of referential connections, they concluded that the most 

recent causal information is held in working memory. As a reader reads a sentence, she 

then searches working memory for the appropriate related, causal antecedent to the 

current parse. If the current sentence is causally related to the antecedent in memory, 
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comprehension proceeds smoothly. If there is no immediately available antecedent a 

search of long term memory is undertaken to find an appropriate antecedent. 

Additionally, they showed that the longer information from a text’s causal chain remains 

in working memory, through what they call “processing cycles” (Fletcher & Bloom, 

1988, p. 244) the more likely that those specific causal elements or events will be 

retained. This also supports the findings of Trabasso and van den Broek (1985) that the 

number of causal relations and situation within the causal chain (interconnectivity) has a 

significant effect on memory of textual elements.  

Fletcher, Hummel & Marsolek (1990) showed that the processing of causal 

information in a text is affected by two specific textual structures: antecedent statements 

and consequence statements. A causal antecedent statement is simply information from a 

previous portion of the text that is causally related to the current sentence being read. A 

causal consequence is the object of a causal connection. Consider the following pair of 

sentences: 

 

(1a) Amanda wanted to bake a loaf of bread for her sister. 

(1b) Amanda turned on the oven. 

 

The first sentence is the causal antecedent of the second sentence which is a likely 

consequence of Amanda’s desire to bake bread. The relationship between the sentences 

satisfies the criteria of causality. 

Trabasso and Sperry’s (1985) “causal network” provides a framework for 

understanding the differential assessments of the relative importance of events in a 



24 

narrative text. Their analysis of a set of texts showed that for a particular event in the 

narrative, two variables associated with causal connectedness – the number of direct 

causal connections and whether an event was within a “causal chain” that remained 

active from the opening to the closing of the story – predicted judgments of importance 

both by naïve readers and by a structural analysis of the texts.  

 Readers’ incorporation of information from the causal network of a text into their 

mental representations allows them to generate inferences about the situation in a text. 

The causal network model of Trabasso, et al. (1989) provides a method to systematically 

analyze a narrative text’s structure in a way that allows researchers to, according to 

Magliano and Graesser (1991), make reasonable predictions about readers’ processing of 

causal information in a text. This ability should also inform our understanding of how 

readers of different ability levels respond to questions about a text. Based on the research 

presented, it can be predicted that assessment questions that access highly causally 

connected information should have a lower degree of difficulty than those questions that 

are less well-connected to the causal structure of the text. Additionally, distracters that 

contain a high degree of causal connectedness (but incorrect information) could be more 

seductive to readers taking a multiple choice assessment. 

  The current project draws on the theoretical perspective of a more dynamic model 

of text comprehension (Rapp & van den Broek, 2005; Sparks & Rapp, 2010) which 

draws from both the memory-based and constructionist perspectives. From a dynamic 

view, it is necessary to consider both online processes engaged during reading and the 

actual information encoded as a result of those processes (Rapp & Kendeou, 2007, 2009). 

Elements of the text base may interact with particular characteristics of readers such as 



25 

prior knowledge, working memory span, goals and motivation. From this theoretical 

perspective, both the text and the reader contribute variation to the mental representation 

that is created when reading a text.  

Text Processing Research Methods  

When discussing a constructionist, minimalist or more dynamic perspective, it is 

useful to distinguish between processes that are “online,” those that occur during the 

course of reading and comprehending a text, and those that are “offline,” which may 

occur once the text has been read and comprehended. Zwaan and Singer (2003, p. 85) 

describe several types of online measures used in text comprehension research, including 

three categories: “processing-load measures, activation measures and information content 

measures.” Processing load measures are used to make inferences about the cognitive 

resources that are being used to mentally represent a text. Reading time measures for 

specific sentences are often used as a quantification of processing load, particularly in 

research where a manipulation is used to investigate reader-driven processes.  

Activation measures are used to measure the availability of information to a 

reader as he or she comprehends a text. These measures help researchers explore the 

nature of the mental representation created by the reader. A frequently used measure of 

activation is the lexical decision task in which a participant has to determine whether a 

string of letters appearing on a computer screen is a real word. The response times in 

lexical decision tasks can be used to measure semantic distance between concepts and the 

relative availability of particular information. Since these tasks can be programmed to 

occur as a reader proceeds through a text on a screen, they can be interpreted as 

measuring online reading processes, giving a fuller look at the dynamic nature of a 
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reader’s mental representation. Other online measures include probe recognition, in 

which readers respond to whether a particular word has appeared in the narrative they are 

reading, and naming tasks in which readers name specific words. In naming tasks, the 

critical assumption is that semantic (or relational) priming will increase the speed at 

which readers name the words. The important commonality of these methods is that they 

allow researchers to draw conclusions about the mental representations constructed by 

readers while they read.  

Information content measures (Zwaan & Singer, 2003) allow the text 

comprehension researcher to examine the overall structure and content of a mental 

representation of the text. Think-aloud protocols are included in this category. The 

premise is that as readers read a text and describe their cognition, it allows the researcher 

access to the processes employed in the construction of the mental representation. 

Another online information-content measure is a questioning protocol in which 

participants answer specific queries about aspects of a text while they read it. 

 In contrast to online methods, offline methods provide information on mental 

representations after comprehension has occurred. The simplest of these methods is a 

“free recall” situation in which a participant relates his mental representation of the text 

after he has finished reading. 

 A disconnect between the research methods reviewed here is that virtually all of 

the measures used in the study of text processing are measures designed to support 

inferences about mental representations in an experimental setting which bears little 

resemblance to the large-scale measures of “reading comprehension” mostly 

administered in multiple choice question format. Previous research has demonstrated that 
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the cognitive processes that underlie the creation of a mental representation of a text by a 

reader may differ during encoding and retrieval (Borland & Flammer, 1985; Kaakinen, 

Hyönä & Keenan, 2003; Rawson & Kintsch, 2004). The current research study presented 

an opportunity to provide converging evidence for the claim that readers are sensitive to 

causally connected information and variations in propositional density in texts using an 

existing offline, large-scale measure.  

The past decade has seen the development of new computational tools for 

analyzing text structures. The Coh-Metrix computational tool was developed to produce a 

set of indices of linguistic and discourse representations of a text (McNamara, Louwerse 

& Graesser, 2002; Graesser, McNamara & Louwerse, 2003; Graesser, McNamara, 

Louwerse & Cai, 2004). Indices in Coh-Metrix include complex structural features such 

as causal information, anaphoric references, pronoun ratios, logic operators as well as 

simpler indices such as number of sentences, words, words per sentence and syllables per 

word. This provides a method of quantifying the structural elements of texts that 

contribute to readers' construction of mental representations.  

Brown, Snodgrass, Covington, Herman and Kemper (2007) used Kintsch's (1988, 

1998) idea of propositional density to develop a computer program consisting of a part-

of-speech tagger and readjustment rules to obtain accurate density measures for texts. 

This was subsequently refined into a program called CPIDR 3, (Brown, Snodgrass, 

Kemper, Herman, & Covington, 2008) which analyzes text inputs and calculates the 

propositional density of the input, allowing researchers to identify a propositional density 

of any given selection of text. 
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These types of computational tools are extremely useful for identifying structures 

in texts that contribute to comprehension processes; however they have a limited utility in 

attempting to analyze offline processes within the context of educational assessment. 

Several situational constraints of computational models of text complexity preclude the 

use of computational text analysis tools for understanding processes involved in 

responding to multiple choice items. First, the text base remains available to the test-

taker. Second, in multiple choice assessments, the item stems and distracters become a 

part of the text base that readers must represent. This constraint becomes most 

problematic in light of the fact that a test-taker must respond to the demand in an item 

stem by both identifying the correct and incorrect choices in order to make an appropriate 

response. This response will depend on students’ judgments about the relevance, 

coherence, and truth of the choices individually, but in some cases also relative to one or 

more of the other choices. A method for examining the effect of structural elements in a 

text within the context must include an analysis of both the text and the items. 

Reader Differences 

Psycholinguistic research has traditionally focused on measures of individual 

difference that can be easily measured in a laboratory setting. The most common measure 

of individual difference is that of working memory (WM) span. The role of WM span as 

a measure of individual difference in reading comprehension has been studied from 

multiple perspectives, using multiple operationalizations of WM, sometimes focusing on 

storage (span measures), and sometimes on processing components (Kintsch, Healy, 

Hegarty, Pennington & Salthouse, 1999). Multiple studies comparing good and poor 

comprehenders have been conducted to examine the effect of WM on the development of 
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reading comprehension. (Baddely, Logi, Nimmo-Smith & Brereton, 1985; Gernsbacher, 

Varner & Faust, 1990; Linderholm & Zhao, 2008; Savage, Lavers & Pillay, 2007). Budd, 

Whitney and Turley (1995) demonstrated that low and high span readers may adopt 

different working memory management strategies. These different strategies can affect 

what is learned from texts.  

 Conway and Engle (1994) suggested a refinement of the definition of WM 

capacity from the amount of information that can be held in working memory, to the 

ability to control attention and hold relevant information active, while also dealing with 

irrelevant information. This storage plus processing measure accounts for an individual's 

ability to focus on the important elements of a text while ignoring unimportant elements. 

 Other differences between individuals include “standards of coherence,” which 

encapsulate the reader’s purpose, goal and even motivation to construct meaning from a 

text. There is significant research to indicate that this is a source of variation found in 

reading. For example, van den Broek, Lorch, Linderholm & Gustafson (2001) found that 

readers generated different amounts of inferences depending on whether they were 

reading with a “study” goal versus an “entertainment” goal. Additionally, Linderholm et 

al., (2004) use the Landscape model to try to simulate variations in readers’ standards of 

coherence for a text. Within the context of standardized assessment, it can be assumed 

that there is a constrained set of extra-textual factors that influence comprehension. While 

there may be different levels of motivation, the basic set of goals for reading in an 

assessment context is fairly static. Students read the passages on reading comprehension 

tests because they are being assessed, not for enjoyment. Even with these constraints, 
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there is reason to expect that individuals will vary in their comprehension ability based on 

individual characteristics.  

 Another student-level difference is how much prior knowledge of the subject 

matter presented in any given text is possessed by a reader before reading the passage. 

High prior knowledge about a subject can facilitate comprehension (Bransford & 

Johnson, 1972; Kintsch 1988; Matthews, 1982, McKeown, Beck, Sinatra & Loxterman). 

The opposite is also true where low prior knowledge can hinder comprehension. This can 

be a source of difficulty for students, even if they are good readers. Recht and Leslie, 

(1988) had both low and high ability readers read a text about baseball. Significant 

knowledge of baseball was distributed across both groups. Both groups were given a 

written account of half an inning of a baseball game. In recall tasks, high prior knowledge 

readers outperformed low prior knowledge readers, independent of reading ability. These 

results illustrate the importance of reader’s use of prior knowledge when recalling and 

summarizing a text. This can be problematic in measurement contexts as scores may 

contain information which is related more to a student’s prior knowledge and experience 

than his or her ability at the construct targeted by the assessment (Johnston, 1984). In 

reading comprehension assessments, often test designers will use unfamiliar texts as the 

basis of reading comprehension measures to reduce the effect of student’s prior 

knowledge on the information contained in the score, however, these measures can be 

insufficient (Dochy, Segers & Buehl, 1999; Shapiro, 2004). 

 Laying aside factors associated with individual differences in comprehension, 

individual difference variables are measured on virtually all standardized assessments. 

When considering demographic variables at the student-level, significant differences in 
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performance on standardized tests of reading ability persist between students from 

different ethnic backgrounds (Aud, et al., 2012). The socioeconomic status of a child's 

parents is also a significant predictor of academic achievement (Duncan & Magnuson, 

2011; Reardon, 2011). These types of demographic variables typically serve as the 

foundation of correlational research of student achievement in educational contexts. In 

large-scale state-administered, standards-based assessments, the collection of 

demographic data satisfies Federal reporting requirements and can support policy-making 

decisions at the state, district and school levels. This study took an alternate approach, 

relying on student ability (as measured by a large-scale standardized assessment) as the 

only measure of individual difference included in the analyses. 

Psycholinguistic Research in Reading Comprehension Assessment 

Text-processing research that specifically addresses the comprehension processes 

and mental representations created and used within a standardized assessment context is 

scarce. Several researchers have used findings from text processing research to explore 

the textual components of item difficulty (Gorin, 2005; Gorin & Embretson, 2006), but 

most have focused on broad models of comprehension or decision-making. Kendeou, 

Papadopoulos and Spanoudis (2012) examined the different processing demands in three 

reading comprehension tests: the Woodcock-Johnson Passage Comprehension (WJPC) 

test, a curriculum-based measure (CBM) test and a recall test in early elementary 

students. Their results showed that the three measures of reading comprehension posed 

different processing demands on students, with the WJPC measuring orthographic 

processing ability and working memory-related skills, while the CBM required more skill 

in fluency and vocabulary. These findings, while produced using participants whose 
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reading comprehension skills were still developing, point to the sometimes very different 

psychological processes used in the assessment of reading comprehension.  

Using assessment materials from the SAT, Freedle and Kostin (1991) 

demonstrated significant correlations between text-level variables and item difficulty on 

multiple choice items of reading comprehension. Their methods included analyzing 110 

“main idea” reading comprehension items from 110 different expository passages using 

item response theory (IRT) to compute item difficulties, and correlating those difficulties 

with text-level variables. They found significant correlations between item difficulty and 

the use of negations (e.g., no, never etc.), referentials, or anaphoric references (e.g., his, 

hers, etc.), and a measure of coherence of text passages. This suggests that text-level 

features do have an effect on the processes involved in responding to reading 

comprehension items. Freedle (1997) also provides a review of the effects of what he 

terms “rhetorical organizers” in expository science texts. These rhetorical organizers 

include four passage structures: “list/describe, causal, compare, problem/solution, and 

two types of comparatives: comparative-adversative and comparative-alternative” (p. 

403). Freedle divided test-takers into five quintiles and analyzed the correlations between 

the identified rhetorical organizers and the item difficulty for each ability group. 

List/describe type passages and their associated items were significantly correlated with 

lower item difficulty. Additionally, comparative type passages and their associated 

showed significantly different correlations to item difficulty for low and high ability test-

takers. (Freedle & Kostin, 1991).  

 Freedle (1997) analyzed a sub-set of SAT main idea items from passages coded 

for textual features associated with causal organization. These relatively shallow, text-
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level, causally oriented text features (i.e., main idea location within a passage, number of 

inter-clausal referentials, number of question-sentence constructions) were significantly 

correlated with item difficulty. According to Freedle (1997), the correlations by ability 

groups in his analysis suggested that low-ability readers were less sensitive to the 

causally-related variables: 

What is interesting about this subsample of items is that it analyzes the source of 

variance previously unaddressed by most researchers: It addresses what makes 

some causally organized passages more difficult in locating central (main idea) 

information and what makes other causally organized passages easier in locating 

such information. In other words we have taken previously ignored "error" 

variance and submitted it to a more analytic analysis. (p. 413) 

He further suggests a logical extension of this inquiry using Trabasso’s causal theory as 

the basis for generating a set of causal-item variables that may account for the variation 

in the strength of causal connections within a passage. This approach would presumably 

help to explain the differences in difficulty of individual items that were bound to 

information from the causal chain in the passage. This proposal uses Trabasso's causal 

theory (Trabasso et al., 1984; Trabasso & Sperry, 1985; Trabasso & van den Broek, 

1985) in order to generate just such a set of causal item variables appropriate given the 

context of a large-scale assessment of reading comprehension.  

Large Scale Assessment Analyses 

From a psychometric perspective, using item response theory (IRT) or related 

models, item difficulty is an item parameter used to model an item response function that 

gives the probability of a particular student correctly answering an individual item. In 
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large scale, multiple choice assessments, items are dichotomous (scored as either correct 

or incorrect) even though there may be more than two choices. These analyses are 

problematic for fully investigating how reader’s relative judgments about the coherence 

or relevance of a finite set of choices may be related to the difficulty of individual items. 

Students are required to respond to multiple choice questions that have a set of choices 

pre-defined by the constructor of the assessment. One choice is correct. The other choices 

are incorrect. However, in reading comprehension assessments some wrong choices may 

be more or less attractive to readers based on featural overlap or causal connection to the 

text-base. Wrong answers that feature a range of different student response selections that 

are related to text-related dimensions can be an important source of information about the 

cognitive processes that underlie comprehension. 

Validity is a concept that describes the judgments of how and why decisions are 

made (Messick, 1989). In educational assessment, validity refers to the level or quality at 

which a measure produces information to inform inferences about student characteristics 

such as ability. In order to show evidence of validity for inferences based on assessment 

scores, items must yield information about reader differences on a construct. In typical 

language arts assessments, the “thing” being measured is called, in sum, “reading 

comprehension.” This is referred to in IRT as a person-level or student-level parameter 

and is conceived as a latent trait model. Large scale test development in many 

educational and clinical fields is dependent on the use of IRT for item construction, 

piloting and analysis (Embretson & Reise, 2000). In an IRT analysis, each individual 

student has a level of ability (as measured by the assessment being used) which predicts 

his or her likelihood of selecting a correct response to individual items. This propensity 
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toward selecting correct answers, in aggregation across a variety of item types indicates a 

certain level of ability at reading comprehension (Haladyna & Downing, 1989). Here, 

several problems for the construction of reliable, valid inferences about student ability at 

reading comprehension become apparent. First, from an empirical perspective, a 

satisfactory, operational definition of “reading comprehension” is hardly a settled matter, 

yet as a society, we are already assessing “reading comprehension” as a part of 

educational policy using a latent trait model. In standards-based assessments, test 

blueprints are used to design assessments based on the standards for whatever construct is 

being measured. While these tests are described as measuring “reading comprehension” 

the test specifications derived from academic standards may or may not relate to the 

cognition that underlies the processes of reading comprehension. If readers of different 

ability levels are consistently more or less sensitive to certain types of structural or 

rhetorical features in texts and different item types, comparisons between low and high 

ability readers, even when assessed on the same measure, become difficult. While it is 

expected that the manner in which readers of high and low ability will interact with a text 

is going to differ, what is less understood is how that interaction may affect the 

estimation of the latent trait on a large scale assessment, particularly those assessments 

that are designed to be most precise around a proficiency cut score. Second, IRT and 

related models assume local independence of items. In reading comprehension tests, from 

a psycholinguistic perspective, this is a problematic assumption. The structure of large 

scale, multiple choice measures of reading comprehension use groups of items which 

refer to specific passages of texts. The independence of these items must necessarily be 

called into question as they refer specifically to text that is integral to, but outside the 
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structure of, the individual items. Third, neither can the texts be assumed to be a part of 

the latent trait being measured by the assessment, but rather represent a potential third 

source of variation in student responses. Last, the independence of items must be called 

into question in light of the literature examining the effect of relevance instructions on 

comprehension. The effect of asking specific questions or providing relevance 

instructions before or during the process of reading a text has been shown to affect the 

mental representation of the information in the text (Lewis & Mensink, 2012; 

McCrudden & Schraw, 2005; Rothkopf & Billington, 1979; van den Broek, et al., 2001).  

Item response theory (IRT) is a method of analysis applied to educational 

measures and other instruments. IRT models the probability of a correct response for a 

student of a given ability level (Furr & Bacharach, 2008). A student's probability of a 

correct response on a reading comprehension test is a function of θ, which denotes the 

ability scale being assessed by the measure as designed by the test specifications. 

Students that have high ability in reading comprehension, as measured by the test should 

have higher probabilities of answering items correctly than students with lower ability 

(Drasgow & Hulin, 1990). In traditional IRT models used for criterion-referenced 

measures of reading comprehension, the sole person-level parameter is individual ability. 

Item-level parameters include difficulty and discrimination and in multiple choice 

assessments, an asymptotic minimum. IRT analyses predict the likelihood of a correct 

response given these parameters. 

 One simple method of analysis related to IRT is the "Rasch Model" named for 

Danish mathematician Georg Rasch. In a Rasch model of educational test data, the 

probability of a specific correct or incorrect response to an item by a student is modeled 
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as a function of both person and item parameters. The person parameter describes ability 

of the person being tested, and the item parameter pertains to the difficulty of items 

(Rasch, 1960; 1961; 1980). The Rasch model, also known as a one-parameter model, in 

comparison to one, two or three parameter IRT models, uses only difficulty as an item-

parameter. 

An emerging body of research has described the use of cognitive models as a 

source of information to aid in the construction of items which contribute information to 

scores which are used as the sources of valid inferences about student performance 

(Embretson & Wetzel, 1987; Gorin, 2005; Gorin & Embretson, 2006; Messick, 1995). 

Under this framework, item features can be found to contribute to processing difficulty. 

Generally these studies have focused on testing the effect of item features on observed 

item difficulties and have shown that salient textual features in both texts and items 

contribute information to comprehension scores. 
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Chapter III: The Current Research Study 

 The current research study had three aims. Common to all three aims was the 

need to use a sufficiently large sample of student participants and their response data 

from a single, standardized measure. While the bulk of text processing research relies on 

randomly assigned “small-scale,” empirical manipulations of texts using undergraduate 

college students, this study offered a unique opportunity to use data from a population 

more normally distributed on reading comprehension ability to investigate the interaction 

between text and reader on the products of comprehension.  

The first aim was to conduct an investigation of the relationship between causal 

structures in narrative texts used in a "real world," multiple choice item-based measure of 

reading comprehension and calculations of item difficulty. The second aim was to 

conduct an investigation of the relationship between the propositional density of texts and 

item stems on student item response selection on a multiple choice item-based measure of 

reading comprehension as indicated by patterns of correct and incorrect item responses 

and calculations of item difficulty. The third aim was to investigate whether the causal 

networks or propositional densities of texts and items are more correlated with item 

difficulty than the traditional indices of cognitive demand used by test writers.  

 To address these questions, a data set was used from the Minnesota 

Comprehensive Assessment-II (MCA-II) in Language Arts from Grade 10 in 2006. The 

data included: Form One of the MCA-II, the texts used in the test booklet, the items used 

for each text, student-level responses for each item, raw scores, scale scores, general 

demographic variables for each student and an item map which indexed the level of 

cognitive demand for each item on the assessment.  
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 For each of the selected texts on the assessment, a causal chain was constructed 

using the same methodology as Trabasso and Sperry (1985). The causal chains for the 

narrative passages allowed for the construction of variables related to the "target 

statement" of individual items. The target statement was the sentence or contiguous pair 

of sentences in the text which contained the information needed to answer correctly the 

demand made by individual item stems. Each target statement then had two causally-

related variables constructed by use of the causal network for the entire text: (a) the direct 

number of causal connections between the target statement and other statements in the 

passage, (b) a dichotomous code for whether the target statement was located on the 

"main chain" of the text. Both target statements and stems were coded for propositional 

density. Last, items were coded based on whether a distracter (incorrect choice) for a 

particular item contained true information from the main chain of the causal network of 

the relevant passage. This final coding was designed to investigate if items might be more 

difficult when they contain relevant true information in one of the incorrect response 

choices. Additionally, for each item, codes were generated for the "level of cognitive 

demand" identified by the test specifications provided by the State of Minnesota (2006). 

Item stems were also coded based on whether they did or did not demand an inference 

related to causality, metaphor or authorial intent from the reader in order to select a 

response. The direction of necessary causal inferences (either forwards or backwards) 

was coded for appropriate items. A more detailed description of the production of the 

causal networks for the selected passages and the item codes is provided in Chapter IV. 

 For each student in the data set, a raw score and scale score were included. Each 

student also was coded according to gender, ethnicity, status as an English language 
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learner, status as receiving testing accommodations, and federally defined eligibility for 

free or reduced price lunch, though this information was ultimately not used in the 

analyses.  

Specific Hypotheses 

 Under the first aim, to investigate the relation between causal connectivity and 

student ability in the context of large scale multiple choice assessment, it was predicted 

that items which referred to specific statements in the text that were highly connected to 

other statements by causal relationships would show lower values for item difficulty for 

all students except those at the lowest ability level. Since these highly “causally-loaded” 

items should refer to well-connected portions of the causal chain in the text base, students 

responding to the items should have easier access to relevant information from their 

mental representations (Trabasso & Sperry, 1985). This was predicted to result in a 

negative correlation between causal connectedness and item difficulty for students who 

have met or exceeded the proficiency standards being assessed. No relationship was 

predicted between causal connectivity and item difficulty for the lowest ability students. 

An additional prediction related to the causal structure found in a subset of the items was: 

for those items which feature a distracter that contains true information from a “main 

chain” statement from the text, that is not being referred to by the question stem, students 

of higher ability levels should find the item more difficult than items which do not feature 

causally-loaded distracters presumably because they will find true, highly connected 

information to have a high degree of salience or seductiveness when choosing among the 

options on the multiple choice items.  
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Under the second aim of the study, to conduct an investigation of the relationship 

between the propositional density of texts and item stems on student item response 

selection, it was predicted that as student ability increased, the effect of propositional 

density on item difficulty should decrease. For high ability students, propositionally 

dense stems and target statements should not pose a particular impediment to 

comprehension. For low ability students, highly dense stems and targets should be 

positively correlated with item difficulty. The complimentary purposes of the selection of 

causal connectivity and propositional density as sources of text-level variables were to 

include discourse analysis methodologies from different levels of analysis of text 

comprehension. Causal connectivity represents information traditionally understood to be 

processed at the level of a situation model of the text. Propositional density can be seen 

as a level of analysis closer to the text base. It was predicted that effects of the text base 

would be more closely related to item difficulty for students who were lower ability 

readers. Similarly, it was predicted that item difficulty for students with greater reading 

ability would be more related to the causal-related variables constructed at the situation 

model level. 

Under the third aim, to investigate the strength of the relationship between 

traditional indices of level of cognitive demand and the current approach which drew on a 

theoretical approach grounded in empirical psycholinguistic research, it was predicted 

that the levels of cognitive demand assigned to items by MDE would be weakly 

correlated with item difficulty, but that measures of causal connectivity and propositional 

density would be more highly correlated with item difficulty. Additionally, items were 

coded by the actual type of demand made on the student. Five categories were used: (a) 
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vocabulary, (b) summary, (c) metaphor, (d) causal or (e) authorial intent. Items associated 

with the vocabulary and summary categories were considered “non-inferential,” as they 

were not designed to require the reader to make an inference to respond to the demand 

made by the item stem. Items that were categorized as metaphor, causal or authorial 

intent were considered inferential. These items required the reader to make an inference 

about meaning, causation or the author’s intent in order to respond to the demand made 

by the item stem. The item stem categories that were used represented an attempt to 

analyze items by the rhetorical structure of the demand, rather than assignment to a 

“level” as prescribed by a taxonomical approach. It was predicted that inferential items 

would be more difficult than non-inferential items for students of the lower ability 

groups, and that there would not be an effect of whether an item demanded an inference 

on item difficulties for the higher ability groups, presumably because they are able to 

generate more relevant, correct inferences using fewer cognitive resources. 
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Chapter IV: Method 

Participants 

 There were 4,285 Grade 10 students in Minnesota who took the Form One version 

of the MCA-II reading comprehension test in 2006. There were 2,149 males (50.1%) and 

2,136 females (49.9%). Five hundred and six students (11.8%) were identified as 

receiving special education services. According to student self-report, there were 3,595 

white students (83.9%), 282 black students (6.6 %), 191 Asian or Pacific Islander 

students (4.5%), 121 Hispanic students (2.8%) and 88 American Indian or Alaskan 

Native students (2%). Eight students did not report a race or ethnicity. There were 1,059 

students (24.7%) who were eligible for free or reduced price lunch programs. Students 

who took Form One of the MCA-II, Grade 10, reading comprehension test were 

geographically distributed across the state of Minnesota with a mixture of urban, 

suburban and rural school districts. The geographic distribution of students in the sample 

was representative of the distribution of the entire population of Grade 10 students in 

Minnesota in 2006. (G. Henly, personal communication, June 15, 2011).  

Materials 

 In order to examine the relationship between text and item characteristics and 

item difficulty among students of different levels of ability, data from the MCA-II Grade 

10 Reading Comprehension test (Form One) administered in the spring of 2006 was used. 

A data set provided by MDE included individual characteristics, including, gender, 

special education identification, ethnicity and eligibility for free and reduced price lunch. 

Also included were student-level raw scores, scale scores and actual, individual responses 

to each item on the exam. MDE also provided the test booklet, containing the texts used 
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and the items included on Form One. The Form One test consisted of 10 passages: one 

fiction passage, one poem, and eight non-fiction passages. The poem and its associated 

questions were excluded from this analysis due to the atypical rhetorical structure of the 

passage. Three non-fiction passages and their associated items were also excluded from 

the analyses. These three excluded passages were highly expository and did not contain 

causally connected, narrative structures. As a result, they were judged to be too dissimilar 

in form and structure from the narrative passages to produce a causal network. One of the 

three excluded passages focused on a scientific explanation of a weather-related 

phenomenon. The second excluded passage was an informational article about the 

benefits of different types of exercise. The third was an exposition on the myriad health 

and safety-related dangers of lighting candles in the workplace. These three passages, 

along with the poem lacked a coherent causal structure, and instead presented 

information in a list-like prose style. 

Two constructed response items were also excluded from this analysis due to 

being entirely different in structure and demand from the multiple choice items. After 

exclusions, there were 48 multiple choice questions associated with the remaining six 

narrative passages, ranging from 6 to 10 questions per passage. Each question had one 

correct answer and 3 distracters.  

Of the six passages used in this analysis, the first was a fictitious, published short 

story. The second passage described a figure from the labor movement and his 

accomplishments. The third passage described the childhood of an American president 

and the effect of his experiences on the conservation policies he promoted during his term 

in office. The fourth passage described the background and career accomplishments of an 
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immigrant to the United States who invented electronic devices in the twentieth century. 

The fifth passage described the invention of a medical device. The sixth passage was a 

first-person reflection on the author’s experience of overcoming racial prejudices and 

obtaining a pilot’s license. The State of Minnesota required a non-disclosure agreement 

to be signed in order to view the actual passages and items, so these are not reproduced 

here. The numbers of sentences in a passage ranged from 36 to 72. The number of words 

in each selected passage ranged from 615 to 872. The numbers of words and sentences 

for each passage are presented in Table 1. 

 

Table 1. Number of Sentences and Words in Selected Passages 

Passage Words Sentences 

   1 865 72 

   2 812 52 

   3 789 39 

   4 777 43 

   5 615 36 

   6 872 45 

 

 According to the test specifications published by the Minnesota Department of 

Education (2006; 2009) the second generation of the MCA-II in language arts is designed 

to measure student "achievement with regard to the Minnesota K-12 Academic 

Standards" (2009, p. 3). In order to categorize assessment items, the state of Minnesota 

(2009) uses an adaptation of Bloom, et al.’s (1956) six-level Taxonomy of cognitive 
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objectives which preserves the first level, "knowledge," renames the second level 

"understanding" instead of "comprehension" and collapses the four top levels into one 

category. These cognitive levels are labeled: 

 

 Level A: consists of knowledge 

 Level B: consists of understanding 

 Level C: consists of application, analysis, synthesis and evaluation. (p. 5) 

 

 The targets set by MDE (2006) for the Grade 10 Reading comprehension test call 

for 5-8 passages, 4-6 of which are non-fiction, 6-8 "vocabulary" items, 24-39 

"comprehension" items and 9-18 "literature" items for a total of approximately 59 

multiple choice items. The actual number of items on the 2006, Form One, Grade 10 

version of the MCA-II was 89 and exceeded these targets. The 10 passages included in 

Form One also exceeded the targets set by the test specifications.  

Procedure 

 For this study, both the 6 narrative passages and the 48 individual items and their 

associated correct responses and distracters were coded on several factors. A description 

of the coding schemes for each is provided.  

 Passage-level coding. For each of the six narrative passages, a model of the 

causal relationships in the text was constructed. Using the same methodology as Trabasso 

and Sperry (1985), further described by Trabasso, et al. (1989), each of the six selected 

narrative passages was coded using a causal network analysis. Causal relationships based 

on Mackie's (1980) criteria of necessity, a condition in which one concept is dependent 
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on another concept (i.e., if X, then Y), were identified using Trabasso and Sperry's 

counterfactual testing of the necessity of a statement to another statement in the narrative. 

The counterfactual test can be described as a logical judgment in the following form: “If 

X had not happened in the narrative, then Y would not have happened.” If this statement 

was judged to be true, it indicated a decision that X is a causal antecedent of Y. This 

counterfactual test has been shown to be a reliable method of identification of causal 

relationships in narratives (Trabasso & Sperry, 1985, Trabasso & van den Broek, 1985, 

Trabasso, van den Broek & Liu, 1988). Pairs of statements from the narrative passages 

were assembled into causal networks. Statements from the texts linked to the selected 

items formed nodes on the causal network of a story. The main chain of the passage was 

identified as the longest set of direct relations running through the narrative. The coding 

of causal networks and chains provided two variables of significant importance. First, for 

each statement in one of the texts, the number of direct causal connections to other 

statements, based on criteria of necessity and sufficiency, could be evaluated. Second, 

each statement then received a dichotomous code for whether it was a part of the "main" 

causal chain that runs from the beginning to the end of the narrative.  

The main causal chain was identified, again using Trabasso and Sperry’s (1985) 

methods. This method relied on the definitions of the opening, closing and continuance of 

events provided by Trabasso et al. (1984). The opening of a causal chain consists of 

statements that introduce protagonists and settings, or initiate the events in a narrative. 

The closing of a chain includes information about the end result of a set of events or the 

fulfillment of a goal. Continuing statements within a chain serve as connections between 

successive attempts to meet a goal, intervening obstacles, and changes of setting or 
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introduction of other characters. When “main” causal chains (the longest set of direct 

relationships between statements, running from the beginning to the end of the passage) 

were identified for the selected passages, a second variable for each statement was 

generated: whether or not the statement was part of the main chain. These variables are of 

considerable interest since they predict both the immediate and delayed recall of the 

salient events in the text (Trabasso & van den Broek, 1985; van den Broek et al., 1996).  

 Item-level coding. Each item was categorized by the level of cognitive difficulty 

used by MDE. Additionally both item stems and choices are analyzed. An item stem 

makes a specific demand on the participant. The participant must, in turn, make a 

selection from the choices to find the best response to the demand presented by the stem 

(Haladyna & Downing, 1989). From each item stem, a correct target statement from the 

relevant passage was identified. The target statement for each item was either a clause in 

a sentence, an entire sentence or a contiguous pair of sentences from the text. Six target 

statements contained contiguous pairs of sentences. For the six items which referenced 

contiguous sentences as their target in the text, information needed to respond to the item 

demand was included in both sentences. In each case, the sentences were treated as a 

single statement for the purpose of creating the causal network. Each target statement 

contains the information needed to answer the demand of the item stem. This 

identification of a target statement serves as a way to index the location of the focus of 

the item within the causal chain of the passage that should be accessed to answer the 

multiple choice question correctly. For each item, the target statement produced two 

variables: (a) a count of the number of direct causal connections from the target statement 

to other statements in the causal network and (b) a dichotomous code for whether the 
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target statement for the item was or was not on the main chain. The correct answer to the 

item was directly parallel to the target statement. The incorrect choices, however, had 

differing degrees of overlap with both the causal location and semantic content in the 

target statement. These incorrect choices provide an opportunity to analyze the 

“attractiveness” of distracters. Items were coded dichotomously as to whether a distracter 

contained true information that referred to another main chain statement from the relevant 

passage. While these distracters did not meet the demand of the stem, they could present 

an attractive choice to students, and were consistent with the first aim of the current 

study, to investigate the effects of causal features in items on difficulty among students of 

different levels of ability. 

 Items were categorized by the type of demand made on the test-taker. There were 

five types of items described by the coding scheme: (a) vocabulary, (b) summary, (c) 

metaphor, (d) causal and (e) authorial intent. Vocabulary items focused on word 

definitions for terms found in the relevant passage. These items were specifically written 

to test word knowledge; the target terms were underlined in the texts given to students in 

the test booklets. Summary items required students to choose the best summary of a 

specific event or series of events in the passage. These items frequently referred to 

specific paragraphs in the text which were numbered so that students could refer to them 

easily. Both the vocabulary and summary items were coded as “non-inferential”. Non 

inferential items primarily required readers to define words, recall specific facts from the 

text, or identify appropriate summary statements for portions of the text. Metaphor items 

required students to identify an explanation for a metaphor found in the text. These items 

also referred by paragraph number to specific parts of the text. Causal items required 
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students to make an inference about an event or series of events in the text. These items 

were further coded as requiring either a forward causal inference (where the reader must 

make a prediction), or a backward causal inference (where the reader identifies the cause 

of an event). Authorial intent items asked students to describe some element of the 

author’s intent for a relevant passage. These items mostly focused on identifying the most 

likely intention of the author related to a specific event or argument in the text. Metaphor, 

causal and authorial intent items were categorized as “inferential items,” since they 

required students to make active inferences in order to answer the demand of the item 

stem. It was predicted that metaphor, causal and authorial intent items would be more 

difficult for all students than non-inferential items, but most difficult for those students 

with low ability. A cross-tabulation of the item type categories and the Levels of 

Cognitive Demand provided by MDE is shown in Table 2. 

 

Table 2: Number of Items for Item Type and Levels of Cognitive Demand 

 

  

Non-inferential 

  

Inferential 

 

 

 

Vocabulary 

 

Summary 

  

Metaphor 

 

Causal 

 

Authorial Intent 

 

Total 

 

 

Level A 

 

4 

 

3 

  

0 

 

4 

 

0 

 

11 

 

Level B 

 

2 

 

10 

  

2 

 

15 

 

3 

 

32 

 

Level C 

 

0 

 

1 

  

0 

 

2 

 

2 

 

5 

 

Total 

 

6 

 

14 

  

2 

 

21 

 

5 

 

48 
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 Additionally, each item stem and each relevant target statement was coded for its 

propositional density using the computational tool, CPIDR 3 (Brown, et al., 2008). This 

tool was used to calculate the number of words and propositions in item stem and each 

target statement based on identification of part-of-speech tags. The number of identified 

propositions was divided by the number of words in the selected text to produce a 

quotient, propositional density, which provides a basic index of text-based complexity for 

a particular statement in either the text base or the item stem.  

A Rasch (1960/1980) model was used to compute estimates of logit difficulties for 

the dichotomously scored items provided by MDE. A logit is the unit used to express 

difficulty in Rasch modeling, rather than percentages correct. Rasch models arbitrarily set 

the mean item difficulty at a value of zero so that positive logit values indicate items that 

are above the mean difficulty of items included in the analysis while negative values are 

less difficult than the mean. Rasch analyses were performed for several groupings of 

students for each of the 48 items included in the sample. The model used takes the 

following form: 

���� =
1

1 + �	
��	��
 

where b is the difficulty parameter and e is the base of the natural logarithm and θ is the 

ability level of the student; both are estimated from the data and neither is constrained a 

priori. A Rasch model assumes that the probability of an individual obtaining a correct 

answer on a given item is a function of the interaction between the difficulty of the item, 

and the ability of the person (Embretson & Reise, 2000). For each item, a difficulty 

calculation was produced in order to assess whether there were differences in item 
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difficulty based on the features of texts and items discussed previously between any of 

the ability groups identified by MDE.  

Because several of the predictions under the first two aims of this study relied on 

identifying differences in item difficulty for students of different ability levels, seven 

Rasch analyses were completed. Since all students in the total sample were at the same 

grade level, and significantly different ability levels were not expected, the approach 

described for these analyses is consistent with Slinde and Linn’s (1979) investigation into 

the adequacy of Rasch modeling among ability groups to describe data when the sample 

of persons is not widely distributed on the latent trait being measured. The first Rasch 

analysis included all 4,285 students. Students were split into two groups, one group 

comprised of students who met the standards of proficiency on the measure, and one 

group of students who did not meet the standards. This division was based on scale score 

on the total assessment, not just the selected items. MDE further categorizes proficient 

students into two groups: “meets” and “exceeds” the standards, and non-proficient 

students into two categories: “partially meets” and “does not meet” the standards. Four 

additional analyses were completed based on the categories of proficiency defined by 

MDE; one for each of the four proficiency groups. These six additional Rasch models 

performed on groups divided by level of proficiency allowed for comparisons of item 

difficulty based on factors related to text-level variables (e.g. causal connectedness, 

propositional density) and a student-level variable: ability.  
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Chapter V: Results 

 In this chapter, two stages of analysis are presented. The first aim of the current 

study was to investigate the effect of causal structures on item difficulty in a large-scale 

multiple choice test. The second aim was to conduct an investigation of the relationship 

between the propositional density of texts and item stems on item difficulty. The third 

aim was to investigate whether the causal networks or propositional densities of texts and 

items are more correlated with item difficulty than traditional indices of cognitive 

demand. For each of the three aims, it was necessary to use a large sample of students 

taking the same test in order to compute item difficulty values using models that grouped 

students by ability level.  

Analysis Approach 

In order to investigate the relationship between the variables associated with the 

three aims and item difficulty, the first stage of analysis used Rasch modeling to produce 

item difficulty values for each of the selected 48 items using a series of different subsets 

of students from the total sample. Grouping of students for the individual Rasch models 

was done by dividing students based on their ability level as specified by the scale score 

categories of proficiency provided by MDE. In the second stage of the analyses, the logit 

item difficulty estimate values produced by the Rasch models were used as dependent 

variables in a series of analyses designed to investigate the relationship between item 

difficulty and item characteristics for students at different proficiency levels. Item 

characteristic variables were selected to capture the causal structures of the items and 

distracters, the propositional density values of item stems and target statements, and the 

items’ levels and categories of cognitive demand. All of these are viewed as determining 
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the item difficulty values obtained from the first stage of the analysis. Since each Rasch 

model was based on the responses of a different set of students, the item difficulty values 

can be used to make comparisons between the relative difficulties of items for students of 

differing levels of ability. 

First Stage Analyses 

In the first stage, seven Rasch (1960/1980) model analyses were conducted using 

jMetrik (Meyer, 2011), which is a free and open-source statistical software package, to 

compute item difficulty values for the 48 selected items. Because student grouping was 

done based on scale scores provided by MDE on the entire Form One assessment, it was 

necessary to ensure that the 48 selected items did not differ significantly from the larger 

set of items from which they were drawn. In order to make this comparison, a 

correlational analysis was performed between raw scores for all items used to calculate 

scale scores, raw scores on the reduced set of 48 items used in this research study, and the 

scale scores which were provided by MDE with the original data set. All correlations 

were significant (p < .001). This analysis indicates that the sample of 48 items was 

strongly related to the entire assessment from which the sample of items was drawn. The 

results of these analyses are presented in Table 3. 
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Table 3: Correlations between Selected Items, All Items and Scale Scores. 

  

Correlations 

  

All Items 

 

Selected Items 

 

Scale Scores 

 

All Items 

 

-- 

 

.97 

 

.91 

Selected Items .97 -- .86 

Scale Scores .91 .86 -- 

 

 

The Rasch models. In the first Rasch model, all 4,285 students in the sample 

were included. Students were then divided into proficiency groups based on the scale 

scores provided by MDE. The second and third models split students based on the scale 

score used as the proficiency mark for the MCA-II. Scale scores used for grouping 

students were calculated by MDE and represent student scores on the entire assessment, 

including the additional multiple choice questions excluded from this analysis and from 

two constructed response items, also excluded from this analysis. Scale scores ranged 

from 1001 to 1099 (M = 1053.74, SD = 14.76). Student scoring above 1050 were 

categorized as proficient, while students scoring 1049 or below were categorized as not 

proficient. Proficiency groups were split further for the fourth through seventh Rasch 

models. The four groups were also defined by the proficiency categories established by 

MDE which are based on the students’ scale scores on the MCA-II. The four groups 

were: “does not meet,” “partially meets,” “meets,” and “exceeds” the proficiency 

requirement for Grade 10 language arts. The categories of proficiency level defined by 
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the scale scores provided by MDE, number of students in each group and the percentages 

of each group as a part of the total sample are shown in Table 4. 

The ranges of logit difficulties for the 48 selected items are presented with the 

Rasch reliability coefficient for each model in Table 5. Increasingly positive values 

indicate increasingly difficult items; decreasing, negative values indicate items with less 

difficulty. The higher proficiency groups show larger ranges of item difficulty in the 48 

selected items in the sample than are seen in the lower proficiency groups.  

 

Table 4: Scale Score Ranges, Number and Percentage of Total Sample by Rasch 

Model.  

 

Rasch Model 

 

Scale Score Range 

 

N 

 

% 

 

Model 1-All Students 

 

1001-1099 

 

4,285 

 

100 

 

Model 2-Proficient Students 

 

1050-1099 

 

2,771 

 

64.6 

 

Model 3-Non-proficient Students 

 

1001-1049 

 

1,514 

 

35.4 

 

Model-4-Exceeds Proficiency 

 

1062-1099 

 

1,389 

 

32.4 

 

Model 5-MeetsProficiency 

 

1050-1062 

 

1,382 

 

32.2 

 

Model 6-Partially Meets Proficiency 

 

1040-1049 

 

837 

 

19.5 

 

Model 7-Does Not Meet Proficiency 

 

1001-1039 

 

677 

 

15.8 
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Table 5: Logit Difficulties, Standard Deviations and Rasch Reliability Coefficients. 

 

 

Rasch Model 

 

Min. 

Difficulty 

 

Max. 

Difficulty 

 

 

SD 

 

 

Reliability 

 

Model 1-All Students 

 

-1.800 

 

1.416 

 

.802 

 

.997 

 

Model 2-Proficient Students 

 

-2.105 

 

2.155 

 

1.120 

 

.992 

 

Model 3-Non-proficient Students 

 

-1.750 

 

1.040 

 

.647 

 

.995 

 

Model-4-Exceeds Proficiency 

 

-2.624 

 

2.703 

 

1.325 

 

.984 

 

Model 5-MeetsProficiency 

 

-2.118 

 

1.761 

 

1.047 

 

.993 

 

Model 6-Partially Meets Proficiency 

 

-2.071 

 

1.301 

 

.833 

 

.990 

 

Model 7-Does Not Meet Proficiency 

 

-1.576 

 

.829 

 

.526 

 

.978 

 

 

A correlational analysis, conducted to check for expected positive relationships 

between item difficulty estimates produced by the different Rasch models, found 

significant correlations between item difficulties for the models that contained all the 

students, and the models representative of only the proficient students and only the non-

proficient students. The correlations between item difficulties in these three models are 

presented in Table 6. All correlations were significant (p < .001). 
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Table 6: Item Difficulty Correlations between Three Rasch Models. 

  

Rasch Model 

 

Rasch Model 

 

Model 1 

 

Model 2 

 

Model 3 

 

Model 1 - All 

 

-- 

 

.953 

 

.981 

 

Model 2 – Non Proficient 

 

.953 

 

-- 

 

.894 

 

Model 3 - Proficient 

 

.981 

 

.894 

 

-- 

 

A similar correlational analysis was conducted using the further stratified groupings 

delineated by MDE. All expected positive correlations between item difficulties for the 

four stratified models were significant were significant (p < .001). These correlations are 

presented in Table 7. 

 

Table 7: Item Difficulty Correlations between Four Rasch Models. 

 

  

Rasch Model 

 

 

 

Model 4 

 

Model 5 

 

Model 6 

 

Model 7 

 

Model 4 - Exceeds 

 

-- 

 

.959 

 

.873 

 

.681 

 

Model 5 - Meets 

 

.959 

 

-- 

 

.958 

 

.785 

 

Model 6 – Partially Meets 

 

.873 

 

.958 

 

-- 

 

.883 

 

Model 7 – Does Not Meet 

 

.681 

 

.785 

 

.883 

 

-- 

 

 

While item difficulty was correlated across all four proficiency group models, the 

correlation was highest between item difficulties for groups of similar proficiency, for 
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example, between Model 5, containing the “meets” proficiency group and Model 4, 

containing the the “exceeds” proficiency group (Pearson R = .959, p < .001), and lowest 

between those of most discrepant proficiency, e.g. Model 7, “does not meet” and Model 

4, “exceeds” proficiency (Pearson R = .681, p < .001). 

Second Stage Analyses 

In the second stage of analyses, the relationship between the variables related to 

the three aims of the current research study and item difficulty was investigated. The 

forty-eight items included in the analyses were those questions that were identified as 

being associated with one of the six selected narrative passages on the Form One, Grade 

10, MCA-II in 2006. The current research study had three aims all related to investigating 

the relationship between item characteristics and item difficulty for students of different 

levels of ability. One of the aims was to compare typical indices of cognitive demand 

used by test constructors to the coding of items based on their specific, cognitive item 

demand characteristics. In the following analysis, two basic categories of items are 

shown. Non-inferential items do not require an inference from the reader in order to 

respond to the demand from the stem. The non-inferential items either focus on 

vocabulary or the choice of an appropriate summary statement to describe a specific 

section (usually a paragraph) of the text. Inferential items require the reader to make an 

inference in order to respond to the demand made in the item stem. Inferential items are 

categorized as metaphorical, causal or authorial intent. The item codes, frequencies, and 

percentages of the total sample of 48 items are summarized in Table 8. 
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Table 8: Item Characteristic Categories. 

 

Item Category 

 

Count 

 

% 

 

Non-inferential 

   Vocabulary 

   Summary 

Total 

 

 

6 

14 

20 

 

 

12.5 

29.1 

41.6 

 

Inferential 

   Metaphorical 

   Causal 

   Authorial Intent 

Total 

 

 

2 

21 

5 

28 

 

 

4.1 

43.9 

10.4 

58.4 

 

 

Item demand characteristics. One aim of this research study was to compare 

traditional methods of describing the cognitive complexity of items with the coding 

scheme developed as a part of this project. In order to investigate the relationship 

between indices of cognitive demand used by MDE, the coding scheme developed as a 

part of this research, and item difficulty for students of varying levels of ability, a 

univariate analysis of variance (ANOVA) was used to test for significant differences in 

item difficulties by item type within each of the Rasch models from the first stage of the 

analyses. These item type codes represented an organization of items by demand 

structure rather than on a model of cognitive complexity from Bloom’s (1956) taxonomy. 

It was predicted that item type would be more related to difficulty than the more 

traditional indices of cognitive complexity. There were five types of items: (a) 

vocabulary, (b) summary, (c) metaphor, (d) causal and (e) authorial intent. No significant 

effect of item type on difficulty was seen in any of the proficiency groups. Results are 

presented in Table 9. Only in Model 7, which contained the subset of students in the 
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lowest proficiency group in the four-way split by ability level, did the effect of item type 

on item difficulty approach significance; p = .057.  

Table 9: ANOVAs – Differences in Item Difficulty by Item Type. 

 

Rasch Model 

 

SS 

 

df 

 

MS 

 

F 

 

p 

 

Model 1-All Students 

    Between Item types 

    Within Item types 

    Total 

 

 

2.019 

29.007 

31.025 

 

 

4 

43 

47 

 

 

.505 

.675 

 

 

.748 

 

 

 

.565 

 

Model 2-Proficient Students 

    Between Item types 

    Within Item types 

    Total 

 

 

2.517 

56.453 

58.971 

 

 

4 

43 

47 

 

 

.629 

1.313 

 

 

.479 

 

 

.751 

 

Model 3-Non-proficient Students 

    Between Item types 

    Within Item types 

    Total 

 

 

2.401 

17.334 

19.734 

 

 

4 

43 

47 

 

 

.600 

.403 

 

 

 

1.489 

 

 

.222 

 

Model-4-Exceeds Proficiency 

    Between Item types 

    Within Item types 

    Total 

 

 

2.636 

79.902 

82.538 

 

 

4 

43 

47 

 

 

.659 

1.858 

 

 

.355 

 

 

.839 

 

Model 5-MeetsProficiency 

    Between Item types 

    Within Item types 

    Total 

 

 

2.796 

48.726 

51.522 

 

 

4 

43 

47 

 

 

.699 

1.133 

 

 

.617 

 

 

.653 

 

Model 6-Partially Meets Proficiency 

    Between Item types 

    Within Item types 

    Total 

 

 

2.830 

29.807 

32.637 

 

 

4 

43 

47 

 

 

.707 

.693 

 

 

1.021 

 

 

.407 

 

Model 7-Does Not Meet Proficiency 

    Between Item types 

    Within Item types 

    Total 

 

 

2.448 

10.557 

13.006 

 

 

4 

43 

47 

 

 

 

.612 

.246 

 

 

2.493 

 

 

.057 
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Despite the insignificant results of item type on item difficulty, an analysis of 

collapsed categories of item type, where items were dichotomously coded as either 

inferential or non-inferential, showed a significant effect of the need to make an inference 

on item difficulty in Model 3-Non-Proficient, and in Model 7-Does Not Meet 

Proficiency. Low ability students included in Model 7, found inferential items more 

difficult (M = .150, SD = .427) than they found non-inferential items (M = -.210, SD = 

.588). Similarly, all students who did not pass the cut score on the MCA-II, included in 

Model 3, found inferential items more difficult (M = .168, SD = .560) than they found 

non-inferential items (M = .-235, SD = .702). These findings provide some support for 

the prediction that the demand of inference generation within certain items would be 

more likely to be related to item difficulty for students in the low ability groups. Full 

results of these ANOVAs are presented in Table 10. 
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Table 10: ANOVAs – Differences in Item Difficulty by Whether an Item Requires an 

Inference. 

 

Rasch Model 

 

SS 

 

df 

 

MS 

 

F 

 

p 

 

Model 1-All Students 

    Between Item types 

    Within Item types 

    Total 

 

 

1.596 

29.007 

31.025 

 

 

1 

46 

47 

 

 

1.596 

.640 

 

 

2.495 

 

 

 

.121 

 

Model 2-Proficient Students 

    Between Item types 

    Within Item types 

    Total 

 

 

1.525 

56.453 

58.971 

 

 

1 

46 

47 

 

 

1.525 

1.249 

 

 

1.221 

 

 

.275 

 

Model 3-Non-proficient Students 

    Between Item types 

    Within Item types 

    Total 

 

 

1.900 

17.334 

19.734 

 

 

1 

46 

47 

 

 

1.900 

.388 

 

 

 

4.900 

 

 

.032* 

 

Model-4-Exceeds Proficiency 

    Between Item types 

    Within Item types 

    Total 

 

 

.888 

79.902 

82.538 

 

 

1 

46 

47 

 

 

.888 

1.775 

 

 

.501 

 

 

.493 

 

Model 5-MeetsProficiency 

    Between Item types 

    Within Item types 

    Total 

 

 

1.912 

49.610 

51.522 

 

 

1 

46 

47 

 

 

1.912 

1.078 

 

 

1.773 

 

 

.190 

 

Model 6-Partially Meets Proficiency 

    Between Item types 

    Within Item types 

    Total 

 

 

2.443 

30.194 

32.637 

 

 

1 

46 

47 

 

 

2.443 

.656 

 

 

3.722 

 

 

.060 

 

Model 7-Does Not Meet Proficiency 

    Between Item types 

    Within Item types 

    Total 

 

 

1.512 

11.494 

13.006 

 

 

1 

46 

47 

 

 

 

1.512 

.250 

 

 

6.050 

 

 

.018* 

Note: Significant effects at the .05 level are indicated with an *. 
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Propositional density characteristics. One of the aims of this research was to 

investigate the relationship between the propositional densities of stems and items on 

item difficulty among students of different ability levels. Indexes of the propositional 

densities of both item stems for the selected 48 items (M = .496, SD = .113), as well as 

target statement propositional densities for the 40 items that were associated with specific 

target statements (M = .511, SD = .091) were computed using the CPIDR 3 program 

(Brown, et al., 2008). It was predicted that higher values for propositional densities of 

item stem and target statement (for those items) would affect item difficulty for low 

ability students, but would not be related to item difficulty for higher ability students. The 

distribution of propositional density values for item stems is shown in Figure 1. The 

distribution of propositional density values for target statements is shown in Figure 2. No 

significant correlations of propositional density of either the item stem or the target 

statement with item difficulty in any of the models were observed, regardless of the 

ability groups from which they were derived. Correlations ranged from Pearson R = .125 

(p = .403) for propositional density of the item stem and item difficulty in the lowest 

ability group, to Pearson R = .216 (p = .145) for the “partially met” proficiency group. 

For target statement density, correlations were similarly low and non-significant ranging 

from Pearson R = .106 (p = .480) for target propositional density and item difficulty for 

the full group, and Pearson R = .159 (p = .332) for the “exceeds” proficiency group. 
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Figure 1. Distribution of the Propositional Densities of Item Stems. 

 

Figure 2. Distribution of the Propositional Densities of Target Statements. 
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Table 11 shows all correlations between propositional densities of target statements, item 

stems and item difficulty in the seven models. 

 

Table 11: Pearson r Correlations between Item Difficulties and Propositional 

Densities of Target Statements and Item Stems. 

 

Item Difficulties by Model 

Target Density 

N = 40 

Stem Density 

N = 48 

 

Model 1-All Students 

    r 

    p 

 

 

-.022 

.892 

 

 

.245 

.094 

 

Model 2-Proficient Students 

    r 

    p 

 

 

-.011 

.944 

 

 

.236 

.106 

 

Model 3-Non-proficient Students 

    r 

    p 

 

 

.015 

.926 

 

 

.257 

.077 

 

Model-4-Exceeds Proficiency 

    r 

    p 

 

 

.011 

.946 

 

 

.242 

.097 

 

Model 5-MeetsProficiency 

    r 

    p 

 

 

-.013 

.935 

 

 

.238 

.103 

 

Model 6-Partially Meets Proficiency 

    r 

    p 

 

 

.014 

.933 

 

 

.273 

.061 

 

Model 7-Does Not Meet Proficiency 

    r 

    p 

 

 

 

.015 

.929 

 

 

.198 

.177 

Note: p is significant at the .01 level (2-tailed). No correlations presented are significant. 
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Causal characteristics. The first aim of this research was to investigate the 

relationship between causal features in texts and items on item difficulty among students 

of different ability levels. For the 40 selected items with associated target statements, the 

number of causal connections of target statements was not significantly correlated to item 

difficulty within any of the models of proficiency groups. Table 12 shows all correlations 

between the number of causal connections of target statements for the appropriate 40 

items and item difficulty in the seven models using the responses of different proficiency 

groups. Counter to predictions, there was no detected relationship between item 

difficulties and the number of causal connections of target statements in any of the seven 

models.  

 

Table 12: Pearson r Correlations between Item Difficulties and the Number of Causal 

Connections of Target Statements. 

 

Item Difficulties by Model 

 

r 

 

p 

 

Model 1-All Students 

 

.088 

 

.590 

 

Model 2-Proficient Students 

 

.061 

 

.706 

 

Model 3-Non-proficient Students 

 

.112 

 

.491 

 

Model-4-Exceeds Proficiency 

 

.069 

 

.672 

 

Model 5-MeetsProficiency 

 

.058 

 

.722 

 

Model 6-Partially Meets Proficiency 

 

.084 

 

.607 

 

Model 7-Does Not Meet Proficiency 

 

 

.127 

 

.433 

Note: p is significant at the .01 level (2-tailed).No correlations presented are significant. 
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A series of t-tests were conducted to test the effect of whether or not items were 

directly connected to the main causal chain of the appropriate passage on item difficulty 

in each of the seven models of proficiency groups. No effect was found for main chain 

connection in any of the models. Results are presented in Table 13. 

 

Table 13: Mean Differences of Item Difficulties for Items on and off the Main Causal 

Chain of the Text. 

  

Difficulty of 

Items on Main 

Chain 

N = 32 

  

Difficulty of 

Items off Main 

Chain 

N = 16 

   

Rasch Model M SD  M SD t df P 
 

 

Model 1-All Students 

 

.056 

 

.847 

  

-.112 

 

.752 

 

.673 

 

46 

 

.503 

 

Model 2-Proficient 

Students 

 

.071 

 

1.166 

  

-.142 

 

1.043 

 

.617 

 

46 

 

.540 

 

Model 3-Non-

proficient Students 

 

.036 

 

.679 

  

-.073 

 

.595 

 

.547 

 

46 

 

.587 

 

Model 4-Exceeds 

Proficiency 

 

.114 

 

1.340 

 

  

-.229 

 

1.307 

 

.843 

 

46 

 

.404 

 

Model 5-Meets 

Proficiency 

 

.054 

 

1.098 

  

-.109 

 

.961 

 

.505 

 

46 

 

.616 

 

Model 6-Partially 

Meets Proficiency 

 

.050 

 

.854 

  

-.100 

 

.807 

 

.586 

 

46 

 

.561 

 

Model 7-Does Not 

Meet Proficiency 

 

 

.026 

 

.570 

  

-.051 

 

.439 

 

.473 

 

46 

 

.639 

Note: equal variances assumed for all t-tests. 

 



69 

In 11 items, a distracter contained true information from a statement in the main 

causal chain of the text that was not located in the target statement for the item. 

Essentially, these items were written with a distracter that was parallel to a statement in 

the text-base that was irrelevant to the demand made in the item stem, but was still 

connected to the main chain of the passage. T-tests were used to test the effect this had on 

item difficulty within the seven models of proficiency groups. Items with a true, causal 

main-chain related distracter were significantly more difficult in six of the seven models. 

The only model of a proficiency groups where the presence of the true, main-chain 

related distracter did not have an effect on item difficulty was in Model 7, which included 

the lowest ability group of any of the models. As predicted, there were greater differences 

in mean item difficulty for students with increasing levels of ability. The mean difference 

in item difficulties for distracters with and without true, main-chain relevant information 

was only .619 for Model 6 which contains the “partially meets” group, rising to .813 for 

Model 5 which contains the “meets” proficiency group, and 1.024 for Model 4 which 

contains the “exceeds” proficiency group. Model 3, which contains all non-proficient 

students, has a mean difference of .441, while Model 2, which contains all proficient 

students, has a mean difference of .864. Full results are presented in Table 14. 
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Table 14: Mean Differences of Item Difficulties for Items with and without True, 

Main-Chain Related Distracters. 

  

Difficulty with 

Main-Chain 

Related 

Distracters 

N = 11 

  

Difficulty 

without Main-

Chain Related 

Distracters 

N = 37 

   

Rasch Model M SD  M SD t df p 
 

 

Model 1-All Students 

 

.448 

 

.452 

  

-.133 

 

.851 

 

2.164 

 

46 

 

.036* 

 

Model 2-Proficient 

Students 

 

.666 

 

.557 

  

-.198 

 

1.17 

 

2.352 

 

46 

 

.023* 

 

Model 3-Non-

proficient Students 

 

.340 

 

.335 

  

-.101 

 

.686 

 

2.046 

 

46 

 

.047* 

 

Model 4-Exceeds 

Proficiency 

 

.790 

 

.707 

 

  

-.234 

 

1.380 

 

2.359 

 

46 

 

.023* 

 

Model 5-Meets 

Proficiency 

 

.627 

 

.492 

  

-.186 

 

1.099 

 

2.370 

 

46 

 

.022* 

 

Model 6-Partially 

Meets Proficiency 

 

.477 

 

.427 

  

-.142 

 

.875 

 

2.256 

 

46 

 

.029* 

 

Model 7-Does Not 

Meet Proficiency 

 

 

.217 

 

.248 

  

-.064 

 

.570 

 

1.583 

 

46 

 

.120 

Note: equal variances assumed for all t-tests. Significant effects denoted with *. 

 

These findings are consistent with the prediction that higher ability readers are 

likely to find items with true, main-chain related distracters more difficult than other 

items of similar construction.   
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Chapter VI: General Discussion 

 The current research study investigated the relationship between structural 

features of texts and items on item difficulties in a large sample of Grade 10 students. 

Three aims of the research study focused on investigating the relationship between casual 

structures in texts, propositional densities in texts, characterizations of the types of 

cognitive demand imposed by different items and item difficulty among students of 

different ability levels. A discussion of the results is presented in this chapter, organized 

by the features of interest from the second stage of analysis. 

Causal Connectivity 

 The first aim of this research study was to use a method of discourse analysis 

from the field of text processing research to produce a set of variables representative of 

features of the causal relations in narrative texts, within the context of a large-scale 

assessment of reading comprehension. An assessment was selected that was administered 

to a large sample (n = 4,285) of student participants. The first methodology to code items 

by text-related features was derived from causal network theory (Trabasso & Sperry, 

1985, Trabasso & van den Broek, 1985; Trabasso, et al., 1989) and produced variables 

representative of the causal networks for six of the passages used on the Grade 10 MCA-

II of reading comprehension. Those causal networks became the source of individual 

item variables that described the portion of the text targeted by the demand of the stem. 

Additionally, variables were created to represent differences between item structures, 

whether they required a causal inference, whether the item stem referred to information 

on the main causal chain of the narrative and whether they contained a distracter that 

referred to true information from the main causal chain of the passage. A negative 
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correlation between causal connectedness and item difficulty for students who have met 

or exceeded the proficiency standards being assessed was predicted. No relationship was 

predicted between causal connectivity and item difficulty for the lowest ability students. 

Contrary to the first prediction, no relationship between the causal connections of items 

stems or targets and item difficulty was found. No relationship was found between causal 

connectivity of item targets for students of any ability group or in the sample of students 

as a whole.  

The findings presented in the previous chapter fail to replicate the effects of 

highly causally connected information (O’Brien & Myers, 1987; Trabasso & Sperry, 

1985, Trabasso & van den Broek, 1985) on recall, within the context of assessment. In 

Trabasso and van den Broek’s (1985) investigation into causal relationships in texts, the 

significant effects of causal connections were robust, but also drawn from corpuses of 

relatively simple narrative texts. The texts selected by MDE, and by extension, the six 

passages used in the current research study were significantly more complex than the 

types of texts used by Trabasso and Sperry (1985) which relied on six relatively simple 

narrative stories which focused explicitly on goal-directed narrative episodes. The 

passages used in the current analysis were longer, contained more words, sentences, and 

words per sentence. They also contained more characters, goals and descriptions of 

setting. These are all potential sources of variation in readers’ constructions of mental 

representations of the texts and could potentially make explicit causal connections 

between statements less important when responding to item demands. This could be 

particularly true if students are using the questions as advance organizers to direct their 

search of the text for relevant information. The use of the multiple choice questions as 
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advance organizers, as demonstrated by Farr, Pritchard and Smitten (1990) is addressed 

in Chapter VII. 

Causally Loaded Distracters 

The significant findings from this research study are also related to the first aim 

which was to investigate the relationship between causal information in the texts and item 

difficulty. While the correlational analyses of the number of causal connections of target 

statements and item difficulty showed no significant effects (See Table 10 on p. 63), the 

significant effects, in all proficiency groups and the sample as a whole, of items that 

contained a distracter with a true statement from the main chain of the passage, when 

compared with items that did not feature true, main chain associated distracters provide 

some support for the inclusion of causal-relational information as an important factor to 

consider when pursuing further, more refined models of item difficulty. The presence of 

these causally-loaded distracters was associated with a significantly higher degree of 

difficulty for students in all but the lowest category of ability. One potential explanation 

from the memory-based view of text processing is that the presence of a causally loaded 

distracter produces a sort of interference effect in which highly salient information that is 

not relevant to the demand of the item stem may influence student response selection. 

This type of reactivation is predicted by the Resonance Model proposed by O’Brien, 

Myers and colleagues (Albrecht & Myers, 1995; Albrecht & O’Brien, 1993; Myers & 

O’Brien, 1998; Myers, O’Brien & Mason, 1994). Myers & O’Brien (1998) present 

resonance as a fast-acting, passive, “dumb” process that automatically returns 

information from long term memory to working memory as a function of the relation 

between concepts. In this way, it describes the same function of the integration 
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component of Kintsch’s C-I model in greater detail. Kintsch’s (1998) description of the 

integration phase of the C-I model includes a spreading activation that results in higher 

levels of activation for related concepts and lower levels of activation for peripheral 

concepts. Throughout integration, the concepts activated during the construction process 

are integrated within the constraints of WM, leaving only those highly salient, 

interrelated concepts easily available to the reader. Similarly, the Resonance Model relies 

on a distributed model of memory, in which the units are comprised of sub-lexical, highly 

interconnected features (Gillund & Shiffrin, 1984; McClelland & Rumelhart, 1985). In a 

distributed model of memory, activation spreads through the network in response to 

input, activating specific nodes or concepts once a threshold is reached. Resonance 

provides a description of a process where concepts and features of the discourse 

representation and from prior knowledge resonate in response to the degree of match with 

the current contents of working memory, either from the current or recent parse. As 

resonance increases, backgrounded concepts reach a threshold of activation and are 

returned to working memory. The degree of match between concepts depends on 

semantic and contextual relations and on the argument overlap of propositions between 

the input stimulus and the backgrounded concept. The causally-loaded distracters are 

very similar to the correct responses to the item. The distracters have a high degree of 

featural overlap, and represent information that would receive a significant amount of 

activation as described by the Resonance Model. 

There are two critical features of the resonance process. First, resonance is 

continual. A signal from the contents of working memory is constantly being sent out to 

all of long term memory. Resonance relies on a network model of memory in which 
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knowledge is organized not into discrete concepts, but rather distributed across a set of 

nodes representing specific features. A network model also predicates that the active 

portions of memory are always in a state of flux as concepts enter working memory from 

the current input and are reactivated from long term memory as activation levels change. 

Since working memory has a limited capacity, the reactivation of backgrounded concepts 

and the input from the text will essentially “push” information out of working memory 

when it is no longer attended to. The second critical feature of resonance is that it is a 

“dumb” process. Information returned to working memory can ultimately facilitate or 

hinder integration. The reactivation occurs independently of the eventual relevance of the 

information and the goals of the reader. This can potentially explain the increased 

difficulty of items with causally-loaded distracters. The Resonance Model describes how 

information is returned only on the basis of degree of match; there is not an evaluative 

component of resonance. Presumably, if there is a lack of relevant information at a 

juncture in a particular text that produces a situation in which comprehension is impaired, 

an evaluative process would detect the incoherence and initiate a strategic process to 

confront the problem. Similarly, if there is a wealth of relevant information returned to 

WM, some sort of evaluative process would need to be initiated to selectively attend to 

information that has the greatest relevance to the current parse. This evaluative process, 

however, is not a part of resonance, but rather a separate process necessary for 

comprehension. When resonance fails to provide useful information for comprehension, 

the reader may refocus on the contents of working memory, or initiate a more strategic 

problem solving process to decipher meaning. The strategy adopted by the reader in this 

situation could depend on individual differences in motivation, individual differences in 
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background knowledge (Rawson & Kintsch, 2002) or on the reader’s standard of 

coherence. In the case of the items with the causally-loaded distracters, if the item stem 

serves as the general input, the resonance model would predict that both the correct and 

incorrect (causally-loaded) choices would receive significant activation due to the high 

degree of featural overlap between the correct and incorrect choices. This overabundance 

of seemingly relevant information would likely initiate the secondary, strategic processes 

referred to by Myers and O’Brien (1998) that would be necessary to resolve the demand 

made by the item stem. In this case, it would require much more processing effort on the 

part of the student to disregard the extremely resonant, casually-loaded distracter. This 

increase in required strategic processing could explain the increase in item difficulty 

associated with these items. 

This presents a potential problem for item information and discrimination as 

students of any ability may be differentially “seduced” by the causally-loaded distracters. 

A differential effect of these seductive distracters is suggested by the data presented in 

Table 12 (see p. 67). The mean difference in item difficulties for items with a causally 

loaded distracter and items without a causally loaded distracter was only .28 in Model 7 

which contained the “did not meet” proficiency group, rising to .62 for Model 6 with the 

“partially met” group, .82 for model 5 which contained the “meets” proficiency group, 

and .93 in Model 4 with the “exceeds” proficiency group. Interestingly, the mean 

difficulties of items without causally loaded distracters in all seven models are all 

negative values, indicating that, as a whole, this group of items is less difficult than the 

mean item difficulty for this sample of 48 items. Conversely, all item difficulty means for 

items with true, main-chain relevant distracters are positive, indicating that they are more 
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difficult than the mean item difficulty for the sample as a whole and within each 

proficiency group. While the Resonance Model is helpful in explaining the increased 

difficulty of items with causally-loaded distracters, it does not provide a clear explanation 

of why models containing higher ability readers would show greater item difficulties than 

models containing lower ability readers. This question will be addressed in the next 

chapter. 

Propositional Density 

 The second aim of the study was to investigate whether different propositional 

densities of item stems or target statements would be related to difficulty for students of 

different ability levels. To address this aim, the second method of discourse analysis used 

to create item variables relied on Kintsch’s (1988; 1998) C-I model which emphasizes the 

processing and representation of propositional structures as a necessary component of 

building a mental representation. Propositional densities for both item stems and the 

target statement within the passage identified for each item were computed. The results 

showed no significant relationships between the propositional densities of either target 

statements or item stems on item difficulty for any of the proficiency groups. 

 One potential explanation for the lack of significant findings is that the 

representation of propositions may represent a level of text-processing that attains a high 

degree of automaticity for readers in Grade 10. Research has demonstrated that the speed 

of syntactic parsing is subject to a practice effect in which readers are able to represent 

propositional relations faster when they have seen them before (Rawson, 2005). At the 

level of reading fluency found in Grade 10 students, the propositional representation of 

the text base may largely occur automatically, even with moderately difficult texts. 
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Kintsch (2004) explains in a refinement of his C-I model (1988; 1998) that propositional 

representations are representative of the idea units in a text. Beyond the sentence-level 

syntax, texts are organized globally. Kintsch distinguishes between the sentence level, 

propositional “microstructure” of the text and the “macrostructure” or organization of 

these propositional relations into higher-order units which Kintsch refers to as the “text-

base” (Kintsch, 2004, p. 1274). Kintsch describes a further level of representation, the 

situation model, which is the product of the interaction between the information 

contained in the text-base and the reader’s prior knowledge, motivation and attention. 

Because multiple choice questions are going to focus almost exclusively at the levels of 

Kintsch’s (2004) macrostructure and the situation model, the propositional density of 

item stems and target sentences may not be an appropriate level of analysis. Few, if any, 

items on a tenth grade reading comprehension test would address the microstructure. 

Most items will address concepts and relations at the macrostructure and the situation 

model levels. A further discussion of how a more appropriate selection of a level of 

propositional analysis could be applied to multiple-choice reading comprehension 

assessments can be found in Chapter VII. 

Levels of Cognitive Demand and Item Structure 

 The third aim of this research study was to analyze a traditional index of 

“cognitive demand” used by item writers at MDE to describe the “level” of cognitive 

effort required to respond to an item stem. In an attempt to compare the utility of this 

taxonomy based on Bloom et al.’s categories of cognitive demand, several variables were 

analyzed to investigate their relationship to item difficulty among the different levels of 

proficiency. 
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 Variables were coded for item type (vocabulary, summary, metaphor, causal or 

authorial intent) and the type of inference (forwards, backwards or authorial intent). 

These categorizations failed to yield any significant differences in item difficulty in any 

of the four proficiency groups or in the sample as a whole. Significant effects on item 

difficulty were, however, observed for whether an inference was necessary to respond to 

the item stem, but only in Model 3-Non-proficient, and Model 7-Does not meet 

proficiency. The absence of a significant effect in Model 6 which contained the students 

who, according to MDE, “partially” met the proficiency standard suggests the importance 

of being able to make inferential responses to item demands as a component of reading 

comprehension. 

Under the third aim of this research study, a variable related to the level of 

cognitive demand based on Bloom et al.’s (1956) taxonomy was analyzed. This provided 

a potential point of comparison to the causal-network and propositional density variables 

originally proposed as better predictors of item difficulty. It was predicted that causal 

relatedness and propositional density would show greater correlations with item difficulty 

than the levels of cognitive demand provided by MDE. None of the tested variables 

showed significant correlation. The lack of correlation between any of the variables 

tested on item difficulty in any of the seven Rasch analyses conducted is troubling. Text 

processing research has shown the effects of causal structures in texts as being important 

to the processes of understanding a text (Linderholm, et al., 1994; Myers, et al., 1987 

O’Brien & Myers, 1987; Trabasso & Suh, 1993). Similarly, the effect of propositional 

density on the availability of recall for information from texts has been demonstrated in 

empirical tests (Kintsch, 1988; Kintsch & Keenan, 1973). While there are significant 
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limitations of the current research which will be discussed in Chapter VII, even more 

problematic from the perspective of good measurement practices is the use of a 

taxonomic variable to aid in the construction of items which is supposed to delineate 

“levels of cognitive demand” which shows no relationship to item difficulty when 

subjected to analysis. 

The significant finding of the need to make an inference on item difficulties in 

Models 3 and 7 suggests that there is a structural component of item stems that is related 

to the measurement of student ability on this reading comprehension assessment. A cross 

tabulation of MDE Levels and the Item types from the coding scheme was presented in 

Table 2 on page 50. The distribution of items across the MDE Levels and Inferential 

versus Non-inferential categories suggests that the significance difference in item 

difficulty for low-ability students is more related to the inferential demand made by the 

item rather than the cognitive level used in test construction. Non-inferential items tended 

to be located in Levels A and B, while inferential items were more skewed toward Levels 

B and C. The majority of items of the 48 were clustered in categories of either 

“summary” or “causal” and in Level B. Nonetheless, inferential items were distributed 

across all three Levels of MDE’s cognitive taxonomy.  
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Chapter VII: Limitations and Future Directions 

There are several substantive methodological and theoretical limitations of the 

current research study. 

Sampling Limitations 

 The current research study entailed using multiple samples of students drawn 

from a single large sample (N = 4,285) of students who took Form One of the 2006 

MCA-II in reading. Seven Rasch models were used; one was with all students in the 

sample, the rest contained selected subsets of students from the total sample. Generally a 

sample size in excess of four thousand tends to allay concerns about statistical power. 

Despite not being randomly selected, the student sample in this study provides sufficient 

range in ability to analyze student-level differences. In this case, however, the students 

represent only one potential source of sampling problems. In order to use student-level 

data, actual student responses were needed. In order to collect standardized responses, a 

specific form of the assessment, taken in common, was needed. The reading 

comprehension measure selected had ten passages, six of which had enough narrative 

structure to support the use of causal network analysis. Given the stated aim of the 

current project, to analyze text comprehension and response selection within the context 

of assessment, the passages and items are fixed as the products of a specific design for a 

specific measure. Those design processes will not produce a naturalistic corpus of texts, 

but rather a selected sample based on instructional and readability factors and standards-

based and psychometric criteria. The small sample of texts and items presents a problem 

of variance restriction in this research. The specific examples of how narrow distributions 
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in propositional densities and causal connections may have affected the analyses are 

presented below. 

In the analyses of the propositional densities of item stems and target statements, 

no significant relationships were found. This could be explained by a relative lack of 

variability in the propositional density of both item stems and target statements. The 

stems for the selected 48 items (M = .496, SD = .113), as well as target statement 

propositional densities for the 40 items that were associated with specific target 

statements (M = .511, SD = .091) were distributed tightly and may not have provided 

enough variation to analyze in terms of their contribution to item difficulties (See Figure 

1 and Figure 2 on page 65). Similarly, in the current research study, the standard 

deviation of the distribution of the number of direct causal connections was .60, 

considerably smaller than expected. The relatively tightly distributed number of direct 

connections within the target statements in the selected texts may be indicative of a 

sampling problem. One explanation is that all the items on the assessment reference 

target statements in the text that are relatively highly connected compared to other, non-

item-referenced statements in the text. A second potential explanation is that the texts 

selected for this sample are atypical in terms of their causal structures when compared to 

larger corpuses used to research the properties of causal networks. This is potentially 

indicative of a wider problem that merits future research. Very little is known about the 

population of texts used for reading comprehension assessment. Selections of texts for 

use on assessments is made by test developers, sometimes selecting for text genre, but 

frequently relying on simple measures of complexity as the primary criterion (Morsy, 

Kieffer & Snow, 2010). 
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A further extension of the sampling problems related to the texts is the exclusion 

of some texts and items. In order to generate a set of variables common to all of the 

items, four passages and 41 associated items were excluded. This exclusion means that 

the current study is limited in its scope as it does not address texts that do not have a 

highly causal structure.  

A final limitation of the current research is the use of a proficiency test as the 

linguistic corpus of analysis. Proficiency examinations are designed to be most precise 

around the cut score established by the assessment designers. Because of the high-stakes 

nature of the test, more energy and effort is placed in developing items that discriminate 

between students who have met the standards and those who have not. As such, there is 

less information contained in scores for students who score at the far ends of the 

distribution of the trait being measured. 

Individual Differences 

 Models of comprehension all assume an interaction between the text and a reader 

(McNamara & Magliano, 2009). The reader can vary on dimensions of strategy, 

motivation, prior knowledge, or general comprehension skill. Texts can vary in 

complexity, genre and structure. The effect described in this research in which the 

presence of a causally-loaded distracter is associated with increased item difficulty, and 

that the difficulty increase is largest among readers of high ability is an example of the 

complex nature of interactions between texts and readers. While the Resonance Model 

(Albrecht & Myers, 1995; Albrecht & O’Brien, 1993; Myers & O’Brien, 1998; Myers, 

O’Brien & Mason, 1994) can explain the increased difficulty associated with the items 
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with causally loaded distracters, it does not provide a clear explanation of why good 

readers find these items relatively more difficult than poor readers.  

One potential explanation for the increasing difficulty of the items with causally-

loaded distracters among ability groups could be related to a measure of individual 

difference not quantified in this research. Variation in working memory span among low 

and high ability readers could explain the finding. Measures of WM capacity that assess 

storage and processing components have been demonstrated to be correlated with reading 

ability (Baddely, Logi, Nimmo-Smith & Brereton, 1985; Budd, Whitney & Turley, 1995; 

Daneman & Carpenter, 1980). Readers of higher ability may be able to maintain more 

information in WM due to greater capacity or processing ability. When these high ability 

readers are faced with a distracter that contains salient, seductive causal information, they 

could be reactivating so much prior knowledge of the text, that it makes selection of the 

correct response more difficult. For readers of lower ability, constrained storage and 

processing WM resources while reading may mean a less developed mental 

representation where the true, main-chain relevant distracters are less seductive because 

they do not reach as high a degree of salience as they do for higher ability readers. This 

is, of course, highly speculative given that the data used in the samples of items and 

students for these analyses did not have any measures of WM span. 

Text Genre 

The discourse analysis methods selected to represent text features close to the 

surface level (propositional density) and at the situation level (causal connections) were 

not germane to highly expository texts that were included in Form One of the MCA-II, 

resulting in the exclusion of three texts and their associated items. McNamara, et al. 
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(2012) describe narrative texts as primarily conveying “life experiences, person-oriented 

dialogue and familiar language in the oral tradition” (p. 93). This contrasts with an 

expository text designed “to inform the reader of new information (p. 93). In their report 

of an analysis using Coh-Metrix, McNamara, et al., (2002) identified sources of text 

difficulty in a corpus of nine genres of texts which were categorized by grade level and 

Degree of Reading Power (DRP). Their analysis showed that not only do narrative and 

expository texts differ in purpose, but in the sources of difficulty for comprehension. For 

example, science texts show greater cohesion than narrative texts, but are generally 

assumed to be more difficult. However, science texts contain far more infrequent words 

and generally fewer connective phrases than narrative texts. Typical readers will 

generally find the science texts more difficult, despite the higher cohesion, simply 

because there are sources of difficulty at the word and sentence level, likely coupled with 

a lack of prior knowledge of the text’s subject. These sorts of analyses point to a flaw in 

the current study’s original assumption of the text as a static source of causal or 

propositional structural variations, rather than a more appropriate dynamic model in 

which the texts are viewed as having varying sources of difficulty. Much like in 

McNamara et al.’s (2012) analysis, the nine texts originally selected for this sample (later 

reduced to six) are not appropriately treated as dichotomously either narrative or 

expository, but rather should be treated as nominal with far greater explication of the 

properties of the texts that contribute to differences in the construction of mental 

representations. Those differences in representation are then an appropriate level at which 

to analyze differences in response selection. Of the four texts (and their associated items) 

which were excluded from these analysis, one was a poetic text and the other three were 
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texts originally categorized as being too expository to use for a causal-network analysis. 

One of the excluded texts was a “persuasive” text about health behaviors which largely 

relied on a list-like set of quotes from health professionals and fitness experts about the 

benefits of and misconceptions about methods of exercise. The other two prose passages 

excluded from the analyses were primarily descriptive, one focusing on snowflake 

formation, and the other presenting a lengthy discussion about the dangers associated 

with burning decorative candles in the workplace. An appropriately specific model of 

item difficulty would need to appropriately define the universe of genre of texts used to 

asses reading comprehension and supply a cognitive model for how readers read and 

comprehend those varying types. 

Grain of Analysis: Syntactical and Lexical Factors 

One potential explanation for the significant difference in item difficulty found 

comparing inferential to non-inferential items for low-ability readers can be found in The 

Simple View of Reading (SVR) Model (Gough & Tunmer, 1986; Hoover & Gough, 

1990; Joshi & Aaron, 2000) which describes reading comprehension as the product of a 

reader’s decoding skills and his or her linguistic comprehension skills. According to the 

SVR model, processes that support decoding and processes supporting linguistic 

comprehension are independent. A person can have excellent decoding skills and poor 

linguistic comprehension skills or vice versa. Subjected to factor analysis, data sets which 

contain multiple measures of reading have been shown to load on factors of decoding 

skills and linguistic comprehension as the SVR model predicts (Catts, Adlof, Hogan & 

Weismer, 2006; Kendeou, Savage & van den Broek, 2009). In the current research study, 

the potential sources of difficulty were all derived from the linguistic comprehension 
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skills associated with reading ability. While this, at first, seems like a reasonable 

assumption when analyzing a text for Grade 10 students, it fails to account for any 

potential variation in decoding skills that might be reasonably assumed to exist in 

students, particularly in the lowest ability group. Even if items are solely designed to test 

higher-order linguistic comprehension skills, within the context of a written, standardized 

measure, decoding skills are still being used by students in support of reading and 

comprehending the passage and items.  

In the data set analyzed, 109 students (2.5%) were identified by their district as 

having limited English proficiency. Additionally, 506 students (11.8%) were identified as 

receiving special education services. Twelve students (.3%) were identified as both. 

Among the students identified in both or either group, there may be significant 

differences from the rest of the sample in decoding skills. While this presents a problem 

for the analysis, it also presents a methodological problem for the test. The items on the 

MCA-II analyzed for this study focus exclusively on what would be described by SVR as 

linguistic comprehension skills. Decoding skills are tacitly assumed by the reading level 

of the passages and the cognitive demands of the items. However, if a significant 

percentage of the students taking the test have low ability at decoding, they will 

necessarily need to devote more resources to recognizing words than their counterparts 

who have higher ability at decoding.  

Since virtually all models of reading comprehension assume that there is a 

limitation on the amount of cognitive resources that can be devoted to a task 

(Gernsbacher, 1990; Kintsch, 1988, 1998; LaBerge & Samuels, 1974; Perfetti, 1985), 

readers with poor decoding skills will be devoting fewer cognitive resources to the 
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cognitive demands made by the items which focus on linguistic comprehension skills. 

The finding discussed previously, that inferential items were significantly more difficult 

than non-inferential items for students in the lowest ability group, could be explained by 

differences in decoding skill between the lowest group and the other groups assessed in 

the sample. This explanation would be predicted by SVR. However, there is not an 

empirically feasible way to assess decoding skills separately from linguistic 

comprehension skills within the context of the sample used for this analysis. For the 

purposes of this study, the selection of a choice for a specific item is the only product of 

comprehension that is available to measure. This inability to separately account for the 

contributions of decoding and linguistic comprehension skill to a score representative of 

reading comprehension ability or proficiency is a problem found in most large-scale 

assessments as they still generally rely on paper or computer delivered multiple choice 

measures. 

Similarly, the lack of findings regarding the propositional densities of item stems 

and target statements on item difficulty could be the result of the selection of a 

comparatively poor level of analysis. Kintsch’s (2004) delineation of the propositional 

structure of a text existing at levels of microstructure, macrostructure and situation model 

distinguishes between the simple microstructure at the sentence level that is captured by 

the propositional density measures used in this research study and other, more globally 

organized, and situation model-related levels of analysis. Since reading comprehension 

tests at the Grade 10 level are focused mostly on the macrostructure and situation model, 

propositional density measures may not be a useful level of analysis from which to 

investigate item difficulty. Since the ability to represent propositional relations quickly 
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and relatively automatically is a component of reading fluency, one particularly 

interesting avenue of investigation for future research would be to investigate whether 

there is an effect of propositional density on item difficulty on tests administered to 

younger students. For example, from a developmental perspective, it is reasonable to 

expect that the ability to automatically represent propositional relations might be more 

widely distributed across younger readers. Yuill and Oakhill (1991) demonstrated that 

young (K-3) readers may not even correctly identify superordinate goals or themes in 

texts. This conforms to the expectation that younger, more naïve readers focus more 

cognitive resources on the surface level of a text. This indicates that there may be a 

developmental difference in sensitivity to propositional density between early readers and 

high school age readers as has been demonstrated between young adults and older adults 

(Stine & Wingfield, 1987). 

Processes and Products of Comprehension in Reading Assessment 

 A further limitation of the current research project is an inability to distinguish 

between the relative contributions of online (process) and offline (product) differences in 

the mental representations of students taking the test analyzed for this project. The 

selection of “which bubble to fill” is a complex act dependent on both online and offline 

processes. The current research study addressed only one operationalization of a product 

of comprehension, the selection of a response in a multiple-choice item format. In 

psycholinguistic research, the dependent measures are frequently focused on the 

processes involved in comprehension, and frequently rely on probe recognition tasks, 

think aloud protocols, lexical decision tasks and eye-tracking methods. Measures of the 

products of comprehension involve free recalls and question answering. One significant 
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contribution of this research was that it used a common dependent measure of the product 

of comprehension as commonly administered to students. It also represents a significant 

limitation. The empirical literature that led to the development of the coding scheme that 

focused on propositional density and causal features of the passages and items was 

conducted primarily using online measures of comprehension (Kintsch & Keenan, 1973; 

O’Brien & Myers, 1987; Trabasso, Secco & van den Broek, 1984, Trabasso & Sperry, 

1985; Trabasso & van den Broek, 1985).  

Farr, Pritchard and Smitten (1990) conducted a study that investigated the 

strategies used by college students to take a standardized multiple choice test. 

Participants were randomly assigned to two interview conditions. The first condition 

asked participants to follow a think-aloud protocol in which they described their thought 

process while they answered multiple choice items. The second condition was a 

“retrospective interview” in which they finished answering the items and then recounted 

how they had accomplished the task. The results indicated that a common element in all 

participants’ reports was a focus on quickly getting to the questions and then using them 

to direct a strategic search of the referent passage to locate the information to answer the 

demand made by the item stem. While the sample only included 26 college students, and 

generalizations should not be made without an abundance of caution, the reports indicate 

that the items on a measure for reading comprehension may also be advance organizers 

responsible for directing a strategic set of processes. These sorts of processes are not 

addressed in the current research. Future research of text structure should examine the 

specific comprehension strategies associated with answering multiple choice questions as 

a first step toward determining item characteristics that may affect item difficulty. From 



91 

this perspective, if students are using the items, both as demands that require a choice, but 

also as the source of search-based comprehension strategies, one variable of interest 

would be the featural overlap of item stems with target information. Text-based sources 

of difference at both Kintsch’s (2004) microstructure and macrostructure levels could 

include whether the item requires anaphor resolution, or has parallel propositional 

structures. Situation model-based sources of difference might include whether items 

requiring inferences have greater ordering effects in student responses than items that do 

not require inferencing.  

Empirical, psycholinguistic research in the design, construction and 

administration of reading comprehension assessments can support innovative approaches 

to the measurement of cognitive processes that underlie reading (McNamara, Graesser, & 

Louwerse, 2012; Millis & Magliano, 2012). However, research in the area of reading 

comprehension assessment has implications for informing psycholinguistic research as 

well. The differences between “good” and “poor” comprehenders is an important source 

of information about individual differences in reading that is seldom accounted for in the 

controlled experiments that form the basis of most text comprehension research. The 

samples of participants in those carefully designed empirical tests are typically young 

adults attending colleges or universities, well-educated and who are relatively good 

comprehenders when compared to a sample of the population of readers as a whole. The 

population of students taking large scale assessments of reading comprehension, 

however, is significantly more diverse in terms of ability. Using research to examine the 

differences between individual students on their ability to comprehend text can 

potentially help to inform the sufficiency of theoretical descriptions of reader-text 
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interaction. It is generally accepted that decoding orthographic print features and other 

lower-level processes are necessary for text comprehension, but they are not sufficient for 

text comprehension. Using research at the intersection of reading comprehension 

assessment and specifically the testing of psycholinguistic theory in the context of 

reading comprehension assessment has the potential to contribute to improved dynamic 

models of text comprehension by examining elements of reader-text interaction that are 

related to reading achievement. Large scale assessments provide ample evidence that 

good comprehenders read “better” than poor comprehenders. Those reader differences 

should be included in more complete models and theories of text comprehension and can 

better define the distinction between processes necessary and sufficient for text 

comprehension. 
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Chapter VIII: Conclusion 

 Each year, millions of primary and secondary school students are tested under the 

requirements of the federal No Child Left behind (NCLB) law (2002). Students are tested 

in Grades 3 through 8 and again in high school in language arts and math. At all grade 

levels, tests of language arts include a reading comprehension test. These tests have 

largely been designed to align with state academic standards. While a majority of states 

are moving toward adoption of the new Common Core State Standards (National 

Governors Association Center for Best Practices & Council of Chief State School 

Officers, 2010) there have, for the past decade, been millions of inferences about student 

ability to engage in reading comprehension, based on multiple different academic 

standards from 50 states, representing multiple standards of coherence, multiple literary 

approaches, multiple methods of item construction aligned with multiple test blue prints; 

all of these in service to the measurement of “reading comprehension” ability, a construct  

that lacks a clear operational definition. In order to best measure what students can do 

when they interact with text, it may be necessary to abandon the idea of “reading 

comprehension” as a unitary construct. Measureable observations of students creating 

mental representations of information in texts will require more sophisticated cognitive 

models, and the integration of different methods of assessment. 

It is worth noting that most research on the functionality of multiple choice 

assessments of reading comprehension comes from a psychometric perspective. A 

significant contribution of this research study is an attempt to use a theoretical approach 

to reading comprehension to explain variations in student response patterns. Gorin (2006) 

provides an argument for the necessity of having a cognitive model for the processes and 
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products that define the construct being assessed. If the educational community wants to 

make inferences about student cognition based on scores of large-scale assessment, then 

coherent models of the cognitive content of the measure and the cognition that underlies 

the material being measured must inform both the structure and development of 

assessment. While psychometrically-based research has provided increasing precision in 

measures in the service of making reliable and valid inferences about student 

performance, a limitation of that approach is that the methods of analysis used always 

treat items as a single unit. From a cognitively-based model of understanding how 

students respond to multiple choice questions, this does not account for the fact that the 

questions are composed of demands, and a (sometimes dizzying) combination of 

relevant, irrelevant, accurate, inaccurate, interesting, boring and sometimes completely 

false information. Students must have a sufficiently detailed representation of the text, 

and the ability to evaluate a series of choices and to selectively attend to correct 

information, while ignoring incorrect information. One relevant contribution of this 

research to a greater understanding of item response selection is the recognition of this 

selection as the product of both comprehension of text and response to a cognitive 

demand. Thus the coding of items is according to variations in characteristics of 

components such as distracters or relation to the causal network in the text base, rather 

than treating the entire item as the finest grain appropriate for analysis. This type of 

understanding increases the ability of item writers to understand how distracters may 

function differently for students of different ability levels. This type of differential effect 

on the distracter level has ramifications for test design in terms of providing opportunities 

to design more precise items, and also to design items that can function diagnostically. It 
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also can potentially contribute to successively more refined models of item difficulty 

such as those developed by Gorin and Embretson (2006) and Embretson and Wetzel 

(1987).
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