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Read, Understand, Learn, & Excel (RULE):
Development and Feasibility of a
Reading Comprehension Measure
for Postsecondary Learners

Priya Kucheria,? McKay Moore Sohlberg,® HyeondJin Yoon,? Stephen Fickas,” and Jason Prideaux®

Purpose: There is a lack of quick, reliable, and valid
standardized reading comprehension assessments
appropriate for postsecondary readers. We attempted

to address this gap by designing Read, Understand,
Learn, & Excel (RULE), a reading comprehension measure
that employs sentence verification and recall tasks to
assess reading comprehension. This article describes
the exploratory study undertaken to construct RULE
and then examines the preliminary concurrent validity and
alternate form reliability of this measure.

Method: The RULE measure was first developed by
designing reading stimuli, test items for the sentence
verification task, and directions for the recall test for

2 forms based on previous work (Griffiths, Sohlberg,
Kirk, Fickas, & Biancarosa, 2016). Thirty undergraduate
students who identified themselves as typical readers were
administered the RULE measure as well as the Nelson—
Denny Reading Test (Brown, Fishco, & Hanna, 1993).

Students also completed questionnaires and participated
in informal interviews to provide information regarding study
and leaming habits and academic background.

Results: There was preliminary evidence of alternate

form reliability between the sentence verification task

sets of 2 chapters of RULE (r = .38, p < .05). Preliminary
evidence for concurrent validity between RULE and the
Nelson—-Denny Reading Test was provided by correlation
coefficients in the low to moderate range (.03—-.38).
Conclusion: RULE design and preliminary findings of
concurrent validity and alternate form reliability provide
“proof of concept” for an ecologically valid testing format
that assesses comprehension skills appropriate for the
postsecondary level. Suggestions for strengthening validity
and reliability of the tool are provided, and clinical contributions
of RULE are discussed.
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acquired brain injury (ABI) are matriculating into

postsecondary programs at increased rates to resume
or establish career paths (Ackerman, DiRamio, & Mitchell,
2009; Kennedy, Krause, & Turkstra, 2008). This increase
is partially due to the passage and refinement of the Americans
with Disabilities Act (1990) designed to make education
accessible. According to the National Center for Learning
Disabilities (Cortiella & Horowitz, 2014), postsecondary
education is now the goal of 67% of students with disabilities,
including students with ABI. Undermining this goal is the
academic struggle these students experience compared with

: ; tudents with cognitive impairments resulting from
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their peers without injury due to difficulty with academic
reading activities (Kennedy et al., 2008; Sohlberg, Fickas, &
Griffiths, 2011; Todis, Glang, Bullis, Ettel, & Hood, 2011).
Approximately 30% of incoming college freshmen and
80% of adults with developmental or acquired disabilities
attending college in the United States have reading com-
prehension challenges that negatively affect academic perfor-
mance (National Research Council, 2012; Horn, Berktold,
& Bobbitt, 1999). Individuals with reading comprehension
deficits at postsecondary levels tend to have higher dropout
rates, lower participation in the workplace, and lower earn-
ings (Dodge, 2012; Kennedy et al., 2008; Meulenbroek,
Bowers, & Turkstra, 2016; Wilkins & Huckabee, 2014;
Wolf, 2001). Students with ABI and developmental reading
challenges frequently demonstrate sufficient reading com-
prehension for functional reading tasks such as compre-
hending text in magazines or social media; however, they
struggle when faced with reading comprehension demands
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for the purposes of learning complex, new academic con-
tent. Despite the need, there are very few supports for read-
ing comprehension at the postsecondary level. Although
our research group has focused on addressing the needs
of postsecondary readers with ABI by developing and evalu-
ating assessments and interventions designed to help indi-
viduals with deficits in high-level comprehension and
retention (Griffiths, Sohlberg, Kirk, Fickas, & Biancarosa,
2016; Sohlberg, Griffiths, & Fickas, 2014), these efforts
may have generalized utility for the larger population of
struggling postsecondary readers.

Reading-to-learn is a complex process that requires
extraction of information while engaging in continual con-
struction, integration, and updating of concepts (Biancarosa
& Snow, 2006). Although a review of reading comprehen-
sion theory is beyond the scope of this article, established
models such as the Landscape Model (Yeari & Van den
Broek, 2011) and Structure Building Framework (Gernsbacher,
1997) describe the cognitive processes underlying reading
comprehension that are required for constructing mental
representations of text via repeated activation of text ele-
ments that become linked to form coherent constructions.
The effortful steps in the reading comprehension process
are highly reliant on working memory. Working memory
refers to the ability to temporarily maintain and manipulate
information and accurately retrieve goal-relevant informa-
tion from long-term memory (Baddeley, 2000; Engle &
Kane, 2004; Unsworth & McMillan, 2013). Readers must
hold on to relevant text as they are reading and integrate
it with previously read text or with existing background
information to build units of understanding (Yeari & Van den
Broek, 2011). Studies with typical adult readers suggest
that working memory is sensitive to individual variation
in reading comprehension (Hannon, 2012). Although debat-
able, some researchers assert that this association stems from
the ability to exert executive control over mind-wandering
behavior (McVay & Kane, 2012). Others posit that this
relation is often masked by the degree of correlation between
working memory and other constructs such as IQ (Freed,
Hamilton, & Long, 2017; Van Dyke, Johns, & Kukona,
2014). The link between working memory impairments and
reading comprehension struggles is more strongly implicated
in studies involving postsecondary learners with brain injury
(Laatsch & Krisky, 2006; Sohlberg, Kucheria, Fickas, &
Wade, 2015). Although reading comprehension research
recognizes the primacy of working memory, current read-
ing comprehension assessments do not use formats that
place demands on working memory. The lack of theoretical
grounding in current reading comprehension assessments
at the postsecondary level represents one of several short-
comings important to address.

Barriers to Assessing Reading Comprehension
at the Postsecondary Level

A major barrier to ensuring that individuals with
comprehension impairments are matched with the right sup-
port or intervention is the lack of accurate and sensitive
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instruments for evaluating postsecondary reading compe-
tencies (McNamara & Kendeou, 2011). Common standard-
ized assessments such as the Nelson-Denny Reading Test
(NDRT; Brown, Fishco, & Hanna, 1993), Gray Oral Read-
ing Tests—Fifth Edition (Wiederholt & Bryant, 2012), and
comprehensive batteries such as the Woodcock-Johnson IV
Tests of Achievement (McGrew, LaForte, & Schrank, 2014)
serve as quick, easy-to-administer, and norm-referenced
screeners to classify individuals based on reading levels.
However, despite their feasibility, these tools are not de-
signed to assess reading comprehension required in post-
secondary contexts (Keenan, Betjemann, & Olson, 2008).
Their theoretical frameworks, reading stimuli, and testing
formats lack sensitivity to complex comprehension processes
(McNamara & Kendeou, 2011; Rapp, Van Den Broek,
McMaster, Kendeou, & Espin, 2007). These tools tend
to evaluate lower-level reading processes such as phonolog-
ical processing, word recognition, vocabulary, and sentence
comprehension, which are often intact in postsecondary
college readers (Hannon, 2012). Working memory, executive
functions, and speed of processing are more predictive
of postsecondary reading comprehension skills and are con-
structs that are typically not tapped in currently used tests
(Macaruso & Shankweiler, 2010; Rapp et al., 2007; Sullivan,
Griffiths, & Sohlberg, 2014).

The use of short, paragraph level text prevents eval-
uation of reading comprehension for lengthy expository
passages required for college level reading. Passages range
from 80 to 200 words in the NDRT, Gray Oral Reading
Tests, and Woodcock-Johnson IV Tests of Achievement.
Although these tests use expository text, the procedures
for calculating the difficulty level and rationale for the
specific content are not well specified and are not com-
mensurate with postsecondary reading demands. Another
challenge to ecological validity is the use of the multiple-
choice or maze formats, the common modes used in cur-
rent assessments. These testing formats primarily rely
on recognition or information-locating skills to objectively
assess comprehension (Farr, Pritchard, & Smitten, 1990;
Ozuru, Best, Bell, Witherspoon, & McNamara, 2007).
Many postsecondary reading tasks require the reader to
integrate information and recall it without having the text
available. Postsecondary reading demands emphasize apply-
ing information learned and recalling extensive amounts of
information after a time delay. There is a need for a rela-
tively quick, reliable, and valid standardized reading com-
prehension assessment appropriate for postsecondary readers.

Current Advances in the Measurement
of Reading Comprehension

To address the limitations in current assessments
of reading comprehension for postsecondary learners, we
built on our earlier work evaluating reading comprehen-
sion in postsecondary college students with ABI that iden-
tified two fruitful evaluation formats, sentence verification
task (SVT) and free recall (Griffiths et al., 2016; Sohlberg
et al., 2014).



SVT is a widely used recognition paradigm in reading
research that provides an alternative to the multiple-choice
test format (Carlisle, 1989; Royer, Barbara, & Sinatra,
1987; Stine-Morrow, Soederberg Miller, Gagne, & Hertzog,
2008). The SVT paradigm has respondents read a statement
and indicate whether the statement was “true” or “false”
in relation to the content of the chapter. The true/false state-
ments are generated based on the construction-integration
framework, which operationalizes comprehension into three
distinct levels of text comprehension: (a) paraphrased items,
(b) local inferences, and (c) global inferences (Royer, 2001).
In our previous work, performance on the SVT was sensi-
tive to changes in reading comprehension when readers
with cognitive impairment received reading comprehension
training compared with the condition without training
(Griffiths et al., 2016).

Recognition paradigms can be helpful but are not
sufficient for measuring reading comprehension in more
advanced learners. For example, they do not capture
the active construction of meaning that occurs when
text elements are integrated (Klingner, 2004). We thus
employed free recall as a second measurement paradigm
to complement the SVT (Griffiths et al., 2016). Discourse
samples collected via free recall tasks have been used
both experimentally and clinically to evaluate cognitive—
communicative functions (Coelho, Ylvisaker, Turkstra,
2005; Laing-Gillam, Fargo, & Robertson, 2009). Verbal
samples elicited from story retell, story generation, and
describing procedures have been shown to be valid mea-
sures of listening comprehension, discourse production,
and reading comprehension in individuals with cognitive
impairments due to brain injury (Coelho, Lg, Mozeiko,
Krueger, & Grafman, 2012; Griffiths et al., 2016) as well
as typical readers (Keenan et al., 2008; Reed & Vaughn,
2012). Measuring comprehension via discourse analysis
of recall transcripts allows direct analysis of the mental
representation of textual content constructed by the
reader (Pearson & Hamm, 2005). Relevant to our pop-
ulation of interest, text recall activities have been shown to
rely on working memory (Towse, Cowan, Hitch, & Horton,
2008).

In an early pilot study, participants were asked
to pretend they were telling someone everything they
had learned in the textbook passage they had just read
(Sohlberg et al., 2011). The free recall samples were
analyzed to obtain measures of total communication
units and communication units per minute (C-units;
Loban, 1976), which provided a quantitative measure
of recall and recall efficiency. Our later study (Griffiths
et al., 2016) used a more fine-grained analysis of total
content recalled (correct information units [CIUs]; Nicholas
& Brookshire, 1993) that included immediate and delayed
recalls and efficiency measures, which had been shown
to distinguish between readers with cognitive impair-
ments and controls (Matsuoka, Kotani, & Yamasato,
2012). These procedures were adopted for use in the
proposed instrument that was developed and piloted in
this study.

Purpose of the Study

This article is an exploratory study designed to ad-
dress the current reading comprehension assessment gap.
We sought to develop a reliable and valid reading com-
prehension test that would simulate the demands for post-
secondary reading. We also sought to design a test that
was feasible and could be given in a standard session by a
clinician or an educational staff. We chose to investigate
normative performance on a high-level reading compre-
hension measure as a first step in developing a tool that
could be used to identify impaired performance. Our spe-
cific project goals were to (a) develop test content that
was representative of college level reading in content and
length; (b) employ testing formats that placed demands
on working memory, speed of processing, and recall pro-
cesses; (¢) construct the test such that it could be adminis-
tered and scored within 50 min; (d) develop two equivalent
assessments that could be used to evaluate reading com-
prehension pre- and postintervention support; and (e) pilot
the administration and analysis on a group of typical under-
graduate readers. We called our preliminary assessment
RULE (Read, Understand, Learn, & Excel).

Phase 1: Test Development Methods

Our RULE project was carried out in two phases.
Phase 1 was dedicated to test development activities, and
Phase 2 focused on validation procedures. In this section,
we describe the systematic development of reading stimuli,
test items, and overall format of the electronic assessment.
In Phase 2, we discuss activities undertaken to examine
feasibility and content and ecological validity of the
RULE measure from the stakeholder’s perspective. We also
describe the preliminary validation pilot. Specifically, we dis-
cuss findings related to concurrent validity and alternate
form reliability of this measure when piloted on a small sam-
ple of typical undergraduate readers used to establish norma-
tive performance.

Passage Development

Our first goal was to create reading stimuli. Texts
selected needed to be expository in nature, simulate con-
tent typically encountered at the college level, and be
equated in length and complexity. We identified two ex-
pository passages from college textbooks that represented
disciplines encountered in academic learning (Biancarosa
& Snow, 2006; Lee & Spratley, 2010; RAND Reading
Study Group, 2002). The materials were identified on an
open-source website (cnx.org) that allowed us to download
and modify college texts without copyright infringement.
To avoid confounding factors influencing comprehension,
passages needed to share a similar writing structure (Biber,
1985; Kulesz, 2014; Lee & Spratley, 2010). Therefore, we
selected opening chapters from two introductory level text-
books: public speaking and social psychology. Introductory
social science texts tend to share similar structural patterns
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that can be categorized using broad-based expository text
typology schemes, such as compare and contrast and cause—
effect (Pyle et al., 2017). This selection rationale helped
eliminate differences in comprehension arising from organi-
zational differences from different subject matter areas as
well as a reader’s background knowledge when using the
measure to assess pre—post treatment effects. It was necessary
to use chapters from different sources despite differences
in authors’ writing styles, so that content could be under-
stood independently from the rest of the book. Text was
eliminated to reach a length of approximately 3,000 words,
consistent with the recommendations in the Griffiths et al.
(2016) study. Elimination of content began from the end
of the chapter to preserve organizational coherence. Texts
then underwent latent semantic analysis to ensure that they
were equated in length and complexity. Coh-Metrix, an
automated text analysis tool, was utilized to compare con-
tent within the chapters on discourse and linguistic measures
(Graesser, McNamara, & Kulikowich, 2011). Coh-Metrix
computes over 50 metrics that describe semantic and
syntactic features, text cohesiveness, and text difficulty
(Graesser, McNamara, Louwerse, & Cai, 2004). We selected
multiple indices, such as argument overlap and sentence-
to-sentence cohesion, mentioned in prior studies as sensitive
indicators to differences in texts from diverse subject areas to
analyze chapters in this study (Lightman, McCarthy, Dufty,
& McNamara, 2007; McCarthy, Graesser, & McNamara,
2006; McNamara, Graesser, & Louwerse, 2012).

Several existing indices were used to ensure that
chapters were equated in length and complexity. We used
index values for complexity and cohesiveness from a pre-
vious study (Griffiths et al., 2016) as benchmark criteria.
We also made sure that differences in index values across
texts fell within the 95% confidence interval range norms
created by Coh-Metrix tool developers. Finally, we mea-
sured Lexile levels (Stenner, Sanford-Moore, & Williamson,
2012) to confirm that all chapters corresponded to a
12th-grade difficulty level.

To ensure that the chapters were feasible to read
within clinical time constraints, we ran an informal pilot
study with two speech-language pathologists working in
outpatient settings whose caseloads included clients with
reading comprehension goals after a mild traumatic brain
injury. Feedback from both clinicians was that the chap-
ters were too long to utilize in a clinic setting. Using
guidelines for condensing texts for academic purposes
and literature on silent reading rates in persons with trau-
matic brain injury (Green & Hawkey, 2012; Harvey, Hux,
Scott, & Snell, 2013), we reduced the chapter length to
2,200-2,400 words. We used the same criteria stated pre-
viously to ensure equivalence. The final chapter metrics
are presented in Table 1.

Testing Formats

SVT
The SVT is a recognition task that requires the
reader to identify whether sentences are “true” or “false”
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with respect to the corresponding passage. The reader does
not have access to the passage when responding. To design
the SVT measure, we replicated the approach outlined in
previous studies (Griffiths et al., 2016; Royer, Hastings, &
Hook, 1979). Three independent raters selected main and
supporting details from each chapter and coded them into
autonomous and nonautonomous units. Autonomous units
could be understood independently of the rest of the text,
for example, “Humans have lived on Earth for thousands
of years.” Nonautonomous units required reference to the
text to be understood, for example, “Humans are influ-
enced by the social situation along with their schemas and
attitudes regarding a situation.” These units were the
source of three different types of sentences—Ilocal coherence,
global coherence, and paraphrase statements—that were the
contents of the first SVT set for each chapter. Theories such
as Structure Building Framework (Gernsbacher, 1997) driv-
ing SVT development postulate that text comprehension
occurs at different levels: (a) surface level where the reader
has formulated an understanding of the words, syntactic
relations, and underlying meaning of a sentence, captured
via paraphrased items; (b) microstructural level where the
reader formulates an understanding of the meaning of adja-
cent sentences or ideas captured via local cohesion items; and
(c) macrostructural level where ideas within a paragraph or
text are integrated with the general theme of the text captured
through global cohesion items (Gernsbacher, 1997; Sohlberg
et al., 2014). A study evaluating the effects of a strategy train-
ing intervention on comprehension noted that these items
were sensitive to the intervention (Griffiths et al., 2016).

To avoid passage dependency, we piloted the for-
mulated SVT sets with two groups, individuals who com-
pleted SVT with and without reading the chapter. For each
group, we organized statements into a progressive hierarchy
of difficulty starting with those statements that 100% of
the test-takers responded to correctly, to those that only 20%
(or less) of test-takers responded to accurately. We eliminated
statements that were accurately answered by only 10% of
the respondents in either group as well as statements that
were accurately answered by 100% of test-takers in the group
that did not read the chapter. An equal number of true and
false statements from each percentage category from the re-
maining item bank were then selected, with two statements
selected from the “easy” category (80%—100% correct re-
sponse) and the remaining statements selected from the pro-
gressively “hard” categories (60%—79%, 40%—-59%, and 20%—
39%) to form the SVT set, each consisting of 15 statements.

Free Recall

A goal-directed recall task is considered a high-inference
measure because it gives direct access to the mental repre-
sentation of text content constructed by a reader (Pearson
& Hamm, 2005). In RULE, we provided a goal-directed
context for eliciting verbal discourse by asking participants
to “recall information as though they were helping a friend
prepare for a test.” To measure comprehension based on
free recall performance, we used the approach validated
in previous studies that calculated the number of CIUs



Table 1. Summary of text characteristics of Read, Understand, Learn, & Excel chapters.

Chapter

Variable Public speaking Social psychology
Quantity

Total words 2,360 2,371

Number of different words 764 753

Total number of sentences 130 128
Complexity

Mean word length (mean number of syllables per word) 1.70 (1.00) 1.67 (0.95)

Lexical density 31.94% 31.49%

Lexical diversity (type—token ratio)

Mean sentence length
Cohesiveness

Argument overlap

Stem overlap

Sentence-to-sentence cohesion

Paragraph-to-paragraph cohesion
Readability metrics

Gunning Fog Index

Lexile level®

0.53 [0.80, 0.84]
18.73 (11.15)

0.59 [0.51, 0.59]
0.64 [0.36, 0.46]
0.30 (0.20) [0.36, 0.40]
0.26 (0.20) [0.33, 0.37]

16.39
1320L

0.52[0.67, 0.71]
19.28 (11.59)

0.62 [0.61, 0.69]
0.60 [0.61, 0.69]
0.32 (0.19) [0.45, 0.49]
0.26 (0.19) [0.36, 0.42]

15.25
1270L

Note. Values in parentheses are standard deviations. Values in brackets are 95% confidence interval ranges

based on Coh-Metrix norms.

@Lexile levels for postsecondary populations are typically between 1200L and 1380L (Stenner et al., 2012).

generated during the verbal recall of what the reader recol-
lected from the chapter (Griffiths et al., 2016). A CIU is de-
fined as any word that is intelligible in context, accurate, and
relevant in relation to the text (Nicholas & Brookshire, 1993).
Grammatical correctness is not a factor. Traditionally, CIUs
have been used as a measure of discourse during picture de-
scription or spontaneous conversation tasks. We used the rule-
based scoring system formulated by Nicholas and Brookshire
(1993) in our work to analyze verbal recalls of expository
text. A related measure that also discriminates between
reading comprehension skills of individuals with and with-
out brain injuries is efficiency of recall, calculated by count-
ing the number of CIUs generated per minute (CIUrate;
Griffiths et al., 2016; Matsuoka et al., 2012). To calculate
the CIUrate, we divided the total number of CIUs by the
time taken for completing the recall task. This efficiency
metric is critical given that speed of processing has been
one of the primary factors/contributors to reading compre-
hension difficulties after a mild brain injury (Sullivan et al.,
2014).

We designed the RULE to contain an immediate free
recall and a delayed free recall. Delayed recall allows mea-
surement of retention of material, which is often problematic
in postsecondary readers with acquired cognitive impair-
ments (Kennedy et al., 2008). The delayed recall task and
CIU analysis were identical to the immediate recall task and
were administered 30 min after the immediate condition.

Phase 2: Pilot
Feasibility Study

Several targeted user groups were formed to gather
feedback on the RULE assessment from end users including
three high school special education teachers, a university

academic learning specialist, and six speech-language pathol-
ogists whose caseloads included postsecondary students with
ABI. The purpose was to examine feasibility and content
and ecological validity of RULE. Users were trained to use
the RULE assessment and then were given access to it so
that they could practice using the tool outside the training
session. Users completed surveys querying them on their per-
ceptions of the reading stimuli, the design of the measures,
and the overall usability of the tool. In addition, a univer-
sity student who self-reported high-level reading comprehen-
sion difficulties due to developmental attention challenges
reviewed the assessment and was asked to give her percep-
tion of the stimuli and testing procedures from the student
perception.

The clinicians and university learning specialist all
endorsed that the RULE (a) filled a measurement gap
in their practices, (b) used reading stimuli with a difficulty
level and length commensurate with academic demands
faced by the populations with whom they worked, and
(c) was a tool they would use in their practice. They reported
that both SVT and recall provided an objective measure-
ment of an individual’s reading approach, which in their
current clinical practices was obtained through self-report
or was not being addressed. The student reported that
the reading level was commensurate with college demands
and that the test length was acceptable. The high school
teachers shared that students with high-level reading com-
prehension difficulties did not qualify for special education
services, hence they would not be able to use the test in their
settings, although they endorsed the existence of students
who could benefit from being identified using the tool.

All the clinicians reported a feasibility concern regard-
ing the amount of time it took to transcribe the readers’ text
recalls necessary for calculating the CIUrate.
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Validation Study

After developing RULE and soliciting feedback from
end users, we sought to evaluate the reliability and validity
of the tool. Specifically, we looked for alternative form
reliability and concurrent validity.

Participants

We recruited and consented typical undergraduate
readers in accordance with the regulations of our institu-
tional review board protocol. Each participant received
$30.00 for participation. Inclusion criteria were as follows:
(a) aged 18-30 years, (b) self-identified as fluent speakers
of English who had acquired the language before 7 years
old, (c) currently enrolled as full-time undergraduate stu-
dents in a university or college, (d) able to read for daily
needs (e.g., street signs, menus, and/or bills), (e) able to
comprehend three- to four-paragraph—length material at
the 10th grade level, and (f) familiar with using a laptop
for reading text, typing, and clicking and scrolling func-
tions of a mouse. Exclusion criteria included (a) diagno-
sis of a disability or condition that affected basic reading
abilities and/or (b) admission to a hospital or outpatient
program in the last 12 months for substance abuse or psy-
chiatric issues. Thirty-two individuals (26 women and
six men) met criteria and consented to participate. Data
for two participants were lost because of attrition and
technological difficulties, resulting in a final sample of
30 subjects (24 women and six men).

Table 2 presents participant characteristics. During
the waiting portion for the delayed recall test described
below, participants answered a questionnaire about their
demographics and reading performance, completed the Learn-
ing and Study Strategies Inventory (LASSI; Weinstein,
Palmer, & Acee, 2016), and were administered the NDRT
(Brown et al., 1993). Of note, approximately 40% of the
sample reported that it was somewhat typical of them

to forget information that they had just read. More than
80% of the subjects reported that it was either fairly or
very typical of them to read for extended periods. These
ratings implied that, although most of the participants
identified themselves as capable of reading for extended
periods, many found it challenging to recall and retrieve
academic reading content. Mean scores on the information
processing, selecting main ideas, and self-testing scale of
the LASSI were less than the 50th percentile. According to
interpretation guidelines for this measure, half of the
sample would benefit from training on learning and study
strategies. Mean percentile score (M = 53.20) on the com-
prehension subtest of the NDRT suggested that the sample
consisted of largely “average” readers.

Measures

There were three measures used in the analyses. The
SVT and free recall measures were developed for RULE
and are described under Test Development. The NDRT
(Brown et al., 1993) was used as a reference measure for
validity analysis. In the absence of a valid postsecondary
reading comprehension measure, we selected the NDRT
(Brown et al., 1993) because it is the most commonly used
measure to evaluate college-level comprehension perfor-
mance (Griffiths et al., 2016; Haenggi & Perfetti, 1994,
Holmes, 2009; Masterson & Hayes, 2004).

Methods

We collected data between November 2016 and March
2017. Each subject attended two sessions. Sessions were con-
ducted in a private clinic room at a university training clinic
associated with a communication disorders and sciences
program. The first author or a trained graduate or under-
graduate research assistant administered the study protocol.
The first session lasted between 1.25 and 1.50 hr. Participants
were oriented to the digital features of RULE, which was
delivered on a MacBook Pro (Apple). Participants read one

Table 2. Summary of trends on demographic questionnaire and descriptive information on Leaming and Study Strategies

Inventory subscales.

Demographic questionnaire

I can read for

| forget information | forget information

Items extended periods I have just read after a delay
Not at all typical of me 3% 3% 0%

Not very typical of me 3% 37% 43%
Somewhat typical of me 10% 43% 50%
Fairly typical of me 47% 10% 1%
Very much typical of me 37% 7% 1%

Learning and Study Strategies Inventory

Scale Information processing Selecting main ideas Self-testing
Mean 43.87 64.83 35.77
SD 24.67 21.27 25.58

Note. N = 30. Numerical values on the informal interview section of the table represent percentage of respondents
who selected the same response category when presented with an item. Numerical values under the Learning and
Study Strategies Inventory section of the table represent mean percentile and standard deviation scores of all participants.
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of the two expository texts excerpted from open-source,
introductory-level college textbooks using the aforementioned
procedures. The order of chapter assignment was determined
using the randomization function in Excel. On the basis of
results of the feasibility pilot study, we gave participants

up to 30 min to read a chapter before completing SVT and
recall tasks.

Reading measures were administered on the com-
puter after the allowed reading time or after the participant
clicked the “finished reading” button. Participants were
told to “retell the text as if you were telling someone all
the information you learned and were helping them prepare
for a test.” Recalls were recorded by the online program
and downloaded as audio files on the MacBook. After the
recall task, participants completed the SVT. Statements
were displayed individually on the computer screen, and
participants clicked either “true” or “false” response. Par-
ticipants had approximately 10 min to complete the SVT
and immediate recall tasks. The program was designed
to present the delayed recall probe 30 min after a subject
had clicked on the “finished reading” button. Participants
would receive a “Please wait” screen after completing the
SVT. During this wait period, we administered the compre-
hension subtest of the NDRT (Brown et al., 1993). Partici-
pants were given 20 min to complete the comprehension
subtest. This was followed by the delayed version of the
recall task, which was administered identically to the im-
mediate version.

The second session followed the same format. We
administered the remaining expository texts and corre-
sponding SVT and recall tasks. During wait times for the
recall task, participants were informally interviewed to
gather demographic data or were administered question-
naires about their reading.

Interrater reliability for calculating ClIUrate. A second
trained rater calculated ClUrate on 25% of the recall
transcripts. Intraclass correlation coefficient estimates and
their 95% confident intervals were calculated based on a
single-rater, absolute-agreement, two-way mixed-effects
model with two raters across 34 transcripts. An intraclass
correlation coefficient of .89 (95% CI [0.74, 0.95]) suggests
good to excellent reliability, particularly for a new measure
(Koo & Li, 2016).

Results
Preliminary Analysis

Table 3 displays the descriptive statistics for the two
assessment variables and a reference measure for validity
analysis (i.e., NDRT scores). Average reading time was ap-
proximately 15 (SD = 5.65) and 14 (SD = 4.75) min for
the public speaking and social psychology chapters, respec-
tively. The assumption of normality was not supported for
the public speaking chapter (Shapiro & Wilk, 1965). A
boxplot for the public speaking chapter revealed an outlier
case, which we dropped. Therefore, the final analytic sam-
ple included 29 subjects. Per Shapiro-Wilk test (Shapiro &

Wilk, 1965), normality of data for all distributions was
supported for the modified data set, with skewness and
kurtosis for the distributions of the SVT scores and CIU-
rates raising no major concerns across chapters.

We conducted a series of mixed analysis of variance
to probe the effects of order of chapter administration,
participants’ class level (freshman, sophomore, junior, or
senior), and chapter type on participants’ performance on each
of the RULE measures: (a) SVT scores and (b) CIUrate.
For CIUrate, the effect of timing of recall task (i.e., imme-
diate or delayed) was additionally included as a within-
subject factor. Alpha was adjusted to reduce risk of Type 1
error given multiple tests (o = .05/2 = .025). Effect size was
reported as partial eta squared (Richardson, 2011).

SVT performance. We ran a 6 X 4 X 2 three-way
mixed analysis of variance for SVT performance with or-
der of chapter administration (six possible administration
permutations) and class level as between-subject factors
and chapter type (social psychology or public speaking) as
a within-subject factor. Mauchly’s test of sphericity was
not defined because the within-subject factor (i.e., chapter
type) had only two levels. Levene’s test supported homoge-
neity of error variance of the SVT scores for both chapters
(p > .05). Results revealed nonsignificant omnibus inter-
action effect as well as corresponding two-way interaction
effects for a combination of factors on SVT scores. There
was no main effect of order, F(1, 21) = 0.001, p = .97, par-
tial n? = 0.000; class level, F(3, 21) = 0.75, p = .54, partial
n® = .097; and chapter type, F(1, 21) = 0.60, p = .59, par-
tial n? = .014.

CIUrate. The assumption of homogeneity of vari-
ance was not supported for CIUrate data because of
the unbalanced cell sizes. Therefore, we built a simpler
model—a one-way analysis of covariance—to examine the
effect of chapter on immediate and delayed CIUrate con-
trolling for administration order. The analysis of covari-
ance showed no significant difference between immediate,
F(1, 55) = 1.72, p = .195, partial n’> = .030, and delayed,
F(1, 55) = 0.55, p = .462, partial n° = .010, CIUrates by
chapter administration order (p > .05). There were also
no chapter effects on immediate, F(1, 55) = 0.38, p = .54,
partial rLZ =.007, and delayed, F(1, 55) = 0.02, p = .883,
partial n* = .000, CIUrates, controlling for chapter admin-
istration order as a covariate (p > .05).

Concurrent Validity

We computed the Pearson’s product-moment corre-
lation coefficients for each of the RULE measures (i.c.,
SVT scores, immediate and delayed ClUrates) and NDRT
comprehension subtest percentiles. As shown in Table 4,
the validity coefficients of RULE measures were small to
moderate, ranging from .09 to .39.

Because of the gap in the availability of standardized
measures of high-level reading comprehension that could
be used to evaluate concurrent validity, we ran post hoc
analyses using descriptive measures evaluating the reader’s
self-reported measures and functional measures of read-
ing comprehension. We attempted stratification techniques
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Table 3. Means and standard deviations for scores on Read, Understand, Learn, & Excel (RULE) and Nelson-Denny

Reading Test (NDRT; Comprehension subtest).

RULE? RULE® NDRT
Measure Immediate® Delayed? SVT Immediate® Delayed? SVT Subtest
Mean 70.29 59.31 63.45 66.08 57.94 62.07 53.45
SD 28.65 35.80 17.98 23.63 34.11 17.40 27.10
Note. n =29. SVT = sentence verification task.

3Public speaking. ®Social psychology. ®lmmediate number of correct information units generated per minute.
9Delayed number of correct information units generated per minute.

to informally examine trends in descriptive data between
responses on LASSI, the demographic questionnaire, and
reported grade point average (GPA) and RULE measures.
Our post hoc hypotheses for concurrent validity would be
supported if trends were in the same direction, that is, if
high versus low means on RULE measures were consistent
with trends in means on another measure.

Data were recoded and sorted in three ways to evalu-
ate performance of low scorers against that of high scorers
across two or more measures at a time. We computed quar-
tiles to determine scores at the 25th, 50th, and 75th percen-
tiles for measures that posed as continuous variables (e.g.,
ClUrates) and used those indices to divide the sample into
three groups. For measures posing as nominal/ordinal data
(demographic questionnaire responses), we dummy coded
the data so that subjects were identified either as those who
had responded with either “not at all typical of me” or “not
very typical of me” to questions regarding their immediate
and delayed recall abilities or those who responded with
either “somewhat typical of me,” “fairly typical of me,” or
“very much typical of me” when referring to the same con-
struct. Data were also sorted to compare individuals who
scored at or below the 25th percentile across all SVT and
CIU measures (low RULE performers) against those who
scored at or above the 75th percentile across SVT and CIU
measures (higher RULE performers).

When using self-report of recall ability as a group-
ing variable, the group that self-reported that it was
either “not very” or “not at all” typical of them to forget

information immediately after reading and after a delay
had higher mean CIUrates (public speaking: Mimmediate =
77.04 and Mpelayeq = 68.10; social psychology: Mimmediate =
73.13 and Mpejayeq = 75.61) compared with the group that
claimed that it was “somewhat typical,” “fairly typical,” or
“very much typical” of them to forget information immedi-
ately and after a delay (public speaking: Minmediate = 64.45
and Mpelayed = 52.20; social psychology: Mimmediate = 63.95
and Mperayea = 53.58; refer to the table provided in Supple-
mental Material S1). When using GPA as a grouping
variable, the group whose GPA was at or below the
25th percentile displayed lower mean CIUrates (public
speaking: Mimmediate = 74.51 and Mpejayeq = 56.84; social
PSyChOlOgy5 M immediaie = 75.82 and MDe]ayed = 64.72) as
compared with the group with individuals whose GPA
was in the 75th percentile or a higher range (public speaking:
Mimmediate = 101.26 and Mpelayeq = 98.67; social psychol-
0gY: Mimmediate = 89.36 and Mpeayea = 91.06; refer to
the table provided in Supplemental Material S1). Not all
participants (n = 5) reported their GPA. Consistent with
the questionnaire and GPA findings, the lowest RULE
performers also received the lowest scores on the LASSI
information processing scale (n = 1, M = 5th percentile)
as compared with the highest RULE performers (n = 2,
M = 55th percentile; refer to the table provided in Supple-
mental Material S2). It was not possible to test the signifi-
cance of these trends because the sorting/classification
guidelines applied to the data set yielded small numbers
within each group.

Table 4. Summary of intercorrelations between Read, Understand, Learn, & Excel (RULE) measures and Nelson—

Denny Reading Test (NDRT; Comprehension subtest).

RULE: Public speaking

RULE: Social psychology

Measures Immediate® Delayed® SVT Immediate® Delayed® SVT
NDRT 0.39* 0.29 0.29 0.09 0.20 0.10
SVT? 0.23 0.07 — 0.05 -0.03 0.38*
SVTP -0.03 0.10 0.38* 0.09 0.17 —
Note. N =29. SVT = sentence verification task. Dashes indicate correlation between same variables.

@Public speaking. PSocial psychology. °Immediate number of correct information units generated per minute.
9Delayed number of correct information units generated per minute.

*p < .05.
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Alternate Form Reliability

We computed the Pearson’s product-moment corre-
lation coefficients of each of the RULE measures between
chapters. As shown in Table 4, the reliability coefficients
were small, ranging from .03 to .38. Although moderate,
correlation between SVT forms was significant (r = .38,
p < .09).

Discussion

This article reviews the development and preliminary
evaluation of a postsecondary reading comprehension
measure, RULE. Findings suggest that RULE has the
potential to offer an ecological, valid testing format feasi-
ble for use in clinical or educational practice. The study
details theory and procedures for developing the reading
stimuli and measures. Important contributions include
development of stimuli that simulate postsecondary read-
ing demands by using actual college textbook passages that
are longer and more complex than those in existing read-
ing comprehension tests. The study also allowed evaluation
of a dual testing format that encompasses both a recogni-
tion paradigm, SVT, and the analysis of immediate and de-
layed free recall samples using CIU analysis. The CIUrate
is dependent on working memory, speed of processing,
and text integration, which represents a novel and critical
aspect of reading comprehension measurement. Interest-
ingly, there was not a difference in performance for the
immediate versus delayed CIUrates, which in hindsight
might have been expected in a typically functioning pop-
ulation. We hypothesize that students with reading com-
prehension deficits secondary to brain injury would show
differences between immediate and delayed recall condi-
tions (Griffiths et al., 2016). Feedback from stakeholders,
clinicians, and educators endorsed the need and interest
in having a reading comprehension assessment tool such
as RULE.

The concurrent validity was small to moderate and
in the right direction (positive), which is an important
finding for a new clinical tool using a small sample. The
small correlations likely reflected the fact that RULE and
NDRT are measuring different constructs. For example,
like the SVT, NDRT uses a recognition task, of a multiple-
choice format, but the test allows the reader to reference
the text when filling out the information. This is differ-
ent than the SVT that requires the reader to recall infor-
mation when answering the questions. Recall requires
working memory and simulates the demands of testing
in postsecondary contexts. There is no comparator in
the NDRT test for the recall task used to calculate the
ClUrate. Given the lack of available instruments measur-
ing reading comprehension using college level materials,
we did not have a gold standard comparator for the con-
current validity, hence a small positive correlation would
be expected.

Despite the lack of gold standard comparators,
trends in descriptive data across measures endorsed our
post hoc hypotheses for concurrent validity. A low GPA,

difficulty with immediate and delayed recall as measured
via self-report, and difficulty with comprehension mea-
sured via the LASSI information processing subscale were
reflected in RULE scores when compared against individ-
uals who scored relatively higher across the same set
of measures. Although not fully conclusive, consistency
in performance across measures provides preliminary sup-
port for concurrent validity.

The alternate form reliability was lower than desired.
However, given the small sample size and novel testing
format, a positive correlation is encouraging. Several im-
provements in the stimuli development process would likely
strengthen alternate form reliability. First, it would be
helpful to have reading comprehension experts review the
two passages to establish content validity. Second, if modi-
fying existing texts, it might be beneficial to examine addi-
tional passage features in the Coh-Metrix analyses (e.g., the
number of unique information units, syntax structure, and/
or types/number of conjunctions used) to increase chapter
equivalency. Another option would be the use of existing
textbook passages. Since the time of the project, we have
become aware of resources (ReadWorks, 2018) with text-
book passages already equated; however, they are shorter
than our target passages. Perhaps most importantly, it would
be valuable to equate the SVT items across chapters on a
range of item features (e.g., readability, cohesion, the num-
ber of unique information units, syntax structure, the types/
number of conjunctions use, item types, and/or item
difficulty).

Feasibility was supported as the measure could be
administered within the 50-min time frame, the maximum
assessment time allowed in most clinical settings. Adoption
of clinical tools depends in part on fit with context and
provider need, hence it is critical when developing tools
to consider implementation from the outset (Damschroder
et al., 2009; Sohlberg, Kucheria, et al., 2015). That said,
the targeted end users noted that the CIUrate transcription
and calculation procedures were too lengthy for RULE to
be feasible. This led our research team to begin investigat-
ing options for autotranscription and automation of CIU
calculation. Currently, we are running a study evaluating
the partial automation of the CIU calculation and compar-
ing clinician scoring time using the automated protocol to
manual scoring. This work will be important to develop a
tool that can be fully adopted.

Limitations

Although the RULE development and initial piloting
provide a proof of concept and encourage continued explo-
ration, there were several limitations of the study that
warrant caution in interpretation. Our sample size was
small. It also is not known whether the sample was repre-
sentative of typical undergraduates. There was gender dis-
parity in our small sample because of a self-selection bias
affecting sampling, which would be important to correct in
future studies. We were surprised by the numbers of indi-
viduals reporting scores on the LASSI suggesting that they
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would benefit from study strategy training and the number
who reported feeling challenged when they needed to recall
and retrieve academic reading content. There have been
some suggestions in the literature that reading comprehen-
sion is challenging for today’s undergraduates and may
reflect changes in educational practices at the elementary
and secondary levels (Sohlberg, Griffiths, & Fickas, 2015).
Although this may make it difficult to develop norms,
decreasing academic reading comprehension would suggest
it important to develop a valid, reliable reading compre-
hension measure.

It is also important to acknowledge the lack of data
on the use of discourse analysis for a reading comprehen-
sion measure. There have been fewer than 10 studies that
have employed retell or recall tasks to assess reading com-
prehension at the postsecondary level (Reed & Vaughn,
2012; Watter, Copley, & Finch, 2017). Although it is well
supported theoretically and in research practice, it has not
been used as a clinical tool. Furthermore, verbal recall is de-
pendent on verbal ability, and like “think aloud” protocols,
verbal ability may confound results as opposed to reading
comprehension.

Conclusions and Next Steps

The results of this development and preliminary eval-
uation are informing future research. Our immediate next
steps are to focus on the passage and item development
activities and ensure that the passage and SVT items are
equated across chapters. Improved alternate form reliabil-
ity is critical to develop a measure that can be used to
measure treatment effects. Another step that would con-
tribute to the robustness of concurrent validity findings is
to use a mixed methods design to assess comprehension.
This would entail using functional measures of reading (such
as cumulative GPA for courses heavily reliant on reading)
and a variety of self-report measures that provide data on
comprehension ability and effort or difficulty level experi-
enced when completing tests.

It is hoped that lessons learned in this study will stim-
ulate and guide other reading comprehension research
focused on developing and evaluating tools appropriate
for postsecondary readers. Study findings provide prelimi-
nary support for using ecological materials that match the
demands of college readers and validate assessments that
use both recognition paradigms and recall measures that
tap working memory.
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