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The percentage of postsecondary applicants who have the 
reading skills to succeed in college has decreased by 
nearly 10% in recent years (American College Testing 
[ACT], 2014, 2016). The ACT college readiness bench-
mark corresponds to a 50% chance of obtaining at least a 
B and a 75% chance of obtaining at least a C in a credit-
bearing first-year college course and is equivalent to a 22 
on the ACT Reading subtest (ACT, 2014, p. 24). This 
benchmark provides an indication of the likelihood of 
reasonable college success (i.e., timely degree comple-
tion; Allen & Radunzel, 2017). In both 2013 and 2014, 
only 44% of high school graduates who took the ACT met 
the benchmark for reading readiness, down from 52% in 
previous years (ACT, 2014). Additionally, reading readi-
ness is especially low for at-risk populations, including 
first-generation students and those from ethnic and racial 
groups that are traditionally underserved in education. 

For example, reading readiness rates range from just 17% 
for African American students to 29% for Hispanic stu-
dents (ACT, 2014). Low rates of college reading readi-
ness are especially problematic because the ability to 
learn from discipline-specific text is a basic expectation 
of higher education (Holschuh, 2019). Thus, it is not sur-
prising that reading skills and passing a developmental 
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Abstract
As access to higher education increases, it is important to monitor students with special needs to facilitate the provision 
of appropriate resources and support. Although metrics such as ACT’s (formerly American College Testing) “reading 
readiness” provide insight into how many students may need such resources, they do not specify why a student may 
need support or how to provide that support. Increasingly, students are bringing reading comprehension struggles to 
college. Multiple-choice Online Causal Comprehension Assessment-College (MOCCA-College) is a new diagnostic 
reading comprehension assessment designed to identify who is a poor comprehender and also diagnose why they are 
a poor comprehender. Using reliability coefficients, receiver–operating characteristic curve analysis, and correlations, 
this study reports findings from the first year of a 3-year study to validate the assessment with 988 postsecondary 
students who took MOCCA-College, a subset of whom also provided data on other reading assessments (i.e., ACT, 
n = 377; Scholastic Aptitude Test [SAT], n = 192; and Nelson–Denny Reading Test [NDRT], n = 78). Despite some 
limitations (e.g., the sample is predominantly females from 4-year institutions), results indicate that MOCCA-College 
has good internal reliability, and scores are correlated with other reading assessments. Through a series of analyses of 
variance (ANOVAs), we also report how students identified by MOCCA-College as good and poor comprehenders differ 
in terms of demographics, cognitive processes used while reading, overall comprehension ability, and scores on admissions 
tests. Findings are discussed in terms of using MOCCA-College to help gauge which students may be at risk of reading 
comprehension difficulties, identify why they may be struggling, and inform directions in actionable instructional changes 
based on comprehension processing data.
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reading course are major predictors of student retention 
after the first year of college (Bergey et al., 2017; Fike & 
Fike, 2008), and the need to identify students who strug-
gle with reading and provide them with targeted support 
is clear (Biden, 2011; Holschuh, 2019; Poole, 2019).

The importance of reading, coupled with the prevalence 
of poor reading skills at the postsecondary level (ACT, 
2014; Gorzycki et al., 2016), has led many institutions to 
offer reading support for students through developmental 
coursework, reading centers, and tutoring (Scott-Clayton 
& Rodriguez, 2014; Tinto, 2012). However, some readers 
at this level struggle not with basic reading skills (e.g., 
decoding) but with comprehension skills (e.g., generating 
appropriate inferences). This issue is explained by the sim-
ple view of reading in which reading comprehension is the 
product of two skills: decoding and language comprehen-
sion (Hoover & Gough, 1990). Decoding is the ability to 
determine the sounds of written words (Goff et al., 2005), 
and language comprehension is the ability to develop a 
mental representation of the text (Kintsch, 2019). Readers 
with adequate decoding skills, but who have difficulty 
understanding what they read, have been labeled poor 
comprehenders (Cain & Oakhill, 2006; Carlson et al., 
2014; McMaster et al., 2012). Without a reliable and valid 
way to identify poor comprehenders, determine which 
aspects of comprehension are challenging for them, and 
assess changes in their reading comprehension skills, it is 
nearly impossible for institutions to know which mix of 
services are appropriate to offer. Moreover, despite a 
renewed push for the standardization of assessments that 
identify students in need of remediation (Boylan, 2009), 
such practices may be ineffective if they only provide evi-
dence that students struggle without differentiating why 
they struggle, leading to inadequate or even inappropriate 
reading support.

One leading theory in reading comprehension research 
that has provided a foundation to understand why readers 
struggle with comprehension is the construction-integra-
tion (CI) model of comprehension (Kintsch, 2019), which 
articulates three levels of representation involved in devel-
oping mental representations of text. The first level is the 
surface structure, which consists of the literal words and 
syntax in which decoding skills are necessary. Second, 
information in the surface structure is connected within the 
text to develop the textbase level of representation. Third, a 
situation model level of representation is developed when 
readers connect their background knowledge to the text-
base, thus filling in gaps in the text with necessary back-
ground knowledge (Kintsch & van Dijk, 1978).

The field has gained valuable insight into higher-level 
cognitive skills to determine how and why some readers 
struggle with comprehension at the textbase and situation 
model levels (Cain & Oakhill, 1999, 2006). For example, 
previous think-aloud research (i.e., recorded verbal thought 

responses or processes while reading) with children has 
found that some readers tend to focus heavily on repeating 
or summarizing individual sentences (i.e., paraphrasing) 
without considering ideas across a text, while other stu-
dents focus more on connecting to their background knowl-
edge (i.e., elaborating about information related but also 
irrelevant to the text) rather than honing in on the key ideas 
in the text (i.e., making causal connections; McMaster 
et al., 2012). Although paraphrasing and elaborating are 
helpful cognitive skills, they are not sufficient for compre-
hension, and poor comprehenders have been shown to 
overly rely on these processes to the detriment of generat-
ing causally coherent inferences (i.e., determining why 
something occurs in a text)—which are required for com-
prehension. However, traditional reading comprehension 
assessments do not generally assess the underlying pro-
cesses that readers use during reading, nor do they identify 
why readers struggle during comprehension (Magliano 
et al., 2007). Instead, they focus on the result (i.e., product) 
of reading after reading is complete (e.g., what is recalled 
or remembered).

Although recent research on the comprehension pro-
cesses children use while reading has helped push the field 
into new directions (e.g., classroom interventions; 
McMaster et al., 2012; computer-based interventions: 
ELLCII and TeLCI; McMaster et al., 2019), much less is 
known about the comprehension processes of older readers 
(i.e., college students), particularly those who struggle with 
reading comprehension and are not considered reading 
ready for college success (ACT, 2014, 2016). Beyond col-
lege admissions tests, there are few reading comprehension 
assessments intended for use with postsecondary readers. 
Moreover, those that are available are typically not designed 
to identify why those students struggle with reading. Thus, 
there exists a clear need for new assessments that can dif-
ferentiate comprehension skills of postsecondary students. 
In addition, there is a particular need for diagnostic assess-
ments that identify the processes that postsecondary stu-
dents use during reading to better understand their reading 
skills and strategies (e.g., McNamara, 2017; McNamara & 
Kendeou, 2011) and provide scores that are informative for 
both postsecondary students and personnel who teach 
developmental or other supportive reading courses. Students 
and personnel could use such diagnostic data to guide deci-
sions for instructional support such as individualized tutor-
ing (Colver & Fry, 2016), computerized questioning 
(Magliano et al., 2011), intelligent tutoring (McMaster 
et al., 2019), or game-based learning (Ronimus et al., 2019) 
needed to help improve reading comprehension strategies 
and processes generated during reading. To begin to address 
these needs, the current study reports on the initial develop-
ment of and preliminary validation evidence for Multiple-
choice Online Causal Comprehension Assessment-College 
(MOCCA-College), a diagnostic assessment of reading 
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comprehension that differentiates the reading comprehen-
sion processes of postsecondary students.

Purposes of the Present Study

This article reports data from the first year of a 3-year mea-
surement development study and has two primary 
purposes:

1. To report preliminary convergent and discriminant 
validity evidence regarding the use of MOCCA-
College as an assessment of reading comprehension 
for postsecondary students; and

2. To evaluate construct validity evidence for 
MOCCA-College as a diagnostic measure of read-
ing comprehension by investigating differences 
between students identified as good and poor com-
prehenders with respect to demographic character-
istics, comprehension processes, and comprehension 
efficiency.

To do so, we report pilot data from a demographically 
diverse convenience sample of college students, including 
performance on MOCCA-College, available data from 
standardized admissions assessments (i.e., Scholastic 
Aptitude Test [SAT] and ACT), and reading comprehen-
sion and reading rate scores from the Nelson-Denny 
Reading Test.

To address our first purpose, we evaluated convergent 
validity for MOCCA-College using correlations between 
the MOCCA-College number correct score and reading 
scores on the various standardized assessments. Discriminant 
validity was evaluated using correlations between the 
MOCCA-College number correct score and standardized 
mathematics scores. Based on the construct similarity 
between the measures, we anticipated reasonably strong 
positive correlations between the MOCCA-College number 
correct score and standardized reading scores, and negative 
correlations between standardized reading scores and the 
MOCCA-College distractor subscores (see more about 
MOCCA-College subscores under Measures). Given that 
mathematics assessments typically include word problems 
in which students need to combine the situation model from 
the question with the necessary mathematical skills to solve 
the problem (i.e., the problem model; Nathan et al., 1992), 
we anticipated that correlations between the MOCCA-
College correct score and mathematics scores would also be 
positive, but hypothesized that they would be weaker than 
those between MOCCA-College and the reading scores.

To address our second purpose, we tested for differences 
between comprehender type on measures of general reading 
comprehension, reading rate, and math performance. Based 
on findings from the original MOCCA developed for late 
elementary readers, we expected to find similar patterns of 

response trends between good and poor comprehenders 
such that differences between groups would be more pro-
nounced for measures of reading than for measures of math.

Method

Participants

Participants were recruited from three medium-to-large, 
regional, comprehensive universities located in geographi-
cally distinct regions of the United States (i.e., the West, 
Midwest, and Southeast). Participants were drawn from a 
combination of First-Year Experience courses; TRIO pro-
grams (i.e., federally supported programs that provide 
services to students from underserved, disadvantaged, 
and low-income backgrounds); Educational Opportunity 
Programs (i.e., “Summer Bridge”); psychology and educa-
tional psychology participant pools; and psychology, 
English, and education courses. In total, a demographically 
diverse convenience sample of 1,160 postsecondary stu-
dents consented to participate in the study.

Fifty participants completed fewer than 10 of the 50 
MOCCA-College items and were excluded from subse-
quent analysis due to insufficient data. An additional 122 
participants were excluded because they declined to pro-
vide demographic data. Scores on admissions data did not 
differ between excluded and included participants (see Note 
1). The final analytic sample consisted of 988 participants 
who completed at least 10 MOCCA-College items and pro-
vided demographic data. Of these 988 participants, ACT 
data were available for 377, and SAT data were available 
for 192. In addition, a subset of 85 participants from two of 
the participating institutions completed an additional mea-
sure of reading comprehension and reading rate through in-
person data collection, 78 of whom provided demographic 
data and were included in the final sample. Participants 
were not excluded from the study due to a documented 
learning disability (LD), but information about the number 
of students with LD was not available.

Measures

MOCCA-College. The MOCCA-College is a discourse-level 
maze task designed to identify postsecondary students who 
struggle with causal comprehension. It is based on an ear-
lier version of MOCCA developed for readers in Grades 3 
through 5 (Biancarosa et al., 2016; Carlson et al., 2014; 
Davison et al., 2018; Liu et al., 2019; see Figure 1). Each of 
the four MOCCA-College test forms consists of 50 items, 
which are short, seven-sentence narrative or expository 
texts, written within a specific Flesch-Kincaid Grade Level 
(FKGL) range for the target population (FKGL ~6.0–14.0, 
M = 8.74, SD = 2.50; Kincaid et al., 1975). Unlike a tradi-
tional maze task in which items are generated by deleting 
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every nth word, MOCCA-College deletes the entire sixth 
sentence from the text. Examinees read each item and 
replace the missing sentence by choosing from among the 
three multiple-choice response types: (a) causally coherent 
inferences (CCI), (b) paraphrases (PAR), and (c) elabora-
tions (ELA). CCIs are keyed as correct and represent the 
response that best completes the text in a causally coherent 
manner. MOCCA-College is thus a distractor-driven assess-
ment (Sadler, 1998) that distinguishes not only whether 
readers selected the correct answer but also why they may 
not have selected the correct answer based on which of the 
meaningful distractors was chosen.

The incorrect PAR response reiterates a previous sen-
tence. This mimics what one group of poor intermediate 
comprehenders tended to do when they failed to make caus-
ally coherent inferences (e.g., Carlson et al., 2014; McMaster 
et al., 2012). The incorrect ELA response involves a connec-
tion to the text based on background knowledge that may be 
tangential. This response mimics what another group of poor 
intermediate comprehenders tended to do when they failed 
to make causally coherent inferences (e.g., Carlson et al., 
2014; McMaster et al., 2012). Note that readers may 
draw on background knowledge to make either causally 
coherent inferences or elaborations. What distinguishes the 

two in MOCCA-College is whether the inference closes the 
causal chain of events in the text. When a participant com-
pletes MOCCA-College, they receive scores representing 
the number of times they selected each of the three response 
types, and a percent correct score corresponding to the per-
centage of items attempted for which they selected the CCI.

MOCCA-College is administered completely online via 
a secure, individualized login. The assessment is self-paced 
but takes approximately 1 hr to complete in its entirety, 
including instructions and practice items. Because one of 
the purposes of the project for which these data were col-
lected was to evaluate the performance of the newly devel-
oped MOCCA-College items, no ceiling rule to discontinue 
testing was used. However, as detailed under Participants, 
examinees who answered fewer than 10 items were 
excluded from the analyses presented here.

Demographic survey. A demographic survey was adminis-
tered via Qualtrics (2019). The survey was hyperlinked at 
the end of the MOCCA-College assessment. The demo-
graphic survey included items regarding age, gender, sex, 
race, ethnicity, primary language, student status, employ-
ment status, the highest level of parent education, and 
nontraditional student identifiers (i.e., transfer, returning, 

Figure 1. Screenshot of a MOCCA-College demonstration item.
Note. This figure illustrates a demonstration item with line “MISSING SENTENCE” embedded in the text. Examinees select their choice by clicking one 
of the sentences below the main text. In this example, the first response is an elaboration, the second response is a summary/paraphrase of the main 
idea, and the third response causally completes the text. MOCCA-College = Multiple-choice Online Causal Comprehension Assessment-College.
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marital status, parent, primary caregiver, primarily online, 
and veteran). The demographic survey took approximately 
4 min to complete. Participants could skip any item or 
select “I prefer not to answer.”

Admissions data. As available, admissions test score data 
(i.e., ACT and SAT scores) were collected from participating 
institutions to evaluate the convergent and discriminant 
validity of MOCCA-College test scores. The ACT is a mul-
tiple-choice college readiness test designed to measure skills 
that are typically acquired in secondary education and are 
useful in postsecondary education (ACT, 2014). The ACT 
provides a composite score and four subscores in English, 
Mathematics, Reading, and Science, all of which have high 
reported reliability correlation coefficients (α = .97, .92, 
.90, .88, and .85 respectively) for college-bound students 
(ACT, 2014). Results reported here focus on the composite 
and Reading and Mathematics subtests. Similarly, the SAT is 
a college readiness test that provides test scores in three 
areas: Reading, Writing and Language, and Mathematics. 
Most items are multiple-choice, but the test also includes 
some sentence completion and constructed response items. 
Reported reliability correlation coefficients for the SAT 
scores are high: Reading range = .91–.93, Mathematics 
range = .92–.94, and Writing and Language range = .88–
.93 (College Board, 2012). In addition, the SAT provides 
two scaled section scores that range from 200 to 800 for (a) 
Evidence-Based Reading and Writing and (b) Math. All 
analyses involving the SAT use section scores. The avail-
ability of admissions data was somewhat limited due, in 
part, to the evolving nature of test optional or test flexible 
admission requirements by many institutions of higher edu-
cation (e.g., Buckley, 2020). Specifically, one of the three 
participating institutions did not require college-admission 
test scores. In addition, not all participants had test scores on 
file. For example, transfer students with associates’ degrees 
are not required to submit ACT or SAT scores at most 4-year 
institutions, including those in the current study.

Nelson–Denny Reading Test (NDRT). The NDRT is a tradi-
tional paper-and-pencil test of reading comprehension, 
reading rate, and vocabulary for high school and adult read-
ers. The NDRT comprehension and reading rate subtests 
were included in this study as measures of concurrent read-
ing validity. The NDRT requires examinees to read pas-
sages and answer multiple-choice questions. Passages are 
also used to measure reading rate. The NDRT provides raw, 
scaled, and normative percentile rank scores; NDRT stan-
dardized comprehension subscores have a mean of 100 and 
a standard deviation of 15. The authors report internal con-
sistency reliability coefficients ranging from .85 to .95, 
alternate-form reliability coefficients between .88 and .94, 
and test–retest reliability coefficients between .89 and .98 
(Fishco, 2018; Forms I and J).

Procedure

First, participants were recruited through a combination of 
university courses, psychology and education course 
recruitment systems (e.g., Sona Systems), and social 
media. Second, after informed consent, participants com-
pleted one of the four randomly assigned MOCCA-
College forms. Third, immediately upon finishing the 
assessment, participants were asked to complete the brief, 
optional, demographic survey. All participants who com-
pleted the assessment were compensated with either 
course credit or a gift card to a national retailer. Fourth, a 
subset of participants (n = 85) were also recruited and 
completed the NDRT in person with trained research staff, 
78 of whom provided demographic data and are included 
in the analytic sample. These additional measures took 
approximately 45 min to complete, and individuals who 
did so were compensated with a gift card to an online 
retailer. Fifth, admissions data (i.e., ACT [n = 377] and 
SAT [n = 192]) were requested from and provided by par-
ticipating institutions for analyses.

Analyses

Our first analytic goal was to identify a preliminary perfor-
mance threshold, or cut score, on MOCCA-College that 
could be used to categorize performance on MOCCA-
College as indicative of either good comprehension or poor 
comprehension. Importantly, the goal of these analyses was 
not to establish a threshold that would be shared with end 
users but to facilitate comparisons across comprehension 
types using data from all participants who took MOCCA-
College, rather than limiting those analyses to just the 
smaller subset of participants for whom other reading 
achievement data were available. To identify this prelimi-
nary threshold, we used receiver–operating characteristic 
(ROC) curve analyses to evaluate the predictive relation-
ship between a range of MOCCA-College percent correct 
scores and criterion-level performance on all other avail-
able measures of reading achievement. The ACT and SAT 
criteria were set as the published college and career readi-
ness benchmark scores for each test (i.e., 22 for the ACT, 
2021; and 480 for the SAT, College Board, 2021). The cri-
terion for the NDRT was set as the 40th percentile on the 
total reading score (Fishco, 2018).

Classification accuracy of the MOCCA-College percent 
correct score was evaluated using the area under the curve 
(AUC) statistic. In traditional ROC curve analyses, the AUC 
provides a measure of how well a screener predicts outcomes 
on the criterion measure. Because MOCCA-College is not 
designed as a screener for these outcomes per se, we inter-
preted these analyses as an indicator of the extent to which 
performance on MOCCA-College is indicative of reading 
comprehension generally. For each outcome, we identified 
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the MOCCA-College percent correct score that best balanced 
sensitivity (i.e., how well a given score correctly identifies 
students who have not met the criterion) and specificity (i.e., 
how well that same score correctly identifies those students 
who have met the criterion) thresholds.

Demographic and MOCCA-College subscore data were 
then summarized descriptively, both overall, and by com-
prehender type. To evaluate validity evidence for the 
intended uses of MOCCA-College, we correlated MOCCA-
College subscores with other available measures. Evidence 
for construct validity was based on the joint evaluation of 
convergent validity correlations between the MOCCA-
College subscores, the NDRT (n = 78), and the ACT (n = 
377) and SAT (n = 172) reading subtests, and discriminant 
correlations between the MOCCA-College subscores and 
the ACT and SAT math subtests. The primary correlations 
of interest (i.e., those involving MOCCA-College) with the 
smallest sample size (NDRT; n = 78) were powered at .80 
to detect a two-tailed correlation as small as .31 (Weathington 
et al., 2012). Finally, to investigate differences between stu-
dents identified by MOCCA-College as good and poor 
comprehenders, we conducted a series of analyses of vari-
ance (ANOVAs; between-subjects factor: comprehension 
ability as defined by MOCCA-College percent correct) on 
MOCCA-College subscores, admissions data, and scores 
on the NDRT, and reported effect sizes for each comparison 
using Hedges’ g (Hedges, 1981).

Results

ROC Curve Analyses

Sample sizes for the ROC curve analyses varied by out-
come (i.e., ACT n = 377, SAT n = 192, NDRT n = 78). 
AUCs for the MOCCA-College percentage correct score 
predicting the ACT, SAT, and NDRT criterion scores were 
.72, .72, and .66, respectively, all values at the low end of 
the adequate range (Hosmer et al., 2013). Comparing these 
AUC values to commonly cited efficacy criteria (e.g., 
National Center on Intensive Intervention [NCII], 2020; 
Swets, 1992), the MOCCA-College percentage correct 
score should not be used to predict performance on these 
measures. However, the MOCCA-College percentage cor-
rect scores that best balanced sensitivity and specificity 
were 84%, 82%, and 82% for the ACT, SAT, and NDRT, 
respectively. This similarity in cut scores across different 
reading outcomes does suggest a reasonably strong rela-
tionship between performance on MOCCA-College and a 
range of reading comprehension outcomes, which we 
believe justifies the use of these analyses as a guide for 
choosing a threshold on MOCCA-College for the purposes 
of making preliminary comparisons between compre-
hender type. Based on these results, we selected a percent-
age correct score of 82% as the threshold for subsequent 

comparisons and applied that threshold to the percentage 
correct scores for all study participants, resulting in 638 
students who exhibited good comprehension of MOCCA-
College, and 350 students who exhibited poor comprehen-
sion on MOCCA-College.

Demographic Survey Results

To measure potential test biases and help characterize dif-
ferences in performance, all participants were asked to vol-
untarily complete a demographic survey at the end of the 
assessment; 988 students did so. Details regarding overall 
demographics as well as a breakdown by good and poor 
comprehender groups are reported in Table 1. The average 
age of participants who completed the survey was 22.56 
years (SD = 6.78). More than two-thirds of participants 
(69%) identified as female, 29% identified as male, and 1% 
identified as genderfluid, transgender, or gender noncon-
forming. In terms of racial identity, 62% of respondents 
identified as White, 13% identified as Black or African 
American, 6% identified as Asian, 2% identified as Native 
American, Alaska Native, Hawaiian, or Pacific Islander, 
and 5% reported a different racial identity. In terms of eth-
nic identity, 17% reported being Latino/a/x. The primary 
language of 91% of participants was English, with 3% 
reporting Spanish, and 2% reporting a different language.

These demographics are similar to those reported for 
the national average of college students in the United 
States for race and ethnicity (54.7% non-Hispanic White; 
14% Black or African American; 8.4% Asian; 3.1% other; 
19.4% Hispanic; U.S. Census Bureau, 2018). Notably, 
our sample includes a higher percentage of female stu-
dents than the general U.S. college student population 
(55.5% female; Hanson, 2021), and all participants attend 
public 4-year intuitions. In the general postsecondary 
population, approximately 35% of students attend private 
institutions and nearly a quarter of students attend 2-year 
institutions. The breakdown by good and poor compre-
hender groups closely paralleled the overall data, although 
students identified as poor comprehenders were some-
what more likely to be people of color and speak a pri-
mary language other than English than were students 
identified as good comprehenders (67% of good compre-
henders identified as White and 95% spoke English as 
their primary language, compared with 52% and 84% of 
poor comprehenders, respectively).

The average age of the 78 participants who completed the 
NDRT was 21.14 (SD = 4.66). Nearly two-thirds (65%) iden-
tified as female, 33% identified as male, and 1% identified as 
genderfluid, transgender, or gender nonconforming. In terms 
of racial identity, 81% of these respondents identified as 
White, 4% identified as Black or African American, 4% iden-
tified as Asian, 1% identified as Native American, Alaska 
Native, Hawaiian, or Pacific Islander, and 3% reported a 
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Table 1. Demographics for the Full Sample and by Comprehender Subgroup.

Demographic characteristic

Full sample
Good 

comprehender
Poor 

comprehender

N % n % n %

All respondents 988 100 638 64 350 35
Gender/sex
 Female 684 69 450 71 234 67
 Male 285 29 176 28 109 31
 Genderfluid/transgender/nonconforming 13 1 9 1 4 1
Race
 White 680 62 477 67 203 52
 Black/African American 139 13 80 11 59 15
 Asian 71 6 39 6 32 8
 American Indian/Alaska Native/Pacific Islander/Hawaiian 23 2 15 2 8 2
 Other 59 5 32 5 27 7
Ethnicity: Latino/a/x 168 17 94 15 74 21
Primary language
 English 919 91 617 95 302 84
 Spanish 31 3 7 1 24 7
 Other 21 2 9 1 12 3
Student status
 Full time 925 93 592 93 333 95
 Freshman 258 26 149 23 109 31
 Sophomore 189 19 127 20 62 18
 Junior 184 18 116 18 68 19
 Senior 178 18 109 17 69 20
 Other 167 17 131 21 36 10
Employment status
 Regular work schedule 520 53 338 53 182 52
 Almost never work 216 22 148 23 68 20
 No regular work schedule 215 22 140 22 75 22
Highest parental education level
 Less than high school 63 6 26 4 37 11
 Secondary (high school diploma or equiv.) 169 17 100 16 69 20
 Vocational school 27 3 19 3 8 2
 Some college, no degree 145 15 83 13 62 18
 Associate’s degree 89 9 65 10 24 7
 Bachelor’s degree 269 27 193 30 76 22
 Master’s degree 145 15 103 16 42 12
 Terminal degree 58 6 41 6 17 5
 I don’t know 13 1 6 1 7 2
Nontraditional student identifier
 Transfer 144 12 92 11 52 13
 Returning to school 110 9 77 10 33 8
 Married/domestic partnership 89 7 70 9 19 5
 Primarily online 82 7 65 8 17 4
 Parent 66 6 48 6 18 5
 Primary caregiver 23 2 20 2 3 1
 Veteran 18 2 15 2 3 1

Note. Percentages do not always sum to 100 due to rounding and incomplete responses at the item level.

different racial identity. In terms of ethnic identity, 17% 
reported being Latino/a/x. The primary language of 90% of 

validating task participants was English, with 2% reporting 
Spanish and 2% reporting a different language.
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MOCCA-College Reliability and Descriptives

The average difficulty of all items across all forms was θ = 
.81 (θ = .81, .78, .80. and .83 for Forms 1 through 4, respec-
tively; Davison et al., 2020). The average point-biserial cor-
relation across all items across all forms was rpb = .80 (rpb 
= .80, .77, .78, and .83 for Forms 1 through 4, respectively), 
which is considered good (Varma, 2006). Overall reliability 
for all four forms was excellent (α = .92–.95; Davison 
et al., 2020). Similarly, reliabilities of the paraphrase and 
elaboration subscores across forms were both very good 
(paraphrase α = .86–.88, elaboration α = .77–.88). 
Descriptive statistics for MOCCA-College are presented in 
Table 2 for the CCI total score (i.e., the number of items 
answered correctly), the PAR and ELA distractor subscores, 
total testing time, and reading efficiency. Each measure is 
reported both for the full sample and disaggregated by stu-
dents identified by MOCCA-College as good and poor 
comprehenders. By definition, the 638 participants identi-
fied as good comprehenders chose more CCI responses and 
fewer PAR and ELA responses than did the 350 participants 
identified as poor comprehenders. Good comprehenders 
also spent an average of slightly more than 5 additional min 
on the test (Hedges’ g = .17, a moderately small effect) but 
less time per correct response (Hedges’ g = .55, a moder-
ately large effect). Finally, participants identified as good 
comprehenders completed slightly more items (M = 46.50, 
SD = 9.15) than did participants identified as poor compre-
henders (M = 44.96, SD = 11.27), F(986) = 5.43, p < .05; 
Hedges’ g = .19, a moderately small effect).

Validation Analyses

Descriptive statistics for the available ACT, SAT, and 
NDRT scores are reported in Table 3, including scores dis-
aggregated by comprehender type. On average, students 
identified by MOCCA-College as poor comprehenders had 
lower scores on all measures except reading rate, a mea-
sure for which higher scores represent less fluent reading. 
Correlations between MOCCA-College subscores and the 

available validation measures are reported in Table 4. As 
predicted, CCI scores were positively and moderately, but 
significantly, correlated with scores from measures repre-
senting convergent validity, including the ACT Reading (r 
= .43, n = 377), SAT Reading and Writing (r = .37, n = 
192), and the NDRT (r = .32, n = 78). In addition, as pre-
dicted correlations between CCI scores and measures of 
discriminant validity, including math subscores were of a 
similar magnitude but slightly lower than those of the read-
ing scores (i.e., ACT Math r = .31, n = 377; SAT Math r 
= .43, n = 192). Finally, as predicted, MOCCA-College 
distractor (PAR, ELA) scores were negatively and moder-
ately correlated with standardized measures of reading and 
math. Specifically, these correlations tend to be more 
strongly negative for standardized measures of reading 
than for standardized measures of math, providing further 
evidence of construct validity.

Good/Poor Comprehender Differences

To investigate potential differences between students iden-
tified by MOCCA-College as good (n = 638) and poor  
(n = 350) comprehenders, we conducted a series of 
ANOVAs on the MOCCA-College reading comprehension 
efficiency score, admissions data, and other measures of 
convergent and discriminant validity.

MOCCA-College reading comprehension efficiency. An ANOVA 
testing the impact of participants identified as good vs. poor 
comprehenders on minutes per correct response showed that 
good comprehenders were more efficient (M = 1.14 minutes 
per correct item; SD = .65) than poor comprehenders (M = 
1.70 minutes per correct item; SD = 1.46), a statistically 
significant difference, F(1, 986) = 68.4; p < .001; Hedges’ 
g = .53, a moderately large difference.

Admissions data
ACT. An ANOVA testing the association between compre-

hension ability and ACT Composite scores showed a mod-
erate, statistically significant difference, F(1, 375) = 67.2,  

Table 2. Descriptive Statistics for MOCCA-College for the Full Sample and by Comprehender Subgroup.

Measure

Full samplea Good comprehendersb Poor comprehendersc

M SD Range M SD Range M SD Range

CCI 36.94 11.87 2–50 42.39 9.00 10–50 26.99 9.84 2–40
PAR 4.55 5.10 0–28 1.80 1.68 0–8 9.57 5.42 0–28
ELA 4.30 4.35 0–23 2.16 1.56 0–7 8.21 5.04 0–23
Total testing time (in min) 45.32 30.31 2.54–231.38 47.19 28.88 11.26–231.38 41.92 32.53 2.54–217.22
Reading efficiencyd 1.34 1.05 0.16–12.41 1.14 0.65 0.28–5.51 1.70 1.46 0.16–12.41

Note. CCI = casually coherent inferences; PAR = paraphrases; ELA = elaborations; MOCCA-College = Multiple-choice Online Causal 
Comprehension Assessment-College.
aN = 988. b n = 638. c n = 350. d Minutes per correct answer.
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Table 3. Descriptive Statistics for Validation Measures for the Full Sample and by Comprehender Subgroup.

Measure

Full sample Good comprehenders Poor comprehenders
Hedges’ 

gN M SD Range n M SD Range n M SD Range

ACT test
 Composite 377 25.26 4.05 16–35 253 26.37 3.90 17–35 124 23.01 3.37 16–32 .90
 Reading 377 26.19 4.98 13–36 253 27.54 4.72 15–36 124 23.43 4.33 13–35 .89
 Math 377 24.43 4.26 15–36 253 25.14 4.25 15–36 124 22.97 3.91 16–31 .52
SAT test
 Total 192 1,027.60 135.08 750–1,530 115 1,073.22 135.16 810–1,530 77 959.48 106.82 750–1,220 .91
 Read/write 192 517.34 68.21 350–800 115 539.57 66.23 370–800 77 484.16 56.99 350–600 .88
 Math 192 510.94 79.34 330–800 115 533.04 80.08 350–800 77 477.92 66.02 330–640 .73
NDRT
 Total 78 113.01 15.16 70–143 47 116.34 15.00 70–143 31 107.97 14.19 72–135 .57
 Rate 78 253.96 84.20 82–566 47 259.70 78.79 130–566 31 245.26 92.47 82–515 .17

Note. ACT = American College Testing; NDRT = Nelson-Denny Reading Test; NDRT Total = NDRT total comprehension score; NDRT Rate = NDRT reading rate; 
MOCCA-College = Multiple-choice Online Causal Comprehension Assessment-College.

Table 4. Correlations Between Scores on MOCCA-College and Validation Measures.

Score n 1 2 3 4 5 6 7 8 9 10

 1. MOCCA-C CCI 988 —  
 2. MOCCA-C PAR 988 −.52** —  
 3. MOCCA-C ELA 988 −.48** .74** —  
 4. ACT Composite 377 .47** −.44** −.36** —  
 5. ACT Reading 377 .43** −.42** −.36** .86** —  
 6. ACT Math 377 .31** −.30** −.22** .82** .53** —  
 7. SAT Total 192 .44** −.28** −.19* —a —a —a —  
 8. SAT Read/write 192 .37** −.30** −.16* —a —a —a .89** —  
 9. SAT Math 192 .43** −.20* −.18* —a —a —a .91** .64** —  
10. NDRT total 78 .32** −.21 −.08 .51**b .63**b .10b .46c .59*c .22c —

Note. MOCCAC = Multiple-choice Online Causal Comprehension Assessment-College; CCI = causally correct inference; PAR = paraphrase;  
ELA = elaboration; NDRT = Nelson-Denny Reading Test; MOCCA-College = Multiple-choice Online Causal Comprehension Assessment-College.  
n = number of observations per variable, which corresponds to the pairwise sample size except where noted.
aNo correlation reported, n = 4. b n = 42. c n = 17.
*p < .05. **p < .01.

p < .001, with the good versus poor comprehender distinc-
tion explaining about 15% of the variance in scores (η2 
=.15, Hedges’ g = .90, a large effect). Similarly, a test of 
the association between comprehension ability and ACT 
Reading scores showed a statistically significant difference, 
F(1, 375) = 66.7, p < .001, that explained about 15% of 
the variance in scores (η2 = .15, Hedges’ g = .89, a large 
effect). The two groups showed a smaller, but still statisti-
cally significant difference on ACT Math subscores, F(1, 
375) = 25.5, p < .001, η2 = .06; Hedges’ g = .52, a moder-
ate effect.

SAT. An ANOVA testing the impact of comprehension 
ability on SAT Total scores showed a moderate, statistically 
significant difference, F(1, 190) = 39.2, p < .001, explain-
ing about 17% of the variance in scores (η2 = .17, Hedges’ 
g = .91, a large effect). A test of comprehension ability on 

SAT Reading and Writing subscores also showed a moderate 
and statistically significant difference, F(1, 190) = 36, p < 
.001, which explained about 16% of the variance in scores 
(η2 = .16, Hedges’ g = .88, a large effect). An ANOVA test-
ing the impact of comprehension ability on SAT Math scores 
also showed a statistically significant difference, F(1, 190) 
= 25.1, p < .001, explaining about 12% of the variance in 
scores (η2 = .12, Hedges’ g = .73, a large effect).

Nelson-Denny Reading Test (NDRT). An ANOVA testing the 
association of good vs. poor comprehenders with NDRT 
Total scores showed a small, but significant difference, F(1, 
76) = 6.07, p = .02, explaining about 7% of the variance in 
scores (η2 = .07, Hedges’ g = .57, a moderate effect). An 
ANOVA of reading rate showed a small, non-significant 
difference, F(1, 76) = .55, p = .46, explaining <1% of the 
variance (η2 < .01, Hedges’ g = .17, a small effect).
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Discussion

Findings from this study are discussed in the context of our 
purposes: (a) to report preliminary validity evidence for 
MOCCA-College and (b) to identify differences between 
students identified by MOCCA-College as good and poor 
comprehenders. The results are also discussed for how best 
to design and use cognitive diagnostic assessments to 
inform tutoring, instruction, placements, or individual read-
ing comprehension practice. Finally, we discuss the limita-
tions of the study and future directions.

Validity Evidence

The current study provides preliminary validity evidence 
for MOCCA-College as a measure of causal reading com-
prehension that could be used to distinguish between good 
and poor comprehenders and determine why they struggle 
with comprehension processing. On admissions and valida-
tion measures, scores on MOCCA-College were more 
highly correlated with measures of reading comprehension 
(i.e., NDRT) than they were with ACT math but not SAT 
math. These findings parallel, in part, results from the ele-
mentary version of MOCCA, which correlated more highly 
with other English language arts or reading tests than with 
math tests (Biancarosa et al., 2019; Davison et al., 2019). 
Notably, it is common for math and reading scores to be 
moderately correlated, as they are in this study (e.g., Davis 
et al., 2014; Dorans, 1999; Henry et al., 2014) given the 
overlap in skills in the two domains (e.g., mathematical 
story problems that require reading skills to be solved). 
Importantly, however, correlations with MOCCA-College 
tended to be higher for reading scores than for mathematics 
scores, which aligned with our predictions.

Although these findings represent important preliminary 
support for the convergent (reading) validity for MOCCA-
College, evidence of discriminant (math) validity of 
MOCCA-College is mixed. One reason for these mixed 
results could be due to the fact that math, in general, 
becomes more difficult for students preparing for college 
than younger students. In addition, ACT and SAT Math may 
measure different aspects of math college readiness. 
However, this would need to be further examined in future 
research. Thus, although preliminary, these different types 
of validity show that performance on MOCCA-College 
may be predictive of scores on other measures that are also 
predictive of college success (i.e., difference in English and 
Math subscores, Bettinger et al., 2013).

Differences Between Good and Poor 
Comprehenders

Differences in MOCCA-College. Data from the current study 
suggest that good and poor comprehenders in postsecondary 

institutions differ in a number of ways as reflected in their 
performance on MOCCA-College. First, poor compre-
henders selected more PAR and ELA responses than did 
good comprehenders. Second, poor comprehenders had 
lower reading comprehension efficiency compared with 
good comprehenders. That is, on average, it took poor com-
prehenders longer to answer items correctly than it did good 
comprehenders—although poor comprehenders spent less 
time on the test overall. Third, good and poor comprehenders 
differed both in total test time and in the number of items 
completed. Good comprehenders spent more time on the test 
and answered more questions than did poor comprehenders. 
These results suggest that good and poor comprehenders 
may depend on different processing skills to make their 
selection on MOCCA-College. These data support the theo-
retical foundation used to develop MOCCA regarding how 
readers develop their situation models of reading (e.g., 
Kintsch, 2019) and extend previous research on how to iden-
tify this information with an efficient diagnostic assessment 
rather than through other more laborious methods (e.g., 
think aloud) that have been traditionally used to reach simi-
lar results (e.g., Magliano et al., 2011; McNamara, 2017).

Differences in validity measures
ACT and SAT. For all admissions data comparisons (i.e., 

ACT composite, ACT reading, ACT Math, SAT total, SAT 
reading, and SAT math), there were significant differences 
between good and poor comprehenders. These differences, 
in part, build preliminary validity evidence that MOCCA-
College can distinguish between good and poor compre-
henders. These findings extend the field by providing 
preliminary evidence of a new assessment that measures 
underlying skills and processes needed for reading compre-
hension (e.g., Biancarosa et al., 2019; Carlson et al., 2014; 
Davison et al., 2019) and, thus, provides informative infor-
mation that could be used to make instructional decisions.

NDRT. A subset of participants provided responses to 
additional validation tasks by completing the NDRT. Small 
but significant differences were observed between com-
prehension skill groups on the NDRT total reading score. 
However, these findings should be interpreted with caution, 
given the small sample size, differences from the norma-
tive NDRT sample (Fishco, 2018), and the method used to 
identify good and poor comprehenders, which was based on 
scores from MOCCA-College itself. Future research may 
need to identify other criterion variables to better differenti-
ate between comprehension skill groups.

Limitations

Although the findings from the current study are promis-
ing, there are a number of caveats to these results. First, 
our study used a convenience sample mostly from three 
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medium-to-large, regional, comprehensive universities. 
Although the sample was, at least from a demographic 
perspective, relatively representative of U.S. college stu-
dents, it undoubtedly better reflects the population of stu-
dents who matriculate into those colleges and universities 
than it does those who apply to them. As such, our assess-
ment may better reflect the abilities and needs of students 
who are already enrolled in a postsecondary institution 
than those students applying to college. One goal of future 
studies involving MOCCA-College is to sample students 
from their senior year in high school to begin to further 
investigate college readiness.

In addition, our validation task sample reflects the fact that 
struggling comprehenders at the postsecondary level may be 
more reluctant to participate in reading studies. For instance, 
Harmon et al. (2005) found that adolescent struggling readers 
may be struggling with several issues such as seeing them-
selves as successful readers or learners, potentially creating 
anxiety or other social issues around seeking help to improve 
reading skills (Alvermann & Rush, 2004). Second, these find-
ings do not reflect the abilities and comprehension differences 
of students enrolled (or co-enrolled) in 2-year institutions. 
Specifically, there is evidence to suggest that poor compre-
henders are not monolithic and that these students may differ 
from their 4-year counterparts because of or despite their insti-
tution of choice (e.g., access, first-generation students, educa-
tional outcomes; Monaghan & Attewell, 2015; Pascarella 
et al., 1995, 2004; Somers et al., 2006).

Third, our NDRT subsample was not representative of the 
original NDRT normative sample (Fishco, 2018). Specifically, 
the NDRT normative sample included a mix of high school, 
2-year college students, and 4-year college students, whereas 
our sample consisted entirely of 4-year college students. This 
difference helps explain why both good and poor compre-
hender groups had average scores on the NDRT that were 
higher than the average for the normative sample. Our NDRT 
subsample was also slightly more White, female, and younger 
than the NDRT normative sample. Additionally, our NDRT 
subsample was more White than our larger sample. However, 
we have confidence in using NDRT as a part of our cut scores 
because all three cut scores (i.e., ACT, SAT, and NDRT) 
showed convergence. Nonetheless, results based on NDRT 
must be interpreted with caution.

Fourth, as described earlier, one of the primary institu-
tions has a test-optional or test-flexible policy. Consequently, 
analyses only reflect data from those students for whom 
admissions scores were available, thus limiting the general-
izability of the inferences we can draw using the admissions 
test data. Given our inability to access data regarding dis-
abilities or special education status, we are unable to further 
investigate why admission scores may not be reported. 
However, students with lower scores on admission tests may 
be less likely to report those scores (e.g., Robinson & Monks, 
2005). We are unaware of any study examining test-optional 

or test-flexible policies specific to applicants with any dis-
ability or special education diagnoses. Nonetheless, although 
test-optional and test-flexible policies appear to increase 
application rates for historically underrepresented students 
and students from low socioeconomic status backgrounds 
(Epstein, 2009; Espenshade & Chung, 2011), they may not 
actually do much to increase student body diversity (Belasco 
et al., 2015).

Finally, we were unable to collect information about 
current accommodations or former special education sta-
tus. Specifically, federal regulations and protections for 
students with special needs in college are different from 
those for students in K through Grade 12 settings. While 
students in K–12 settings may qualify for special services 
based on one of 13 Individuals with Disability Education 
Act Amendments of 1997 (IDEA, 1997) categories, this 
same category system does not apply to postsecondary 
education. However, postsecondary students may have a 
504 plan. Nonetheless, as indicated above, it is impossible 
based on the current sample to draw conclusions related to 
individuals with learning disabilities.

Future Directions

Although the findings reported here provide some prelimi-
nary evidence of the reliability of MOCCA-College, its util-
ity in identifying meaningful differences in comprehender 
subgroups, and the validity of inferences regarding compre-
hension processes, these findings suggest the need for addi-
tional research. For example, future forms likely need to 
include a higher proportion of more difficult items, as mea-
sured by item statistics, readability, and genre (i.e., a higher 
proportion of expository items). Additionally, for many stu-
dents, the assessment is too long to complete in a traditional 
class setting. Depending on how reliable shorter test forms 
prove to be, the number of items may be reduced to increase 
form completion. Alternatively, future versions of MOCCA-
College could utilize a computer adaptive testing approach 
to reduce testing time and improve estimates of all three 
subscores (i.e., CCI, PAR, and ELA).

From a methodological perspective, our existing con-
venience sample draws heavily from students already 
enrolled in traditional 4-year institutions. Moving for-
ward, we plan to recruit students enrolled in both commu-
nity colleges and high schools. However, these students 
may represent somewhat different populations in terms of 
career paths, aptitude, and participant background. It is 
possible that MOCCA-College could capture those differ-
ences in college reading readiness and aid in interventions 
based on their cognitive processing needs. Similarly, 
future data collection will need to include mechanisms to 
access or request students’ disability status (i.e., learning 
disabilities) and their indicated accommodations and mod-
ifications, as applicable.
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Future validation work for MOCCA-College will also 
need to address the evolving nature of test optional and test 
flexible admissions and placement testing (Buckley, 2020). If 
admissions tests are not available in future years, we plan to 
request GPA as a criterion for validity analyses. From an ana-
lytic perspective, this would provide an opportunity to exam-
ine the extent to which the threshold scores identified in the 
current study generalize to subsequent samples and outcomes 
and allow for an evaluation of the feasibility and implications 
of alternative threshold scores. Likewise, additional valida-
tion measures (i.e., The Group Reading Assessment and 
Diagnostic Evaluation [GRADE], or the Gates-MacGinitie 
Reading Test) could be used to compare respective reader 
comprehension profiles and suggested interventions.

Conclusion

The results of the current study suggest that MOCCA-College 
is a promising measure that does identify which postsecond-
ary students struggle with reading comprehension, and our 
findings provide additional information as to why they strug-
gle. As indicated, many college-bound students are not con-
sidered reading-ready by the benchmarks put forth by the 
ACT (2014). These results indicate that many postsecondary 
students struggle with comprehension because they may be 
failing to make the necessary causal connections while read-
ing, and correlations found in this study between these data 
and other reading measures support a continued need to focus 
on the cognitive processes of reading comprehension to help 
improve students’ comprehension skills. Specifically, 
MOCCA-College may help identify which postsecondary 
students need additional support in generating cognitive pro-
cesses during reading comprehension.
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Note

1. An ANOVA was used to examine whether examinees who 
were excluded from subsequent analyses (<10 responses 
on MOCCA-College and/or missing demographic data) 
differed from included examinees based on scores on 
either ACT Reading or SAT Reading admissions data. Raw 
scores were sample z-scored to allow for a pooled com-
parison across assessments. Admissions data were avail-
able for 152 of the 232 excluded students (66%) and 567 
of 988 included students (57%). There were no significant 
differences between the groups, F(1, 715) = 2.19, p > .05, 
η2 < .01.
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